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ABSTRACT 

 

This project aims to create a smart parking system for UTAR Kampar, leveraging AIoT and 

OCR technologies. The primary focus is on using AIoT cameras to conduct OCR for reading 

vehicle license plates. The system is designed to facilitate the process of finding parking and 

enhance the functionality of the accompanying application. The research aims to introduce an 

advanced parking system powered by OCR technology, which includes data collection, 

analysis of existing parking setups, and the development of a user-friendly app or dashboard. 

This system will provide real-time car park information, validate vehicle plate numbers, 

enforce parking regulations, and enhance campus security. Instead of manually searching for 

their parked car row by row, users will be able to track their carôs location through the 

application. Additionally, users can check the availability of parking spaces through the app, 

making parking more efficient and convenient. 

 

Area of Study: Artificial Intelligence of Things, Image Processing 

 

Keywords: Automatic License Plate Recognition (ALPR), Optical Character Recognition 

(OCR), YOLOv8, Firebase Realtime Database, FlutterFlow, Mobile Application 

Development, Object Detection, Computer Vision, Real-Time Parking Monitoring, Smart 

Parking System 
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Chapter 1 

Introduction  

In this chapter, a concise overview of the smart parking management system is 

provided, focusing on the key problems it aims to address and the motivation behind 

the project. The challenges of managing vehicle parking within the UTAR Kampar 

campus are discussed, highlighting the need for a more efficient and secure solution. 

The chapter outlines the objectives of the research, defines the scope and direction of 

the project, and presents the anticipated contributions to the field.  

 

1.1  Problem Statement and Motivation  

The parking situation at UTAR Kampar has become a significant issue due to the 

increasing number of students, staff, and visitors. Despite car sticker regulations 

intended to control vehicle access, unauthorized cars often enter the campus, leading to 

congestion and a shortage of parking spaces. This not only frustrates authorized users, 

who sometimes cannot find a place to park despite having paid for car sticker, but also 

results in inefficient manual enforcement by security guards, causing further delays and 

errors. The current system's limitations in effectively managing and monitoring parking 

spaces highlight the need for a more efficient solution. 

 

To address these challenges, this project aims to develop a Smart Parking Management 

System that provides real-time updates on parking availability across different zones 

within the UTAR Kampar campus. The system focuses on improving the overall 

parking experience by delivering live information through a mobile application, 

allowing users to make informed decisions before entering the campus. As part of its 

features, the system includes vehicle license plate detection and recognition to verify 

whether a car is authorized to park within campus grounds. Instead, the system 

emphasizes automation, convenience, and enhanced security by enabling digital 

monitoring and timely in-app notifications. This aligns with UTARôs commitment to 

smart solutions that optimize resource use and improve user experience on campus. 
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1.2  Objectives 

The aim of this project is to develop a smart parking system to address UTAR's parking 

issues while enhancing campus security. At its core, this initiative centers on five key 

objectives, each pivotal in reshaping the parking landscape within UTAR's campus. 

 

Building a UTAR Carpark Management App Using FlutterFlow 

The foundational objective of this project is to create a user-friendly mobile application 

for UTAR carpark management using FlutterFlow. This app stands as the primary 

interface for users, offering seamless access to various parking management 

functionalities. Leveraging FlutterFlow's cross-platform capabilities, the goal is to 

create an intuitive and user-friendly application interface. This app will enable efficient 

navigation and utilization of the smart parking system, inclusive of both a user-friendly 

mobile application and an intuitive dashboard interface. Through this, users can access 

parking information and effectively manage parking spaces within the Kampar campus. 

 

Developing a Robust OCR for Car Plate Recognition 

The core technological focus is on developing a robust OCR system capable of 

accurately recognizing and interpreting license plate information under various weather 

conditions, such as rain or heavy sunlight. The goal is to ensure consistent performance 

of the OCR technology across different environments, maintaining accuracy in license 

plate recognition. This reliability is essential for correctly detecting and displaying 

information, such as the car's authorization, regardless of weather conditions. 

 

Designing a Labelling System for Parking Bays in UTAR 

Implementing a structured labelling system for parking bays within the UTAR campus 

is crucial. This system involves categorizing and assigning distinct identifiers to each 

parking space. Each camera is assigned to capture a specific range of parking lots, 

ensuring that even if some parking lot views overlap between two cameras, each 

parking lot is assigned to only one camera. This prevents overlapping detection and 

ensures the accuracy of the parking counter. These labels facilitate the identification of 

available parking spots and enable the system or cameras to accurately detect 

occupancy status. This organized approach supports efficient parking space allocation, 

allowing users of the app to easily identify and navigate to available parking spots. 
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Providing Real-Time Parking Zone Monitoring with Live Availability and Visual 

Updates 

This feature provides users with live updates on parking availability across various 

campus zones, allowing them to monitor real-time parking conditions. The system 

displays both the number of available parking bays and the most recent visual feed from 

cameras placed in each parking zone. By presenting up-to-date occupancy data, users 

can quickly assess where parking spaces are available and make informed decisions, 

optimizing their parking search. This capability significantly enhances convenience by 

reducing the time spent searching for a vacant parking spot, particularly in large, 

crowded areas. The visual feed further aids users in confirming parking space 

availability and helps them navigate to the right areas with ease, improving the overall 

parking experience across campus. 

 

Alerting Users on Full Parking Areas Through In-App Notifications 

This functionality keeps users informed by sending notifications when specific parking 

areas on campus are fully occupied. The system continuously monitors the status of 

each parking zone via connected cameras, tracking the availability of spaces in real 

time. When a parking zone reaches full capacity, users are immediately alerted through 

in-app notifications, which highlight the specific area that is no longer available. This 

timely alert system prevents users from wasting time driving through already full areas, 

especially during peak parking hours. By notifying users about full zones, the feature 

not only saves time but also helps reduce congestion and frustration, providing a 

smoother and more efficient parking experience. The real-time nature of these alerts 

makes the system highly responsive, ensuring that users are always aware of the latest 

parking status. 
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1.3  Project Scope and Direction  

This project will deliver a smart parking management system that integrates both 

hardware and software components to efficiently manage parking at UTAR Kampar. 

The system will utilize a Raspberry Pi and Raspberry Pi Camera to detect parking space 

availability and recognize car license plates using Optical Character Recognition 

(OCR) technology. This enables real-time vehicle detection and authorization, ensuring 

efficient and secure management of parking spaces. 

 

The final output will be a user-friendly application that displays a dashboard of the 

parking system, providing real-time information on parking availability and vehicle 

entry data. The application will not only allow users to easily locate available parking 

spots but will also enable administrators to monitor parking activities, identify 

unauthorized vehicles, and enforce parking regulations effectively. Additionally, the 

system will maintain a log of all vehicles entering and exiting the premises, which can 

be valuable for security purposes and incident tracking. By offering a centralized 

platform for both users and administrators, this application will simplify the 

management of parking operations, enhance campus security, and significantly 

improve the overall parking experience for all users. 

 

1.4  Contributions 

This project aims to significantly improve the UTAR community's experience by 

addressing the critical issue of parking management with a smart, technology-driven 

solution. By utilizing OCR technology and a real-time dashboard application, the 

project will enhance the efficiency of parking space utilization, reduce congestion, and 

increase security on campus. These advancements will create a more organized and 

stress-free environment for students, faculty, and visitors, ensuring that those with valid 

permits can easily access parking spaces. Beyond alleviating current parking 

challenges, this project provides a scalable model for other institutions facing similar 

issues, demonstrating the potential for technology to bring practical improvements to 

everyday campus life. 
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The significance of this project extends well beyond the immediate benefits to UTAR. 

By illustrating how modern technologies like AIoT and OCR can effectively address 

common logistical problems, this project sets a precedent for future innovations in 

smart campus management. The user-friendly application not only improves parking 

processes but also serves as a proof of concept for integrating advanced technologies 

into campus operations. This project has the potential to transform parking management 

into a more efficient, user-centric, and secure system, making it a valuable contribution 

to both academic research and practical applications. Readers will gain valuable 

insights into how targeted technological solutions can resolve persistent issues and 

improve the quality of life on campus, demonstrating the far-reaching impact of 

innovative problem-solving approaches. 

 

1.5  Report Organization 

This report is structured into six chapters, each addressing a specific phase of the 

project. Chapter 1 introduces the Smart Parking Management System by outlining the 

background, problem statement, motivation, objectives, project scope, contributions, 

and the overall direction of the study. Chapter 2 presents the literature review, focusing 

on previous works related to OCR and Automatic License Plate Recognition (ALPR), 

the use of Convolutional Neural Networks (CNN), the evolution and technical steps of 

OCR technology, the implementation of AIoT cameras, and a critical analysis of 

existing systems. Chapter 3 discusses the system design, detailing both the hardware 

and software architecture, camera positioning, user interface layout, and the database 

structure used to support real-time monitoring and license plate recognition. Chapter 4 

covers system implementation and testing, including the development of the OCR 

module, the integration of Raspberry Pi and cameras, and the construction of the mobile 

application using FlutterFlow, followed by a description of the testing procedures and 

performance evaluation. Chapter 5 presents the system outcomes and discussion, 

analyzing the results, identifying key contributions, and reflecting on the strengths, 

limitations, and real-world applicability of the proposed solution. Finally, Chapter 6 

concludes the report by summarizing the key findings, highlighting the projectôs 

achievements, and suggesting potential improvements and future enhancements to 

further advance the smart parking system.
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Chapter 2 

Literature Review 

 

2.1  Previous Works on ALPR/OCR 

ALPR is a technology that uses optical character recognition to automatically 

read and capture the license plate number of vehicles [2]. The development of a 

conventional ALPR system can be divided into four steps, as shown in Figure 2.1 [3]. 

 

 

Figure 2.1 Conventional ALPR System 

 

The initial functions of vehicle image capture and number plate detection involve 

identifying the vehicle and capturing an image to identify potential regions that may 

contain the license plate. Concerning character segmentation, its primary role is 

isolating foreground characters from the background within the detected license plate 

area. The character recognition step employs methods aimed at identifying and 

interpreting these characters.  

 

 

In [4], a system was proposed to read frames of a camera and recognize the characters 

present on license plate in real-time. Figure 2.2 shows the flowchart of the algorithm. 
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Figure 2.2 Flowchart of the Algorithm 

 

When a vehicle is detected by smart parking service, the algorithm initiates the plate 

localization process to extract the license plate from the vehicle image. This involves 

identifying rectangular objects within the vehicle image, which are likely to be license 

plates. Upon locating a plate, the algorithm isolates and creates a new image specifically 

containing the plate area. Subsequently, the algorithm engages in pre-processing the 

plate image to address environmental variations such as illumination, background 

discrepancies, and texture differences. To mitigate potential image noise, a bilateral 

filter [5] is applied as part of the pre-processing stage, aimed at smoothing the image. 

Following the pre-processing step, the algorithm utilizes Tesseract [6] to perform 

character recognition on the plate image. Refer to Figure 2.3 for a detailed algorithmic 

representation, and Figure 2.4 for the result of the algorithm using image taken from 

sensors. 
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Figure 2.3 Detailed Algorithm 
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Figure 2.4 Algorithm Applied to Detect the Characters 

 

As can be seen in the proposed algorithm from previous work, the sequence initiates by 

activating the video camera. Subsequently, the camera reads and adjusts the frames' 

size (lines 2, 3), scaling them based on the camera's distance from the vehicle to enhance 

the plate's perspective. Following this, filters (lines 4 to 7) are employed to identify 

image contours. Initially, as shown in Figure 2.4(b), a grayscale filter is applied, 

succeeded by a bilateral filter to eliminate image noise while preserving edge details, 

as portrayed in Figure 2.4(c). The ensuing step involves edge detection, displayed in 

Figure 2.4(d). A loop commences at line 11, seeking the rectangle encompassing the 

plate numbers. Once identified, this rectangle is cropped (line 19) from the main frame. 

Subsequently, lines 21 to 31 illustrate the preprocessing steps applied to the cropped 

image, resulting in Figure 2.4(f). Finally, character recognition is conducted at line 34 

within the algorithm. 

 

In [7], the authors discuss the implementation of ALPR which involves capturing 

license plate images using cameras and processing them through various stages. The 

process begins by detecting possible license plate locations in an image, followed by 
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character identification through OCR to convert the plate image into text for further 

analysis. The workflow of ALPR, as depicted in Figure 2.5 included: 

(a) Given image Ą (b) Detector Window Ą (c) HOG Ą (d) Detection Ą (e) NMS Ą 

(f) License Plate Ą (g) Segmentation Ą (h) Region of Interest Ą (i) HOG of ROI Ą 

(j) Result. 

 

 

Figure 2.5 ALPR Workflow 

 

To extract the license plate from an image, the authors employ a HOG Descriptor and 

a Linear SVM-based window classifier. The SVM-based window classifier uses a grid 

of overlapping blocks to extract HOG feature vectors representing object categories. 

This approach divides the frame into spatial regions, analysing gradient orientation and 

magnitude to differentiate between plate and non-plate areas [8].  

 

The detection window scans the entire image at various positions and scales, employing 

NMS to identify object instances and generate license plate candidates. These 

candidates undergo several processes. Initially, they are converted to binary images and 

labelled using a method to identify interconnected pixels [9]. This step aims to isolate 

character-containing regions and filter out non-character elements. Subsequently, a 
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filtration process occurs based on given character boundaries, segmenting characters 

for recognition. Finally, character recognition occurs through SVM classification, 

where characters are extracted as Hog features and classified to produce readable 

strings. 

 

In [10], the authors developed an ALPR system tailored for Indian license plates. Their 

system implemented the Tesseract LSTM OCR engine to accurately segment and 

recognize license plates, as shown in Figure 2.6. 

 

 

Figure 2.6 Smart Gate Entrance System 

 

To detect license plates, they utilized a Faster-RCNN network incorporating the RPN 

for object detection. Furthermore, the system employed pre-processing techniques like 

gray scaling, Gaussian blurring, and adaptive thresholding for binarization. As a result 

of these methods, the system achieved an impressive recognition accuracy of 95%. 

 

 

The table 2.1 shows the summary table of the works on OCR for ALPR. This summary 

encapsulates the methodologies, main techniques, detection method, character 

recognition, pre-processing and reported recognition accuracy from various studies 

focusing on ALPR and OCR technologies for license plate recognition. 
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Table 2.1 Summary Table of Previous Work Review on ALPR/OCR 

Previous Work [2] [3] [6] [9] 

Methodology Conventional 

ALPR system 

development 

Real-time 

plate 

recognition 

system 

ALPR with 

HOG 

Descriptor and 

Linear SVM 

ALPR system 

for Indian 

license plates 

Main 

Techniques 

Vehicle image 

capture, number 

plate detection, 

character 

segmentation, 

character 

recognition 

Plate 

localization, 

image pre-

processing, 

character 

recognition 

using 

Tesseract 

License plate 

location 

detection, 

character 

identification 

using OCR 

 

Faster-RCNN 

network for plate 

detection, pre-

processing 

techniques, 

Tesseract LSTM 

OCR engine 

Detection 

Method 

- Smart Parking 

Service 

HOG 

Descriptor & 

Linear SVM 

Faster-RCNN & 

RPN 

Character 

Recognition 

- Tesseract SVM 

classification 

Tesseract LSTM 

Pre-processing - Bilateral filter Grayscale, 

blurring, 

thresholding 

Grayscale, 

blurring, 

thresholding 

 

Recognition 

Accuracy 

Not specified Not specified Not specified 95% accuracy 
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2.2  Convolutional Neural Networks (CNN) 

A CNN is a subset of Deep Neural Networks designed for image classification and 

analysis. In CNNs, each layer's output relies on a limited number of inputs, enhancing 

their ability to learn effectively from smaller datasets and reducing overfitting [11]. 

 

The typical CNN was proposed in 1998 [12]. In the Network as shown in Figure 2.7, 

the inputs pass through five convolutional layers and activate functions (e.g., the 

Sigmoid function) and eventually reach a fully connected layer, whose outputs are used 

as predicting factors in classification. 

 

Figure 2.7 The Architecture of a Typical CNN 

 

In the image encoding module, a Convolutional Neural Network (CNN) is utilized to 

encode the key features of an input text image, representing them as a sequence of 

feature vectors [13], with each vector corresponding to a specific local region of the 

input image. Unlike the sub-images used in segmentation-recognition methods, which 

are expected to contain complete letters or characters from the text image, the local 

regions here are simply vertical strips of the input image with a pre-defined width. This 

approach simplifies the process of obtaining these regions. A straightforward method 

for image encoding involves first slicing the input text image into vertical sections, and 

then applying a CNN of consistent structure and parameters to these sections, 

generating a sequence of feature vectors. This is known as the cutting-encoding 

approach. 

 

Alternatively, a larger CNN can be applied to the entire input text image at once, and 

the resulting feature map can then be divided into a sequence of feature vectors, each 

representing one local region. The key advantage of this encoding-cutting approach is 

that it allows image information from adjacent regions to flow across the boundaries, 
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leading to more robust and informative feature vectors. In practice, the CNN can be 

configured with various architectures such as AlexNet [13], VGGNet [14], GoogleNet 

[15], ResNet [16], among others. Given the rapid advancements in computer vision and 

the continual introduction of new CNN architectures, the image encoding module can 

be updated to achieve state-of-the-art performance. However, as the network becomes 

deeper and more complex, the demands for training data and computational resources 

also increase. In some cases, the encoding module can be skipped by directly utilizing 

the features extracted by the text detection method from the earlier stages of the 

pipeline. 

 

Figure 2.8 illustrates the functioning of CNN layers using an example of classifying 

handwritten digits [17]. Additionally, Table 2.2 provides a detailed explanation of the 

process where a 32x32-pixel handwritten digit is subjected to a series of CNN layers 

[18]. 

 

Figure 2.8 Architecture of the CNNs Applied to Digit Recognition 
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Table 2.2 Explanation of CNN Layers 

Layer Explanation 

C1 The initial convolutional layer comprising six 5x5 kernels that scan the input image, 

producing six 28x28 output images. This layer typically detects fundamental 

features like edges and corners. 

S2 Following C1, this layer is an average pooling or subsampling layer. It reduces each 

group of four pixels in the C1 output to a single pixel, effectively halving the size 

of the six 28x28 images to six 14x14 images. 

C3 The second convolutional layer, housing 16 5x5 kernels that operate on the six 

14x14 images from S2, generating 16 images of size 10x10. 

S4 Another average pooling layer, scaling down the sixteen 10x10 images to sixteen 

5x5 images. 

C5 This fully connected convolutional layer contains 120 outputs. Each of the 120 

output nodes connects to all 400 nodes (5x5x16) stemming from S4. The output 

here transforms from an image to a 1D array with a length of 120. 

F6 Another fully connected layer, mapping the 120-array to a new array with a length 

of 10, where each element corresponds to one of the ten handwritten digits (0-9). 

Output 

Layer 

A softmax function applied to the output of F6, transforming it into a probability 

distribution of ten values summing up to 1, representing the likelihood of each digit 

class. 

 

A CNN architecture typically contains a convolutional layer, a pooling layer, a fully 

connected layer and an output layer [19]. 

Convolutional Layers 

These layers employ various filters to extract features within their immediate proximity, 

acting as feature extractors. In a given convolutional layer ὰ, assuming ὲ[ὰ] filters of size 

3×3 represented as ὡ[ὰ]ᶰ 3×3×ὲ[ὰ] where ὲ[ὰī1] denotes the number of filters in the 

preceding layer. Employing a stride of [1,1], these filters traverse the entire input 

feature map. The resulting output characteristics are ὣ[ὰ]=Ὢ ( 7ÌȟÎἆ9Ì ρ

ÂÌ ) where Ὢ(ὃ⅞.) signifies a non-linear activation function like ReLU or ELU. 

Additionally, for the initial layer in the network, if ὣ[ὰī1] denotes the input image 

ὢɴ ύĬ Ĭ1, zero-padding the matrix margins, known as same padding, is employed to 

maintain the invariant size of input matrices and retain maximal margin information.  
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Pooling Layers 

Responsible for feature selection and parameter reduction, pooling layers, also referred 

to as subsampling layers, execute a pooling function for every feature map patch. 

Typically, there are two kinds of pooling. The first pooling is the average pooling, 

computing the average value. Figure 2.9 shows the second process, maximum pooling, 

which calculating the largest value [20]. 

 

Figure 2.9 Maximum Pooling 

 

Fully Connected Layers 

Similar to multilayer perceptrons, fully connected layers consist of numerous neurons 

in each layer. The feature maps from the final pooling layer are flattened into a vector 

for these layers. Various nonlinear activation functions like ReLU, tanh, and sigmoid 

can be utilized. Figure 2.10 show the fully connected layer [21]. 
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Figure 2.10 Fully Connected Layer 

 

 

Output Layer  

Serving as a fully connected layer, the output layer generates the final classification 

results by computing the input with a weight matrix, adding a bias vector, and then 

applying a softmax function [22]. Each prediction falls within the range [0,1], computed 

as: ώ⅞ὧ= 
В

, c=1, 2, .... C where C represents the number of classes, and ᾀὧ denotes 

the input of the ὧὸ output neuron corresponding to the ὧὸ class. 
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2.3  Optical Character Recognition (OCR) 

OCR involves extracting and converting handwritten or typed text from various sources 

like images, videos, or scanned documents into editable digital formats like txt or docx. 

This field within artificial intelligence is closely associated with computer vision and 

pattern recognition [23]. Integrating ML and AI has significantly enhanced OCR 

systems, elevating accuracy and performance levels to unprecedented heights [24]. 

These advancements enable systems to adapt to diverse layouts, fonts, and styles, 

boosting versatility and precision. Beyond research, OCR applications span numerous 

fields, from digitizing historical texts to automating license plate identification on 

vehicles. Its integration with cameras plays a crucial role in law enforcement, traffic 

monitoring, and parking enforcement, impacting various industries significantly.  

 

 

2.3.1  The Brief History of OCR Technology 

The table 2.3 displays the timeline outlining the brief history of OCR technology, 

encompassing various periods: early concepts (1920s-1930s), the advent of the first 

OCR machine (1950s), advancements in pattern recognition, ICR and MICR 

technologies (1960s-1970s), progress in digital OCR (1980s-1990s), emergence of 

commercial OCR software (1990s), the introduction of Tesseract OCR (2005), the 

revolution of deep learning (2010s), and the integration of OCR technology into 

everyday life (Present-day) [25]. 
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Table 2.3 Timeline of OCR Technology 

Time Period Summary 

1920s - 1930s During this era, the foundations of OCR technology were laid. Emanuel 

Goldberg developed a machine for character recognition and document 

retrieval. Subsequently, Gustav Tauschek innovated with the Analog 

Reading Machine, advancing character recognition further. 

1950s The 1950s marked the emergence of the first official OCR machines. 

David Shepard and Harvey Cook Jr. introduced the GISMO, followed by 

the establishment of the first commercial OCR by Intelligent Machines 

Research Co. (IMR). 

1960s - 1970s MIT's research group focused on enhancing OCR's software capabilities, 

introducing the Hough Transform Technique for data capture. This 

period also witnessed the birth of ICR and MICR technologies, refining 

OCR for handwritten and magnetic ink characters. 

1980s - 1990s OCR shifted towards digital imaging, improving algorithms for diverse 

fonts, layouts, and multilingual support. Software advancements led to 

practical commercial systems, reducing reliance on hardware 

improvements. 

1990s The 1990s saw the widespread availability of commercial OCR software 

from companies like ABBYY, Adobe, and Nuance. These tools 

revolutionized document digitization and workflow efficiency. 

2005 The open-source revival of Tesseract OCR by Google brought significant 

advancements, incorporating machine learning and demonstrating 

exceptional accuracy in text extraction from various sources. 

2010s The integration of neural networks, particularly CNNs and RNNs, 

revolutionized OCR technology, drastically increasing accuracy to nearly 

99%. This era brought significant improvements in interpreting 

handwritten text and complex document structures. 

Present-day OCR technology has become integral to various industries, enabling 

automated document processing without bulky machines. Its applications 

span across real estate, finance, insurance, healthcare, and more, 

streamlining document digitization processes. 
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2.3.2  Steps Involve in OCR 

Building an OCR engine involves several key steps that researchers commonly follow 

to ensure optimal character recognition. Refer to Figure 2.11 [26]. 

 

Figure 2.11 Major Steps Involve in Character Recognition 

Optical scanning begins by capturing an image of the original document, ideally using 

a high-quality scanner with advanced sensing tools and a reliable transport mechanism. 

Pre-processing follows, where various operations like noise removal and character 

clarity enhancement are performed to prepare the image for segmentation. This includes 

converting the image to grayscale, binarization, thinning, skew correction, and 

normalization. The segmented image is then divided into subcomponents, starting with 

horizontally separating characters, then splitting words from sentences, and finally 

isolating individual characters for further processing. Feature extraction plays a key 

role by identifying distinguishing patterns from these characters, allowing the system 

to differentiate between them. For training and recognition, OCR pattern recognition 

methods such as template matching, statistical techniques, or neural networks are 

employed to ensure adaptability, especially when dealing with incomplete vocabulary. 

In the post-processing stage, tasks like grouping, error detection, and correction are 

carried out, with context-based error detection improving identification accuracy, even 

though achieving 100% accuracy remains challenging. 
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2.4  AIoT camera 

ALPR cameras continually surveil specific areas such as roads or vehicle entrances. 

These cameras typically emit IR light, which reflects off license plates, aiding the traffic 

monitoring camera in locating and isolating them within the image. Utilizing OCR 

technology, ALPR cameras can decipher license plates in various weather conditions, 

eliminating the necessity for human involvement in the process. Moreover, ALPR 

cameras often gather multiple frames or images and autonomously determine the 

optimal ones for accurate license plate reading [27]. 

 

The integration of AI with IoT technologies has led to the development of innovative 

camera systems, particularly in the realm of LPR [28]. AIoT-based camera systems 

have evolved into two primary categories which include Fixed AIoT Camera Systems 

and Mobile AIoT Camera Systems. 

 

Fixed AIoT Camera Systems leverage the synergy of AI and IoT technologies within a 

stationary setup. These systems are strategically installed at specific locations and are 

designed to remain stationary, providing precision in capturing license plates. 

Comprising advanced cameras and sophisticated software, they excel in real-time 

monitoring of large vehicle volumes, commonly employed in toll booths, parking lots, 

and other areas requiring continuous vehicle surveillance. Key considerations when 

selecting a fixed AIoT system involve computing capabilities, accuracy in diverse 

conditions, and scalability to link with multiple cameras. Essential features encompass 

robust CPUs, PoE support, and operational adaptability across varying temperature 

ranges. 

 

In contrast, Mobile AIoT Camera Systems offer dynamic monitoring capabilities 

through mobile and flexible deployment. These systems typically incorporate cameras 

mounted on vehicles or handheld devices, granting mobility and adaptability. Law 

enforcement agencies leverage these systems for their versatility, enabling deployment 

across diverse locations and facilitating comprehensive coverage areas. With the ability 

to move and cover multiple sites, mobile AIoT systems excel in patrol applications. 

Crucial considerations in selecting these systems include computing capacity, accuracy 

in challenging environmental conditions, and the capacity to interface with multiple 
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cameras. Features such as wide temperature operational range, durable construction, 

and flexible installation options are pivotal in their utility. 

 

Overall, AIoT-based camera systems, whether fixed or mobile, represent a significant 

technological advancement in License Plate Recognition. The integration of AI and IoT 

technologies enhances precision, scalability, and adaptability in monitoring and 

recognizing license plates, catering to diverse operational needs across surveillance, 

enforcement, and security applications. The selection of these systems necessitates 

careful consideration of their technological capabilities, environmental adaptability, 

and operational requirements, offering tailored solutions for efficient and effective 

license plate recognition. 
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2.5  Critical Remarks of Previous Works 

Table 2.4 Strength and Weakness of Previous Works 

Aspect 
Strengths of 

Previous Works 

Weaknesses of 

Previous Works 
Proposed Solution 

Real-Time 

Processing 

Efficient real-time 

license plate 

recognition for 

immediate vehicle 

identification. 

Sensitive to 

environmental 

changes like poor 

lighting or 

shadows, impacting 

real-time accuracy. 

Enhances real-time 

processing with AIoT 

and OCR technologies, 

improving performance 

under various 

conditions. 

Accuracy 

High accuracy in 

controlled 

environments, using 

advanced OCR 

techniques for 

reliable character 

recognition. 

Accuracy drops in 

adverse conditions 

such as bad 

weather, different 

lighting angles. 

Uses adaptive 

algorithms to maintain 

high accuracy even in 

challenging 

environmental 

conditions. 

Scalability 

Capable of handling 

large volumes of 

vehicles, suitable for 

urban settings. 

Small coverage 

area of camera 

increases costs and 

make scalability 

challenging. 

Utilizes cost-effective 

components to reduce 

setup and maintenance 

costs, improving 

scalability. 

Implementation 

Complexity 

Established 

infrastructure and 

advanced algorithms 

provide robust 

performance. 

High initial setup 

costs and complex 

maintenance due to 

need for specialized 

equipment and 

technical support. 

Streamlined 

implementation with 

simpler hardware and 

efficient software, 

reducing complexity 

and costs. 

Adaptability to 

License Plate 

Formats 

Can handle standard 

license plate formats 

efficiently. 

Limited 

adaptability to 

diverse license 

plate designs and 

formats, reducing 

effectiveness in 

different regions. 

Incorporates machine 

learning models 

adaptable to various 

license plate formats, 

ensuring broader 

applicability. 
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Chapter 3 

System Methodology/Approach  

 

3.1 System Design Diagram 

This chapter outlines the design of the Smart Parking Management System by 

presenting its architecture, functionality, and user interactions through a series of visual 

models. These models include the system architecture diagram, use case diagram, and 

activity diagram, each serving to illustrate specific aspects of the systemôs structure and 

behavior. 

 

3.1.1 System Architecture Diagram 

 

 

 

Figure 3.1 System Architecture Diagram 
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Entrance Camera Module  

The Entrance Camera plays a pivotal role in the conceptual design of the vehicle 

recognition process, as it is intended to capture the license plate of each vehicle entering 

the parking area. Ideally, the camera would be strategically positioned at the parking 

lot entrance to ensure it captures all incoming vehicles, with a focus on obtaining clear, 

high-resolution images of license plates. However, at this stage of the project, this 

feature remains unimplemented due to hardware constraints, specifically the limited 

availability of Pi cameras, and permission-related issues that restrict physical 

installation and testing. As an alternative, the system concept was validated using static 

image input to simulate the license plate detection and recognition process. 

 

After an image of a vehicle is obtained, the system proceeds to extract the license plate 

number using Optical Character Recognition (OCR). OCR algorithms, such as 

EasyOCR, are employed to convert the text on the license plate from an image into 

machine-readable characters. This extracted text, which serves as the vehicleôs license 

plate number, becomes a key identifier for verification. The recognized number can be 

cross-check against a predefined database of authorized vehicles. If a match is found, 

the vehicle is marked as "authorized"; otherwise, it is classified as "unauthorized." Both 

the recognition result and the authorization status are communicated to the backend 

system for record-keeping and possible follow-up actions. 

 

Although the real-time hardware deployment could not be realized in this stage, the 

entire detection and recognition process was effectively demonstrated using image-

based input in a cloud environment. This simulation confirms the feasibility and 

robustness of the proposed approach for automated vehicle verification and access 

control in a smart parking system. 
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Parking Camera Module 

The Parking Camera uses a Raspberry Pi Camera 3 to monitor the parking lot, capturing 

images every 30 seconds to track the availability of parking spaces. The camera 

provides a real-time visual representation of the parking lot, focusing on the parking 

spaces where vehicles can park. Unlike the Entrance Camera, which deals with license 

plate recognition, the Parking Camera focuses on the visual detection of vehicles within 

predefined parking spaces. 

 

Once an image is captured, the system applies boundary boxes to highlight each 

individual parking space in the lot. These boundary boxes are defined in advance and 

are used to demarcate the physical parking spaces, allowing the system to track 

occupancy in each area. The next step involves detecting the presence of vehicles using 

object detection techniques like YOLOv8, a state-of-the-art deep learning model for 

real-time object detection. YOLOv8 identifies objects in the image, but if a car is 

detected in a specific parking space, the system classifies that space as occupied. 

 

Upon detecting a vehicle, the system marks the parking space as occupied by changing 

its visual representation, typically turning the parking space red. This change in colour 

visually indicates to users that the parking space is no longer available. Additionally, 

the system labels each parking space with an identifier, such as 1, 2, 3, and so on, which 

makes it easier to reference specific parking spaces in both the mobile app and backend 

system. These labelled parking spaces are then stored in the backend along with their 

current status (whether they are occupied or available). The processed image, which 

includes the boundary boxes, detected vehicles, and parking space labels, is also sent 

to the backend for further use. 
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Backend Server  

The backend server is the central hub of the system, responsible for storing and 

managing the data generated by the Entrance Camera and Parking Camera, and for 

serving that data to the mobile app. Firebase, a powerful and scalable cloud-based 

platform, is used as the backend in this system due to its robust real-time database 

capabilities, authentication services, and ease of integration with mobile applications. 

 

First, the backend should be able to store the results from the OCR process carried out 

by the Entrance Camera in the future. Alternatively, a list of the vehicle's license plate 

numbers is predefined as authorized, allowing the app to check authorization by 

matching with the data in the database. This data is critical because it helps the system 

control access to the parking lot. For example, security or admin can view unauthorized 

vehicle entry records, and further action can be taken immediately to ensure campus 

safety. 

 

Secondly, the backend server stores the parking status of each parking space, which 

includes whether a parking space is occupied or available. The status of each space is 

updated in real-time as the Parking Camera detects vehicles entering or leaving the 

parking lot. These updates are stored in the Firebase database, where they can be 

retrieved by the mobile app to provide users with real-time parking availability. 

 

Additionally, the backend stores the processed images sent by the Parking Camera, 

which show the parking lotôs current state with boundary boxes, vehicle detection, and 

space occupancy marked. These images are not only used for reference but can also be 

sent to the mobile app, allowing users to visually confirm the current status of the 

parking lot. The backend ensures that all this data is readily accessible to the mobile 

app in a timely manner, providing a seamless user experience. 
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Mobile Application 

The mobile application is the front-facing component of the system. It is designed to 

allow users to view real-time information about the parking lot, including the 

availability of parking spaces and the authorization status of vehicles. The app is built 

using FlutterFlow, which is a low or no-code platform that allows for rapid 

development of mobile apps with an intuitive user interface. 

 

The app continuously communicates with the backend to display the current status of 

the parking lot. Users can view a real-time visual representation of the parking lot, 

which shows each parking space's status. Available parking spaces are typically marked 

in green, while occupied spaces are highlighted in red, making it easy for users to 

identify open spaces. Additionally, the app provides a count of empty spaces for each 

zone or blockôs carpark, allowing users to quickly find an available parking space based 

on their location. 

 

The app also displays the authorization result. When a car plate number is recorded, it 

will be compared with the predefined data in the database. Once it matches the plate 

number in the database, it will show as 'authorized'; otherwise, it will display as 

'unauthorized.' This authorization status can be viewed in the Entry Record tab. 

 

Furthermore, the app sends notifications to users when the parking lot is nearing full 

capacity or when certain sections of the lot are completely occupied. These notifications 

help users avoid unnecessary trips to a full parking lot, making the parking experience 

more efficient. The mobile app is, therefore, the interface through which users interact 

with the system in real-time, making it an essential component of the overall parking 

management solution. 

 

The system is designed for efficient and seamless data flow between its components. 

The Entrance Camera captures the vehicle license plate, extracts it using OCR, and 

matches it with the authorized vehicle database. The Parking Camera continuously 

captures images of the parking lot, detects vehicle presence, and updates the occupancy 

status of each parking space. Both cameras send their respective data (OCR results for 
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the entrance camera and parking space status for the parking camera) to the backend 

server. 

 

The backend server stores all the data and serves it to the mobile app in real-time. The 

app then provides a user-friendly interface that displays the parking lotôs current status, 

vehicle authorization information, and notifications about parking availability. This 

setup ensures that the system is dynamic, providing up-to-date information at all times 

and making it easy for users to navigate the parking lot efficiently. 

 

This system architecture is designed to be highly efficient, with real-time data 

processing and seamless integration across the components. Each component plays a 

critical role in ensuring that the parking lot operates smoothly, from vehicle entry 

authorization to monitoring parking space occupancy. The use of Raspberry Pi cameras, 

OCR technology, and object detection models ensures accurate data capture, while the 

backend server ensures this data is stored and served efficiently to the mobile app. The 

mobile app, in turn, provides users with an intuitive interface for real-time parking 

management, making the entire system both practical and user-friendly. 
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3.1.2 Use Case Diagram and Description 

 

 

 

 

Figure 3.2 Use Case Diagram 
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The system involves three key user roles: Admin using the mobile application, Admin 

accessing the Firebase Console, and Student or Staff users. Each role interacts with the 

system through specific features based on their permissions and responsibilities. 

 

For the Admin who accesses the system through the mobile application, the process 

begins with logging in to the app. This login process includes an authentication step, 

ensuring that only authorized personnel can gain access. Once authenticated, the admin 

can monitor the status of the system through the app interface. This monitoring function 

allows the admin to view real-time data on parking activities, access detailed 

information about individual parking bays, and check the authorization status of 

vehicles, such as whether they are registered or allowed to park. These features provide 

essential insights for maintaining order in the parking system and ensuring its smooth 

operation. 

 

The second type of admin interacts with the system through the Firebase Console, 

focusing more on backend management tasks. This admin can access the Firebase 

platform to monitor the real-time database that stores all relevant parking data. In 

addition, they are responsible for managing the structure of the database. This includes 

adding, modifying, or organizing data collections to support consistent and accurate 

system behavior. These responsibilities are crucial in ensuring that the backend of the 

parking system functions reliably and can scale as needed. 

 

Student and Staff users primarily use the mobile application to access services related 

to parking. When they open the app, they are required to log in using their credentials. 

This action includes an authentication step to verify their identity. Upon successful 

login, they can view the current availability of parking spaces, which is made possible 

by retrieving real-time data from the database. Additionally, users have the option to 

check the live camera feed of Block N, enabling them to observe the parking condition 

before making decisions. The system also includes a notification feature designed to 

inform users when the car park is full. This notification is only triggered if the system 

detects that all spaces are occupied, ensuring users receive timely and relevant alerts. 

Overall, this smart parking system enhances convenience for users while enabling 

efficient monitoring and management for administrators. 
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3.1.3 Activity Diagram  

 

 

Figure 3.3 Activity  Diagram 
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The activity begins with the first page of the mobile application, which acts as the 

welcome screen. When the application is launched, the user is presented with a "Get 

Started" button. This action serves as the initial point of engagement and directs the 

user to the login interface. It provides a smooth transition from the introductory screen 

to the core functionality of the application. 

 

Upon reaching the login page, the user is prompted to enter their email and password 

credentials. After filling in the required fields, the user proceeds by tapping the "Sign 

In" button. At this stage, the system performs a validation check to ensure that both the 

email and password are correct. If the email is invalid or the password does not match, 

or if both entries are incorrect, the system displays a SnackBar message "Invalid 

email/password". The user remains on the login page and is encouraged to re-enter valid 

credentials. Only when both the email and password are confirmed to be valid does the 

system allow the user to proceed to the next interface. 

 

Once the login is successful, the user is directed to the home page. This serves as the 

central dashboard where essential functions are made available. On this page, the 

system greets the user by displaying their name. One of the key features on the home 

page is the ability to view real-time parking availability. The system updates this 

information to reflect the current status of parking bays across zones, helping users to 

quickly identify available spaces. 

 

In the background, as the user accesses the home page, the system automatically checks 

whether the specific parking area, particularly within Block N, is full. If the parking 

area is detected to be full, the system triggers a notification to inform the user. Upon 

tapping the notification, a pop-up message appears to alert the user that no parking bays 

are currently available. If the parking area is not full, the system disables this 

notification to avoid sending unnecessary alerts. This real-time feedback mechanism 

ensures that users are kept informed about parking conditions as soon as they access 

the application. 
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Additionally, the home page includes a tab for viewing entry records. When the user 

selects this tab, the system compares license plate numbers detected with records stored 

in the authorization database. If a match is found, the vehicle is labelled as authorized. 

If there is no match, the system displays the vehicle as unauthorized. This functionality 

supports effective monitoring of vehicle entry and enhances overall security within the 

parking area. 

 

The home page also provides an option to view the camera feed for Block N. When the 

user taps on Block N, they are directed to Block N page that displays the latest image 

captured by the installed camera. This page offers a visual representation of the current 

state of the parking zone. Users have the option to tap the "Refresh Now" button to 

force reload and display the most recent image from the camera feed. If the user chooses 

not to refresh, the existing image remains on display, allowing them to observe without 

initiating any new requests. 

 

After viewing the camera feed, the user may choose to return to the home page by 

tapping the "Back" button. If the user decides not to return immediately, they can 

continue viewing the camera feed. Eventually, when the user has completed their 

interaction with the system, they may choose to log out or exit the application, marking 

the end of the activity flow. 

 

This activity sequence reflects a structured and user-centered interaction design. It 

ensures that users are guided clearly from the initial launch to authentication, real-time 

parking updates, live monitoring, and system exit. Each step is supported by automated 

backend processes that maintain data accuracy and deliver timely notifications, 

contributing to a responsive and functional smart parking management system. 
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Chapter 4 

System Design 

4.1 System Block Diagram 

This section provides an overview of the smart parking system by presenting a block 

diagram that outlines the main components and their interactions. The diagram 

illustrates how various modules, including cameras, cloud services, and the mobile 

application, work together to deliver real-time parking updates and license plate 

recognition. Each part of the system is responsible for a specific function, and together 

they support accurate data processing, efficient information flow, and timely updates 

for users. This block diagram serves as a reference to better understand the role and 

connection of each system element, which will be further explained in the upcoming 

component specifications. 

 

 

 

Figure 4.1 Block Diagram of System Overview 
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4.2 System Components Specifications 

4.2.1  Entrance Camera Modules 

 

 

Figure 4.2 Component for Entrance Camera Modules 

The entrance camera modules were the initial stages of the parking management 

process, focusing on car identification and tracking as they enter the parking facility. 

These modules ensure that the system begins monitoring car as soon as they arrive. 

 

License Plate Detection 

This module is responsible for detecting the presence of a carôs license plate as it 

approaches the parking entrance. It employs image processing techniques to isolate the 

Region of Interest (ROI) containing the license plate from the rest of the vehicle. By 

using high-resolution cameras and advanced image processing algorithms, the system 

accurately detects license plates under various lighting conditions and angles. This 

detection module is fundamental for the subsequent recognition step, ensuring that only 

the relevant area is processed further. For implementing the license plate detection 

algorithms effectively, resources from YouTube were referenced for guidance [28]. The 

Malaysia License Plate dataset, consisting of 1,799 images sourced from Roboflow 

[29], was utilized for this project. 

 

The deep learning framework employed in this system is based on the YOLOv8 object 

detection model. YOLOv8 is a fully convolutional neural network (CNN) that 

processes input images by dividing them into a grid and predicting bounding boxes for 

objects within each grid cell. The model utilizes convolutional layers to extract 

important visual features such as edges, textures, and patterns, which are essential for 

detecting license plates in diverse environments. 
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Figure 4.3 provides a simplified overview of the CNN architecture in YOLOv8, 

highlighting its core components: the backbone, neck, and head, which are used for 

feature extraction, multi-scale detection, and object localization [30]. 

  

Figure 4.3 Simplified Overview of the CNN Architecture in Yolov8 

 

The backbone is responsible for feature extraction, using a series of convolutional 

layers to process the input image and create feature maps. These feature maps are then 

enhanced by the neck, which fuses low-level (detailed) and high-level (abstract) 

features to handle objects at different scales. Finally, the head of the network predicts 

bounding boxes and confidence scores for detected objects, isolating the license plate 

from other areas of the image. By leveraging CNN architectures like YOLOv8, the 

system efficiently detects license plates with high accuracy, even in complex scenarios 

involving variations in lighting, angles, and image quality [31]. 

 

License Plate Recognition 

Once the license plate is successfully detected, the system employs OCR to extract the 

alphanumeric characters from the license plate [32]. This recognition process converts 

the visual data into a digital text format, which can then be stored and further processed. 

This step is important for maintaining a precise log of all cars entering the parking area, 

which facilitates efficient tracking, authorization checking, and enhanced security 

measures. The extracted license plate numbers are stored in a centralized database, 

associating each vehicle with a unique identifier. This approach streamlines tracking, 

monitoring, and management within the parking facility. 
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The architecture for license plate recognition typically involves several key 

components. Initially, the detected license plate image is pre-processed to enhance 

character visibility and improve recognition accuracy. This preprocessing might 

include techniques such as noise reduction, contrast adjustment, and image 

binarization. Following preprocessing, the OCR engine analyses the processed image 

to recognize and extract the alphanumeric characters. Modern OCR systems use deep 

learning models, such as CNNs or Transformer-based architectures, to decode text from 

images. These models are trained on large datasets of license plate images to accurately 

identify characters even in varying conditions. The OCR output is then post-processed 

to correct any recognition errors and ensure accurate transcription of the license plate 

number. This often involves techniques like character segmentation, error correction 

algorithms, and validation against known license plate formats. 

 

Finally, the recognized license plate number is stored in the centralized database, where 

it can be linked to vehicle entry logs and used for various applications, such as access 

record, authorization checking and security monitoring. 

 

 

4.2.2  Parking Area Camera Modules 

 

 

Figure 4.4 Component for Parking Area Camera Modules 
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The parking area camera modules are deployed within the parking lot to monitor the 

status of parking spaces and the movement of cars. These modules are essential for 

maintaining real-time visibility of parking occupancy. 

 

Car Detection 

This module is designed to continuously monitor the parking area for the presence of 

cars. Utilizing YOLO v8, an object detection algorithm, the module can identify and 

track cars in real time. The high-speed and state-of-the-art accuracy of YOLO v8 allow 

for efficient monitoring even in busy parking lots with frequent car movements [33]. 

The system detects cars as they enter, exit, or move within the parking area, ensuring 

an up-to-date count of cars and their positions. To achieve an effectively functioning 

parking area module, the first step is to detect the object using YOLO v8. In this step, 

the primary goal is to detect cars visible within the cameraôs view. Figure 4.5 illustrates 

the cars detected in one of the camera views, with the detected cars marked by a green 

bounding box, a red center circle point, and a white label reading 'car'. 

 

 

Figure 4.5 Car Detection from One of the Camera Views 
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Parking Space Detection and Labelling 

To prevent overlapping detection of cars in different camera views, parking space 

detection and labelling are necessary to assign responsibility to specific cameras for 

monitoring individual spaces and managing the counter for each. This module focuses 

on determining the occupancy status of individual parking spaces. By using predefined 

boundaries based on the coordinates of the four points of each parking lot, the system 

defines the specific area for each parking space. Labels are then assigned to each 

parking spot, allowing the system to analyse camera feeds and prevent overlapping 

detection or counting of the same space. By comparing the current state of each space 

against these boundaries, the module provides real-time status updates for every 

parking spot. 

 

 

Figure 4.6 Car Detection in Labelled Bounding Space 

 

As shown in Figure 4.6, if a car is detected inside a defined area, the boundary and label 

of the space will change from green to red, and only the car detected within the defined 

area will be shown with a bounding box. To have clear visualisation, the bounding box 

and center dot point was changed to be view in blue colour from the previous green 

bounding box and red circle point. 
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Parking Space Counter 

Before moving on to the counter module, it is essential to ensure that the car detection 

within the labelled bounding space module is functioning correctly. Initially, the 

method for detecting whether a car was inside the defined space relied on the center 

circle point of the car, as shown in Figure 4.6. However, it was observed that the center 

circle point of cars in spaces no. 5 and no. 7 was very close to the bounding box. This 

approach proved inadequate for accurate detection, as similar angles might lead to 

inaccurate results if the center circle point fell outside the defined area. In such cases, 

the space would be incorrectly considered unoccupied, leading to inaccuracies in the 

parking counter. To address this issue, the center circle point used for detection was 

adjusted to the bottom middle of the car's bounding box, as shown in Figure 4.7. This 

adjustment aims to ensure more reliable parking counter readings. 

 

 

Figure 4.7 Adjustment on Location of Circle Point 

 

Observations indicate that adjusting the detection to the bottom middle of the car's 

bounding box improves accuracy by ensuring the detection point of parked cars remains 

within the bounding box from this angle and reduces errors from similar viewing 

angles. Given the inability to install the camera at an ideal height and the limited 

resources available around the car park, such as a lack of walls or light posts, this is the 

best angle achievable at present. Consequently, this adjustment is particularly effective 

for enhancing detection precision from the current camera angle. 
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Moving on to the implementation of the available parking counter based on the labelled 

spaces in this view, as shown in Figure 4.8. The available spaces are displayed at the 

top left side of this view. 

 

 

Figure 4.8 Integrate All Previous Modules and Display Parking Counter 

 

Integrating data from the car detection and parking space detection and labelling 

modules, the available parking space counter maintains an accurate tally of the number 

of occupied and available parking spaces. This module dynamically updates the count 

as cars enter and leave the designated parking spaces monitored by each camera view. 

By continuously reflecting the current parking situation, the system ensures efficient 

management and enhances user satisfaction by providing up-to-date information on 

parking space availability. This data is crucial for informing drivers about available 

spaces and guiding them to the nearest open spot without wasting extra time. 
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4.2.3  Data Integration and Processing 

 

Figure 4.9 Component for Entrance Camera Modules 

Data integration and processing are central to ensuring that all the information collected 

by the entrance and parking area cameras is utilized effectively. This part of the system 

aggregates data from various modules, analyses it, and provides actionable insights. 

 

Database 

A centralized database serves as the repository for all data collected by the system. This 

includes license plate numbers, car detection logs, parking space statuses, and 

timestamps. The database enables efficient data storage, retrieval, and management, 

providing a historical record of all parking activities. It supports various functions such 

as auditing, reporting, and analysis, which are essential for operational efficiency and 

decision-making. Additionally, it assists security personnel by simplifying the 

identification of unauthorized vehicles. Rather than checking each car sticker manually, 

security staff can swiftly confirm parking authorization through the database records, 

easily locating any unauthorized vehicles. 

 

Event Handler 

The event handler module monitors the system for predefined events, such as a car 

entering the parking lot, a change in the status of a parking space, or a detected full 

carpark. Upon detecting an event, it triggers specific actions, such as updating the 

database, sending notifications to users, or alerting security personnel. The event 
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handler ensures that the system remains responsive and that all relevant parties are 

informed of significant events in real time. 

 

Backend Processing 

Backend processing involves the analysis and correlation of data to provide meaningful 

insights. This module ensures that the data from different sources, such as license plate 

recognition, parking space detection and labelling, are accurately linked. It handles 

tasks like cross-referencing license plate numbers with parking space locations, 

checking for unauthorized vehicles, and optimizing parking space allocation. Backend 

processing is crucial for maintaining the integrity and accuracy of the system's data. 

 

4.2.4  Mobile Application Development 

The mobile application displays real-time data on parking space availability, vehicle 

locations, and license plate information. For drivers, the app provides a convenient way 

to monitor available empty spaces in specific block, zone, or even in certain camera 

view. the view the available parking lot number, locate their parked vehicles, and 

receive notifications about full parking status. For administrators, the dashboard offers 

tools for monitoring the entire parking facility, managing space allocation, and handling 

exceptions such as unauthorized vehicles or overstay. The application is designed to be 

user-friendly, ensuring that all users can easily access the information they need. It 

plays a vital role in enhancing the user experience, optimizing parking operations, and 

improving overall satisfaction. 
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4.3 Components Design in Application  

Entrance Camera Modules 

Due to the lack of sufficient cameras, permission to record incoming car plate numbers, 

and access to the list of authorized vehicles, the OCR function is not currently integrated 

into the app. However, it has been developed and is ready for use once these issues are 

resolved. At the concept level, the purpose of the OCR is to verify car authorization. 

Although it remains a standalone function for now, a tab has been included in the app 

to check entry records, allowing the recognized plate number from the Pi camera to be 

compared with the database to determine authorization. This establishes a functional 

connection between the OCR and the app. 

 

 

Figure 4.10 Entry Record Tab 

 

Figure 4.10 illustrates the Entry Record tab in the application, which is conceptually 

designed to log and verify car plate numbers captured by the Pi camera using OCR. In 

the current development stage, a set of pre-listed plate numbers: carPlate1, carPlate2, 

and carPlate3, are used as input to simulate OCR results. These values are compared 

against the plate_number field stored in the database for each user record, as shown in 

Figures 4.11 to 4.13. 
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Figure 4.11 Comparison of plate_number with carPlate1 
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Figure 4.12 Comparison of plate_number with carPlate2 
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Figure 4.13 Comparison of plate_number with carPlate3 
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If a matching plate_number is found, the query returns a document indicating that the 

car is authorized. A conditional statement is then applied: if the document exists, the 

corresponding text field displays "Authorized"; otherwise, it displays "Unauthorized", 

as demonstrated in Figures 4.14 to 4.16. The test result for this conditional statement 

can refer to Figure 4.10. This logic helps determine whether a vehicle is permitted to 

enter the car park based on the stored plate number data, even though the OCR feature 

is not yet fully integrated into the app. 

 

 

Figure 4.14 Authorization Text field for carPlate1 
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Figure 4.15 Authorization Text field for carPlate2 
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Figure 4.16 Authorization Text field for carPlate3 
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Parking Area Camera Modules 

Figure 4.17 shows the zone definitions based on the BlockNCarparkMap. With clear 

differentiation of zones in Block N, the Block N page contains a tabbed interface for 

each zone, including Zone A, Zone B, Zone C, and Zone D. Due to the limited number 

of cameras available at this stage, only Zone A is actively covered. The output for tab 

pages of Zone B, Zone C, and Zone D are displayed in Figures 4.18 to 4.20, 

respectively. 

 

 

 

Figure 4.17 Zone Definitions 
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Figure 4.18 Zone B Tab Page 
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Figure 4.19 Zone C Tab Page 
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Figure 4.20 Zone D Tab Page 
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Figure 4.21 presents the design of the active camera view component for the Zone A 

tab. Each view is labeled with the zone alphabet and the corresponding parking lot 

numbers, followed by the camera feed. This camera view is retrieved using a GET API 

call that returns a JSON body, which includes an encoded base64 string representing 

the camera image, as shown in Figure 4.22. The overall implementation concept will 

be further explained in the next chapter. 

 

 

Figure 4.21 Active Camera View 
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Figure 4.22 Setting on ActiveView Widget 
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Below the camera image, there is an ñavailable spacesò counter. This counter is also 

retrieved through an API call, as illustrated in Figure 4.23. The displayed text is 

generated by combining static text "Available Spaces: " with the dynamic string 

retrieved from the database, followed by another static text"/7". This formatting ensures 

the information is presented in a user-friendly and easily understandable way. 

 

 

Figure 4.23 Setting on Text Widget Below Image 
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Data Integration and Processing 

Figure 4.24 displays the data stored in the user collection of the database, which plays 

a critical role in verifying license plate authorization and logging vehicle entries. Each 

document in this collection not only includes the plate_number used for vehicle 

verification but also contains relevant user credentials such as email, password, and 

username. These fields are essential for managing user authentication, identifying users 

within the system, and supporting account-related features of the application. Thus, the 

user collection serves a dual function: managing user accounts and providing a 

reference for vehicle access control. 

 

Figure 4.24 Sample Data Records in the User Collection 

 

Within the FlutterFlow app, this component design outlines how the application 

interacts with the database to fetch, process, and display data that drives real-time 

decisions and user interactions. When a car is detected at the entrance, the system 

queries the plate_number field to check whether the vehicle is registered and authorized 

to enter. This automated verification replaces manual security checks and enhances 

efficiency. Meanwhile, user credentials like email and password are integrated into the 

login system, ensuring that only authenticated users can access app features such as 

profile viewing or parking history. 

 

Database Integration in UI 

The application connects to a centralized Firestore database where each user document 

is structured to include key fields such as plate_number, authorization status, and the 

timestamp of the last recorded entry. FlutterFlowôs built-in Firestore query actions are 

used to dynamically retrieve this data and bind it to UI components. For instance, when 

a plate number is detected, a query is triggered to compare it with the plate_number 

field in the user collection for verification. 
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Logical Condition Handling 

To ensure accurate decisions based on query results, FlutterFlowôs conditional logic 

builder is employed. It checks whether the query has returned a matching document. If 

a match exists, the interface updates to show ñAuthorizedò, signaling that the vehicle is 

permitted to enter. If no match is found, it shows ñUnauthorizedò, alerting that the 

vehicle does not have access rights. This logic enables the system to act autonomously 

and immediately, without requiring user intervention or backend coding. 

 

Real-time Updates 

In addition to immediate license plate verification, other components of the app such as 

the availability counters in the parking area tabs described in Section 4.3.2 also rely on 

real-time data. These counters show the number of available parking spaces by fetching 

values dynamically through Firestore queries or API calls. With the support of 

FlutterFlowôs live update feature, users are always presented with the most recent data. 

This ensures greater accuracy and enhances user confidence in the information 

displayed by the system. 

 

Data Binding and UI Presentation 

Fetched data is connected to text fields, labels, status indicators, and other user interface 

elements to ensure the app remains informative and easy to use. For example, the plate 

number, entry time, and access status are clearly shown on entry logs or dashboard 

screens. This smooth data binding allows users, including security personnel and app 

users, to monitor system activity in real time and make informed decisions based on the 

latest records stored in the user collection. 

 

In summary, the integration between the application and its database backend supports 

automated decision-making, effective vehicle tracking, and secure user authentication. 

It ensures that every component, from login to license plate verification, functions 

together smoothly to uphold the performance and reliability of the smart car park 

management system. 
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4.4 System Components Interaction Operations 

The various components of the Smart Parking Management System work together 

through a series of interactions that ensure the system operates efficiently and 

effectively. Each component, from hardware to software, plays a unique role, and their 

integration ensures real-time monitoring, accurate vehicle identification, and a smooth 

user experience. 

 

Overview of Component Interactions 

The system is composed of several core components that work together to provide real-

time parking management. These components include the entrance camera module, 

parking area camera modules, mobile application, data integration and processing 

systems, and the backend database. Each component has a specific task: the entrance 

and parking area cameras capture vehicle data, the mobile app offers users a way to 

interact with the system and view parking availability, and the backend system stores 

and processes data from the cameras. The components communicate effectively to 

ensure that parking availability is monitored continuously and updated in real time, and 

users are notified of parking space status. 

 

Camera and Raspberry Pi Interaction 

The entrance camera module and parking area camera modules are connected to the 

Raspberry Pi, which processes the image data captured by the cameras. When a vehicle 

enters the parking area, the entrance camera captures an image, which is then sent to 

the Raspberry Pi for processing. The Raspberry Pi analyses the image to detect the 

presence of a vehicle and processes the data accordingly. For the entrance camera, this 

involves using the optical character recognition module to extract license plate 

numbers, once fully implemented. The parking area cameras continuously monitor the 

parking bays and send data to the Raspberry Pi, which checks whether the parking bays 

are vacant or occupied and updates the backend database with the status. The Raspberry 

Pi communicates with the backend to ensure that the parking data is synchronized in 

real time, so users can view available spaces via the mobile application. 
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Optical Character Recognition and License Plate Recognition 

Although the entrance camera module is not yet prepared, it is designed to work with 

the OCR to automatically extract license plate numbers from images when vehicles 

enter the parking lot. Once the entrance camera captures an image, the Raspberry Pi 

processes it, and if the OCR module is integrated, it will use the technology to recognize 

the license plate number. The recognized plate number is then sent to the backend for 

verification against a list of authorized vehicles. Currently, since the OCR module is 

not yet in use in the mobile app, the system checks vehicle authorization by manually 

matching the plate number to a pre-registered list stored in the backend database. This 

manual method is a temporary solution, and once the OCR module is fully integrated, 

it will automatically recognize license plate numbers in real time, streamlining the 

authorization process. 

 

Backend Interaction with Database 

The backend system acts as the central hub for storing, processing, and managing all 

data related to the parking system. It interacts with both the Raspberry Pi and the mobile 

application to synchronize parking space availability and vehicle authorization. When 

the Raspberry Pi processes data from the entrance or parking area cameras, it sends the 

information to the backend, where it is stored in the database. This includes updates on 

parking occupancy, availability and encoded base64 string of the latest image. The 

database also stores user information and vehicle records. The backend processes 

requests from the mobile application by retrieving the latest parking data and sending 

it to the app in real time. This ensures that users have access to the most accurate and 

up-to-date parking information. The backend plays a key role in ensuring that all 

components work together, and it ensures that data is securely stored and consistently 

updated. 

 

 

 

 

 

 

 



CHAPTER 4 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    63 
 

Mobile Application and Backend Communication 

The mobile application provides the user interface for interacting with the system. Users 

can view real-time parking availability, check the status of individual parking spaces, 

and receive notifications when parking spaces are full. When a user opens the app and 

requests parking data, the app sends a query to the backend. The backend processes this 

request by retrieving the latest parking availability data from the database and sending 

it back to the app. The app then displays this information to the user. Additionally, the 

app sends updates to the backend when users make requests, such as reserving a parking 

space or checking parking availability in a specific area. Notifications are sent to users 

based on updates from the backend, such as when a parking area reaches full capacity, 

so users can make informed decisions. This smooth communication between the mobile 

app and backend ensures that users receive accurate and timely information. 

 

The interaction between the components in the Smart Parking Management System is 

fundamental to its functionality and effectiveness. By ensuring that the cameras, 

Raspberry Pi, OCR modules, backend database, and mobile app communicate properly, 

the system delivers real-time parking management and vehicle authorization. Each 

component has a specific role, and their interactions ensure that the system operates 

smoothly. While certain features, such as automatic license plate recognition, are still 

being developed, the current system design supports future integration and scalability, 

allowing the system to adapt to new technologies and expand its capabilities as needed. 
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Chapter 5 

System Implementation 

5.1 Hardware Setup 

The hardware involved in this project includes a laptop, a mobile device, a Raspberry 

Pi 3, and a Raspberry Pi Camera Module 3. The laptop serves as the main development 

platform, where the detailed specifications of the laptop are provided in Table 5.1.  

 

Table 5.1 Specifications of Laptop 

Description Specifications 

Model Huawei MateBook D16 2024 

Processor 12th Gen Intel(R) Core(TM) i5-12450H 

Operating System Windows 11 

Graphic Intel(R) UHD Graphics 

Memory 16GB RAM 

Storage 512GB HDD 

 

A mobile device is utilized for testing and deploying the dashboard within the mobile 

application, allowing real-time interaction and validation of the app's functionality. The 

Raspberry Pi 3, paired with the Raspberry Pi Camera Module 3, is critical for capturing 

video footage of cars and monitoring the parking area. This setup facilitates the 

implementation of real-time video processing and analysis, forming the core of the 

project's data collection and processing capabilities. 
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5.2 Software Setup 

The project utilizes various software tools for development and viewing to enhance the 

workflow and efficiency of different tasks. Software used for development and viewing 

include: 

¶ Thonny 

¶ Google Colab 

¶ FlutterFlow 

¶ Raspberry Pi Imager 

¶ PuTTY (64-bit) 

¶ RealVNC Viewer 

¶ Firebase 

 

Thonny serves as the primary integrated development environment (IDE) for running 

the Python scripts that power the core functionality of the parking system. Specifically, 

Thonny is used on the Raspberry Pi to execute real-time image capture, process images 

to detect cars, define bounding boxes, and monitor the occupancy status of parking lots. 

It also manages the labelling of individual parking bays, updating carpark availability 

based on camera input. 

 

Google Colab, on the other hand, is utilized for more resource-intensive tasks, such as 

car plate number recognition. It provides a cloud-based Python environment capable of 

leveraging GPU acceleration, which is ideal for training and testing the OCR model. 

The Colab environment processes images uploaded from test cases or collected during 

trials to detect and extract license plate text using a YOLO-based detection model and 

Tesseract OCR. 

 

FlutterFlow is used to design and develop the mobile application interface in Dart, 

offering a visual drag-and-drop builder that significantly accelerates app creation. It 

supports smooth integration with Firebase, enabling real-time data display within the 

app, such as parking availability updates and camera image feeds. FlutterFlowôs cross-

platform capabilities ensure the app is accessible on both Android and iOS devices, 

making it convenient for users to monitor parking conditions on the go. 
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Raspberry Pi Imager is used to flash the Raspberry Pi OS onto the SD cards, preparing 

each Raspberry Pi unit for deployment in the parking system. After installation, PuTTY 

(64-bit) is used for secure SSH access to the Raspberry Pi terminals, allowing 

developers to remotely execute commands, update scripts, and configure settings. 

Meanwhile, RealVNC Viewer provides a graphical interface for remote desktop access, 

making it easier to visually monitor the Raspberry Pi environment, debug issues, and 

view image output directly from the connected cameras. These tools combined enable 

effective setup, control, and management of the edge devices without physical 

interaction. 

 

Firebase is used as the cloud-based backend of the system. The Realtime Database 

manages dynamic updates, such as tracking the occupancy status of parking bays, 

camera view statuses, and availability counts. These updates are delivered in real time 

to the mobile application, ensuring users receive timely and accurate information. 

Additionally, Firebase Cloud Firestore is used to store more structured project-related 

data, including user records, camera assignments, and configuration metadata. 

Together, the two databases offer a reliable and scalable solution for handling both 

frequent updates and organized data storage requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 5 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    67 
 

5.3 Setting and Configuration 

Step 1: Raspberry Pi Configuration using Raspberry Pi Imager 

Before beginning any hardware connection, the Raspberry Pi was pre-configured using 

the Raspberry Pi Imager tool as shown in Figure 5.1 to enable efficient headless 

operation during testing. A USB SD card reader was used to insert the microSD card 

into the computer. Through Raspberry Pi Imager, the Raspberry Pi OS was selected and 

flashed onto the microSD card. During this process, advanced configuration settings 

were enabled to allow the Raspberry Pi to operate without the need for a monitor, 

keyboard, or mouse. 

 

Key configurations included enabling Secure Shell (SSH) access for remote terminal 

control, setting a predefined username and password for secure login, and entering Wi-

Fi credentials such as the SSID, password, and country code. These configurations 

ensured that upon powering up, the Raspberry Pi would automatically connect to the 

specified wireless network and be immediately accessible for remote operation. Once 

the flashing process was complete, the microSD card was safely ejected from the reader 

and inserted into the Raspberry Pi, completing the setup required for effective remote-

controlled testing in the following steps. 

 

 

Figure 5.1 Raspberry Pi Imager 
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Step 2: Connect the Raspberry Pi Camera Module to the Raspberry Pi 

Once the Raspberry Piôs configuration was complete, the next step was to connect the 

Raspberry Pi Camera Module. The camera module was inserted into the Camera Serial 

Interface (CSI) port, located near the HDMI port on the Raspberry Pi board. The plastic 

clip on the CSI port was carefully lifted to make space for the ribbon cable from the 

camera. The cable was then inserted with the metal connectors facing the correct 

direction, ensuring a secure connection. The clip was then pressed back down to firmly 

hold the ribbon cable in place. This setup allowed the Raspberry Pi to capture images 

or video for real-time processing, which is crucial for testing the smart parking system. 

The complete setup of the Pi Camera connected to the Raspberry Pi is illustrated in 

Figure 5.2. 

 

Figure 5.2 Connection of Pi Camera to Raspberry Pi 
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Step 3: Power the Raspberry Pi 

After successfully connecting the camera module, the Raspberry Pi was powered on 

using a suitable power supply. The power source can be the adapter, power bank or 

even from a laptop. This step was important to ensure that the Raspberry Pi was running 

and accessible for subsequent operations. Figure 5.3 illustrates the connection between 

the Raspberry Pi and a laptop using a standard USB Type-A to USB Micro-B cable. 

 

 

Figure 5.3 Connection of Raspberry Pi to a Laptop 
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Step 4: Accessing the Raspberry Pi Desktop Environment 

After the Raspberry Pi was powered on and properly configured, accessing its desktop 

environment became a necessary step for further setup and Python script development. 

There were two main approaches used to access the Raspberry Pi interface, depending 

on the situation and purpose. 

 

During the initial configuration phase, a physical connection was established by 

connecting the Raspberry Pi to a monitor using an HDMI cable. A keyboard and mouse 

were also plugged into the USB ports, allowing for full interaction with the graphical 

interface. This method as shown in Figure 5.4 offered a reliable way to visually verify 

the success of the operating system installation, test hardware components such as the 

camera module, and resolve any connectivity or configuration issues. 

 

In the later stages of the project, particularly during portable testing and deployment, a 

more efficient method was preferred. The Raspberry Pi was accessed remotely using a 

laptop by employing PuTTY for terminal-based communication over SSH, and 

RealVNC Viewer for accessing the full desktop interface. This headless configuration 

eliminated the need to carry extra peripherals like a monitor or keyboard, making it 

highly convenient for use in different testing environments. This remote access 

approach proved especially beneficial during the experimental phase described in 

Chapter 6, where portability and ease of access were key considerations. 
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Figure 5.4 Setup Raspberry Piôs Desktop on Monitor 
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Step 5: Developing and Running the Python Script in Thonny 

Once access to the Raspberry Pi desktop was established, Python development for the 

smart parking system was conducted using Thonny, a lightweight integrated 

development environment (IDE) designed for ease of use on Raspberry Pi. The Python 

script developed in Thonny was responsible for several critical tasks. These included 

capturing images from the Pi Camera, processing the images to detect vehicles, drawing 

bounding boxes around detected cars, and tracking parking bay occupancy in real time. 

The script also labeled and numbered individual parking spots to monitor which bays 

were occupied or vacant. 

 

To ensure a clean and organized Python environment, a virtual environment was created 

on the Raspberry Pi using the command python3 -m venv 

/home/lynn/Desktop/parking/venv. This practice helps isolate project dependencies and 

prevents conflicts with system-wide packages. The workflow included creating the 

virtual environment, activating it, installing necessary packages as illustrated in Figure 

5.5, executing the Python script, and finally deactivating the environment after use. This 

process reflects good development practices for maintaining code portability and 

reproducibility across devices. 

 

 

Figure 5.5 Command in Terminal 
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Step 6: Integrating Firebase for Data Storage and Real-Time Communication 

To enable smooth integration with the mobile application developed using FlutterFlow, 

the backend database system was constructed using Firebase, which offers both Cloud 

Firestore, also known as Firestore Database, and Realtime Database services. Each 

database played a distinct role in the system architecture, handling different types of 

data to ensure optimal performance and functionality. 

 

The Firestore Database was designated for storing structured and relatively static data, 

such as user information, which could be retrieved to verify user authentication and 

manage authorization access within the system. The setup began by creating a new 

firestore database, as shown in Figure 5.6, followed by selecting Singapore as the 

preferred location to ensure low-latency access, as illustrated in Figure 5.7. Security 

rules were configured to control data access, depicted in Figure 5.8. Data collections 

were added either directly through the Firebase Console or via FlutterFlowôs Firebase 

tab, as demonstrated in Figure 5.9. The structured layout of the Firestore database used 

in this project is presented in Figure 5.10. 

 

 

Figure 5.6 Create New Firestore Database 
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Figure 5.7 Select Cloud Firestore Dataôs Location 

 

 

Figure 5.8 Security Rules for Database 
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Figure 5.9 Firestore Database in FlutterFlowôs Firebase Tab 

 

 

Figure 5.10 Firestore Database in Firebase Console 
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In contrast, the Firebase Realtime Database was configured to handle fast-changing and 

time-sensitive data such as parking lot occupancy status, live availability counts, and 

camera statuses. Its low-latency data delivery and real-time synchronization features 

made it ideal for this purpose. The setup process started by creating a new real time 

database as shown in Figure 5.11. Next, real time database location need to be select. 

In this project, Singapore region was selected, as shown in Figures 5.12. Lastly, select 

the application of security rules to manage read and write permissions. In currently, the 

option ñStart in Test Modeò was selected as shown in Figure 5.13. Finally, the real time 

database is ready for used and the resulting Realtime Database structure used in the 

system is illustrated in Figure 5.14. 

 

 

Figure 5.11 Create New Realtime database 
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Figure 5.12 Select Realtime Database Location 

 

 

Figure 5.13 Security Rules for Realtime Database 
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Figure 5.14 Realtime Database Structure 

 

By combining both Firestore and Realtime Database, the smart parking system 

achieved an efficient separation of responsibilities. Firestore was used to store 

configuration and user-related data, while Realtime Database ensured live updates were 

continuously reflected in the mobile application. This dual-database architecture 

provided strong data handling capabilities, enhanced responsiveness, and a reliable user 

experience across the system. 
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Step 7: Mobile Application Interface Development Using FlutterFlow 

To provide users with a visual and interactive way of monitoring the real-time status of 

the car park, a mobile application was developed using FlutterFlow, a low-code 

development platform. The app structure was designed to be intuitive and minimal, 

focusing on easy navigation and real-time data presentation from Firebase. The 

application consists of four main pages and one notification component: 

 

First Page 

The First Page of the mobile application serves as a welcoming landing screen designed 

to prepare users for the upcoming experience. This page contains a "Get Started" button, 

which acts as the entry point into the system. When the button is clicked, users are 

directed to the Login Page, where they can proceed with authentication. 

 

Login Page 

The login page is restricted to UTAR students and staff, the primary users of the smart 

parking system. Access to the system is restricted through this page to ensure only 

authorized users can sign in. The "Sign In" button performs multiple validation checks, 

particularly verifying the email address and matching the password against the 

registered user credentials stored in Firebase. These checks are implemented to 

maintain a secure and accountable login process. The detailed validation logic will be 

further explained in the next section. 

 

Home Page  

Once authenticated, users are directed to the Home Page, where their username is 

displayed as a personalized greeting. This page offers a comprehensive overview of the 

parking system, including block-wise carpark summaries, zone availability, and recent 

entry records. 

 

The parking location section features clickable widgets for each block. By tapping on 

a specific block, users are navigated to another page that provides a more detailed view 

of that area. Additionally, the preview section displays both the number of available 

parking spaces in each zone and the latest entry records as two different tab page. The 

Available tab displays the number of empty parking spaces in each zone, helping users 
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quickly assess availability. While the Entry Record tab lists the latest vehicle entries, 

indicating whether each vehicle was authorized or unauthorized based on the license 

plate recognition system. 

 

Block N Page (Detailed View) 

This page displays detailed car park status for a specific block involved in the projectôs 

current implementation phase. It shows real-time data retrieved from the Firebase 

Realtime Database, such as the number of vacant parking bays, latest camera view, 

timestamps of updates, and the status of individual parking slots. This page reflects the 

core functionality of the smart parking systemôs mobile interface and demonstrates 

direct integration with backend data. 

 

Notification Component 

A dynamic notification component was implemented and placed on the Home Page to 

alert users when the selected car park block is full. This feature is conditionally 

triggered based on live data from the Firebase Realtime Database. An if-else condition 

was used: when the number of available empty spaces equals zero, the notification 

wording becomes visible, and the button becomes clickable. This not only improves 

user experience but also helps avoid unnecessary searching for unavailable parking. 

 

The interface logic and display conditions were constructed within FlutterFlowôs UI 

logic builder and Firebase query integration, as will be further explained and visualized 

in the next section. 
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5.4 System Operation (with Screenshot) 

Figure 5.15 provides an overview of the navigational flow of the application. A series 

of structured tests were conducted systematically, following the sequence of actions 

that a typical user would perform. The testing process involved validating the 

functionality of all buttons, ensuring that required text fields are properly validated, 

verifying the accuracy and consistency of the data retrieved or submitted, and 

confirming that all system notifications and backend processes work as intended. 

 

 

Figure 5.15 Storyboard of the Smart Parking System Application 
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First Page 

The first page of the application features a "Get Started" button as shown in Figure 5.16. 

When tapped, it directs the user to the login page. As illustrated in Figure 5.17, tapping 

the button triggers successful navigation. 

 

 

Figure 5.16 First Page 
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Figure 5.17 Login Page 

 

Testing confirmed that the "Get Started" button functions as intended, navigating users 

to the login screen without any issues. 
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Login Page 

On the login page, users are required to authenticate themselves by entering their UTAR 

email address and password. For testing purposes, three user accounts have been pre-

created and stored in the database. The login credentials for these test accounts are 

displayed in Figure 5.18. By entering the provided email and password and pressing 

the "Sign In" button, users are able to successfully log in and navigate to the next page. 

Figures 5.19 to 5.21 demonstrate that the login information entered by users matches 

the records retrieved from the backend database. 

 

 

Figure 5.18 Query Data in Cloud Firestore 
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Figure 5.19 Successfully Sign Up for First User 

 

 

Figure 5.20 Successfully Sign Up for Second User 
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Figure 5.21 Successfully Sign Up for Third User 

 

In cases where the login attempt is unsuccessful, an "Invalid email/password" error message 

will be displayed. This occurs under three conditions: when the user enters an incorrect email, 

an incorrect password, or both an incorrect email and password. Figures 5.22 to Figure 5.27 

illustrate the three test cases corresponding to these conditions. Unless valid credentials are 

provided, users will not be able to access the next page of the application. This mechanism 

ensures that only authenticated users are allowed to proceed further into the system. 
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Figure 5.22 Test Case for Wrong Email 

 

 

Figure 5.23 Snack Bar Message for Wrong Email 
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Figure 5.24 Test Case for Wrong Password 

 

 

Figure 5.25 Snack Bar Message for Wrong Password 
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Figure 5.26 Test Case for Wrong Email and Password 

 

 

Figure 5.27 Snack Bar Message for Wrong Email and Password 
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Figure 5.28 presents the multiple conditional checks configured for the "Sign In" 

button. The logic verifies whether the entered email matches the one stored in the 

database and whether the entered password is also correct. If both conditions are 

satisfied, the function returns true and navigates the user to the home page. Otherwise, 

a snack bar is displayed with the message: "Invalid email/password." 

 

 

Figure 5.28 Multiple Conditions in Sign In Button 
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Home Page 

After a successful sign-in, the user is navigated to the home page, which serves as the 

central navigation hub. Figures 5.29 to Figure 5.31 show different views of the test 

mode home page, where the displayed username is passed as a parameter during 

navigation. Upon reaching the home page, the application retrieves the username from 

the passed parameter and displays it dynamically. This method ensures that each user 

sees personalized information without needing to query the database again, improving 

both efficiency and user experience. 

 

 

Figure 5.29 Home Page for First User in Test Mode 



CHAPTER 5 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    92 
 

 

Figure 5.30 Home Page for Second User in Test Mode 
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Figure 5.31 Home Page for Third User in Test Mode 
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Figure 5.32 illustrates the Home Page in preview mode, where real-time data is 

retrieved directly from Firebase. The interface is designed to dynamically display 

current parking availability by fetching live data for both zones and blocks. In this 

mode, elements enclosed in square brackets, such as [1], represent data placeholders 

that will be replaced with real-time values from the Firebase Realtime Database during 

actual use. 

 

 

Figure 5.32 Home Page in Preview Mode 
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Specifically, the preview shows two main types of dynamic content: one inside block 

N box and another representing the availability of zone A within that block. The number 

displayed in the blockôs box provides a quick summary of total available parking bays 

in that block, helping users assess whether the block still has empty spaces. Below that, 

each block is further broken down into zones, with real-time indicators showing how 

many bays are available in each zone. This detailed breakdown allows users to identify 

which specific areas or rows within the parking lot still have free spaces, enabling more 

targeted and efficient navigation. The structure is designed to guide users from a broad 

overview of block availability down to the zone level, supporting informed decision-

making and minimizing the time spent searching for a parking spot. 

 

The real-time data can continuously be monitored through the Firebase Console, as 

shown in Figure 5.33. This console provides a live interface to view and track the 

contents of the Realtime Database, making it easier for developers to observe updates 

and ensure that the system is functioning correctly. It serves as a valuable tool for 

verifying whether the application is accurately storing and retrieving data in real time. 

 

 

Figure 5.33 Realtime Database in Firebase Console 
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To enable data storage from the Raspberry Pi to Firebase using Python, the Firebase 

Admin SDK needs to be installed first. This can be done by executing the command 

pip install firebase-admin. After the SDK is successfully installed, Firebase must be 

initialized within the Python script, as demonstrated in Figure 5.34.  

 

 

Figure 5.34 Python Script Involve Setting of Firebase 

 

A crucial component of this setup is the serviceAccountKey.json file, which acts as a 

credential for secure access. This file must be downloaded from the Firebase Console 

by navigating to the "Service Accounts" tab and clicking on the "Generate new private 

key" button, as shown in Figure 5.35. Once downloaded, the file should be saved in an 

accessible directory for the script to reference. In this example, the file is placed inside 

the /home/lynn/Desktop/parking directory. 
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Figure 5.35 Service Accounts Tab in Firebase Console 

 

Furthermore, the database URL required for connecting to Firebase is defined in line 24 of the 

parking.py script. This URL is essential for directing the script to the correct Firebase project. 

It can be found in the Realtime Database section of the Firebase Console, as highlighted in 

Figure 5.36. Including the correct URL ensures that all read and write operations are properly 

directed to the intended database instance. 
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Figure 5.36 URL of Firebase 

 

Notification  

In reference to Figure 5.32, the preview mode clearly shows the label ñNew Notification 

(1)ò embedded inside the notification button. However, this feature behaves differently 

during actual testing, as illustrated in Figures 5.29 to 5.31. In testing mode, the button 

container does not respond to user interactions, and the notification text is absent. This 

discrepancy is not a bug, but a deliberate feature controlled by the button settings and 

logic defined in Figures 5.37 and 5.38. 

 

Specifically, as seen in Figure 5.37, the button is configured with a logic condition that 

disables it when certain criteria are not met. The conditional logic applied, detailed in 

Figure 5.38, checks the parking availability counter. If there are still available parking 

bays, which means the counter is not zero, the button remains disabled and hidden. 

Only when the number of available parking bays reaches zero which indicating the car 

park is fully occupied, the button becomes active, and the ñNew Notification (1)ò text 

appears. This setup ensures that the notification is meaningful and contextually relevant 

by only appearing when user attention is truly needed, i.e., when the car park is full. 
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Figure 5.37 Button Disable Options 



CHAPTER 5 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    100 
 

 

Figure 5.38 If -else Condition Applied in Notification Button 

 

This behavior is driven by real-time data retrieved from the Firebase Realtime Database 

using an API call. Within the conditional logic, the ñAvailability Responsesò refers to 

the response data returned by this API, which queries the path /parking/available.json 

in Firebase, as illustrated in Figure 5.36. 

 

Figure 5.39 Create API Call 
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To use this data in widgets such as text displays or buttons, the API must first be created 

and integrated into the appôs backend using FlutterFlow. As demonstrated in Figure 

5.39, a custom API call named ñAvailabilityò is created. This API is then bound to the 

current page by navigating to the Backend Query tab in FlutterFlow, selecting ñAdd 

Queryò, and linking it to the API call. The configuration for how this API is connected 

and used within the app is shown in Figure 5.40. 

 

 

Figure 5.40 Setting to Apply API Call Named Availability 

 

By implementing this system, the app ensures a smarter and more user-friendly 

notification mechanism that reduces unnecessary alerts and focuses only on conditions 

that require the user's attention, specifically when the car park is fully occupied. 
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Block N Page 

 

 

Figure 5.41 Preview Mode 
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In preview mode, the only functional component is the camera view that displays the 

number of available parking spaces. This data is retrieved from the Firebase Realtime 

Database and shown using a dynamic pattern enclosed in square brackets [ ], rather than 

as static text. Adjacent to the parking space counter, the [jms] placeholder represents 

the timestamp in the format hour:minute:second AM/PM. This timestamp indicates 

when the image was last updated, helping users verify whether the camera feed is 

refreshing correctly. 

 

In Figure 5.41, the image is not shown because preview mode does not activate the live 

camera feed. This demonstrates that the image widget functions only when the camera 

is connected, and the Python script is actively running. It does not rely on a fixed or 

static image. The method used to display the live image in the app involves converting 

the captured image to a Base64 string. 

 

To achieve this, the encoded image is prefixed with /latest_image_base64 and stored in 

the Firebase Realtime Database. The Python code responsible for this encoding and 

storage is shown in Figure 5.42. 

 

 

Figure 5.42 Code Snippet for Storing Encoded String 

 

To retrieve this encoded string in the app, an API call is created as shown in Figure 

5.43, and configured in FlutterFlow under the name GetBaseImage, as detailed in 

Figure 5.44. This ensures that the image is properly rendered on the mobile app without 

decoding errors. 
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Figure 5.43 Create API Call to Get Encoded String 

 

 

Figure 5.44 Setting to Apply API Call Named GetBaseImage 
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Although the camera is configured to capture and upload a new image every 30 seconds, 

the app does not automatically refresh the image if the user remains on the Block N 

Page continuously. This is due to limitations in the free plan of FlutterFlow, which 

restricts real-time automatic updates within a single page unless the user performs an 

action. 

 

To overcome this limitation, a "Refresh Now" button is placed below the image on the 

page. This button allows users to manually reload the most recent image if they choose 

to stay on the same page and continuously monitor the parking situation. However, this 

limitation typically does not affect the user experience during standard or quick usage. 

In normal viewing situations, such as navigating to or returning from another page, the 

image will automatically update with the latest version without requiring the user to 

press the refresh button. 

 

This design remains practical and user-friendly. For instance, if a user visits the page 

and sees that no parking spaces are currently available, they can remain on the page and 

press the "Refresh Now" button to check whether any vehicle has left. This allows them 

to stay informed without needing to leave or reload the app. The Refresh Now button, 

as shown in Figure 5.45, ensures that the user retains control over the image update 

process when continuous viewing is needed. 
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Figure 5.45 Refresh Now Button in Block N Page 
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5.5 Implementation Issues and Challenges 

Implementing a real-time car parking location detection system presents several 

challenges, particularly concerning camera placement and environmental conditions. 

The location and angle of the cameras are critical for accurate detection; improperly 

placed cameras may fail to capture all vehicles, leading to undetected parked cars and 

incorrect assessments of available spaces. Given the limited resources around the car 

park area, such as light posts and walls, achieving a wide and high angle of view is 

challenging. This limitation necessitates installing more cameras to cover all parking 

spaces, increasing both the cost and the need for suitable installation locations, like light 

posts. 

 

Coverage is another concern, as cameras must have a sufficient field of view to monitor 

all parking spaces effectively, requiring careful planning to avoid blind spots. 

Additionally, overlapping detection of parking spaces can lead to inaccurate counting. 

Given the large area to cover, precise labelling of parking spaces is essential to prevent 

overlapping detections. Peak hours also pose a significant challenge, as multiple cars 

entering simultaneously can overwhelm the system, making it difficult to track each 

vehicle accurately. 

 

Environmental factors like weather and lighting conditions further complicate the 

implementation. Rain, and bright sunlight can obscure the cameraôs view, affecting the 

quality of detection. Nighttime or low-light conditions demand cameras with night 

vision or additional lighting, adding complexity to the system setup. Temperature 

extremes may also impact camera hardware, leading to potential malfunctions. 

Ensuring a reliable power supply for the cameras, especially in outdoor settings, is 

crucial to prevent disruptions in monitoring. Addressing these challenges requires a 

comprehensive approach, involving robust equipment, strategic placement, and 

advanced image processing capabilities to maintain accuracy and reliability in various 

conditions. 
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5.6 Concluding Remark 

This chapter has provided a detailed overview of the implementation of the Smart 

Parking System, encompassing both hardware and software setups, configurations, and 

the operation of the system. The section also delved into the various challenges 

encountered during the development and testing phases. Specifically, the system's 

functionality was highlighted through screenshots that illustrate its operation, from the 

first page and login process to the dynamic display of parking availability on the home 

page and Block N Page. These aspects demonstrate the integration of both the front-

end user interface and back-end real-time data processing to offer a seamless user 

experience. 

 

The system operation section outlined the functionality of each key page in the 

application, showing how they interact with both the user and the backend. The first 

page provides a clean entry point to the app, featuring a ñGet Startedò button that directs 

users to the login interface. The login screen authenticates users based on predefined 

credentials stored in Firebase, ensuring only authorized individuals can access the 

system. Once authenticated, users are taken to the home page, which displays the real-

time availability of parking spaces through a color-coded layout. This data is 

dynamically retrieved and updated using Firebase Realtime Database, allowing users 

to see the current status without needing to refresh the page. 

 

The Block N Page builds upon this functionality by integrating a camera feed that 

visually confirms the parking status of a specific zone. Instead of streaming the video 

directly, the system captures an image from the camera every 30 seconds, converts it to 

a base64-encoded string using the Python backend, and uploads it to Firebase. The 

mobile app then fetches and displays the latest image, giving users a near real-time view 

of the parking condition. While the page does not automatically refresh due to 

limitations in the FlutterFlow free plan, a "Refresh Now" button allows users to 

manually reload the image if they remain on the page. 

 

Additionally, the notification system is designed to alert users only when critical 

conditions, such as full parking availability, arise. This ensures that the notifications 

are contextually relevant, reducing unnecessary distractions and maintaining an 
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intuitive user experience. The Block N Page extends this functionality by displaying a 

live camera feed, providing users with a continuous overview of parking space status. 

 

However, the implementation of such a system also presents challenges, particularly 

related to hardware setup, environmental factors, and real-time performance 

limitations. Issues such as camera placement, and the impact of weather conditions have 

been identified as critical factors to consider when deploying the system in a real-world 

scenario. Additionally, the constraints imposed by the free plan of FlutterFlow, such as 

the inability to refresh images in real time unless manually triggered, present limitations 

in continuous monitoring. 

 

Despite these challenges, the application demonstrates a reliable solution for real-time 

parking monitoring, offering users an efficient way to navigate available parking 

spaces. Moving forward, addressing the identified issuesðsuch as ensuring precise 

camera coverage, improving environmental resilience, and optimizing real-time data 

synchronizationðwill be crucial for enhancing the system's performance and 

scalability. The implementation of a stable power supply and advanced image 

processing techniques will be essential in maintaining consistent service, especially 

under varying weather or lighting conditions. 

 

In conclusion, the Smart Parking System provides a promising approach to streamlining 

parking management. With ongoing improvements and enhancements, it has the 

potential to become a valuable tool for both urban and commercial parking systems, 

offering real-time insights that benefit both users and operators. 
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Chapter 6 

System Evaluation and Discussion 

6.1 System Testing and Performance Metrics 

System testing is essential to ensure that the Smart Parking System application is 

reliable, functional, and easy to use. The main goal of testing is to check that every part 

of the app works according to the design requirements and to find any problems that 

could affect the systemôs performance or user experience.  

 

Before testing the whole app, it is crucial to ensure that each individual function works 

accurately before integration. Each independent function is tested to ensure there are 

no issues when integrated and performing within the application. In this section, all 

individual functions are tested. The overall app functionality will be tested in the next 

section, which includes details such as the testing setup and results. 

 

6.1.1  License Plate Detection and Recognition 

Figure 6.1 shows the results of the license plate detection using a dataset specifically 

trained for Malaysian license plates. This figure highlights the capability of the system 

to accurately detect license plates within the captured images, serving as a critical 

component of the overall vehicle identification process.  

 

 

Figure 6.1 License Plate Detection 
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Further, Figure 6.2 demonstrates the application of OCR using the best-trained model 

(best.pt) from the license plate detection task. This step involves reading and 

recognizing the license plate numbers, which are essential for identifying and logging 

vehicle entries. Once the parking entrance camera is installed, it will detect moving 

cars, automatically recognize their plate numbers, and record them in our database. 

 

 

Figure 6.2 License Plate Number Recognition 

 

Although license plate detection and recognition are not the focus of the current stage 

of the project due to issues with camera access and permissions for recording all 

vehicles entering the car park, accuracy testing has been conducted to verify the 

reliability of the function for basic use. Once the permissions issue is resolved, this 

feature will serve as a foundational element for future work, making subsequent 

development easier. However, the system is not yet reliable for full integration, and 

further testing on moving vehicles and under different lighting and weather conditions 

is needed to improve stability and accuracy. As the system is not a priority for 

integration at this stage, it is sufficient for the concept phase.  

 

The results of the accuracy testing for the license plate recognition system are detailed 

in Table 6.1, confirming its ability to recognize license plates accurately, with room for 

further improvement. 
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Table 6.1 Accuracy Tests 

Image Plate Number Recognized Actual Plate Number 

 

 

 

MAM 45 

 

 

MAM 45 

 

 

 

 

 

WA 688 M 

 

 

 

 

WA 688 M 

 

 

 

 

WA 863 S 

 

 

 

WA 863 $ 

 

 

 

DCW 7486 

 

 

DCW 7486 

 

 

 

 

WYG 5361 

 

 

 

WYG 5361 

Recognized correctly  4/5 

Accuracy  80% 

 

These results indicate an 80% accuracy rate for license plate recognition, with 4 out of 

5 plate numbers being correctly identified. These results demonstrate that the license 

plate recognition system is working as expected, although further adjustments are 

needed to enhance its accuracy. 



CHAPTER 6 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    113 
 

6.1.2  Parking Area Module 

To achieve comprehensive coverage of the entire car park, a systematic approach that 

integrates parking space labelling, detection, and counting functions using image 

stitching is employed to address the challenge of capturing a complete view due to the 

limitations of camera angles. Cameras are strategically positioned around the car park 

to capture different sections, with each camera focusing on a specific part of the parking 

area. This setup ensures that every parking space is covered, though overlapping 

sections are captured due to the limited field of view from each camera. 

 

Labelling is crucial in this process as it assigns each parking space to a specific camera 

view. This labelling prevents overlapping detections by ensuring that no parking space 

is monitored by more than one camera. Each camera is responsible for monitoring its 

designated section, avoiding redundancy and ensuring that every parking space is 

accurately covered. 

 

Captured images from different cameras are aligned based on similar angles to verify 

the effectiveness of the proposed detection method. Although the stitching process 

integrates the images to create a cohesive view, the primary focus remains on ensuring 

that each camera covers its designated section effectively. 

 

The boundaries of each parking space are defined using a mouse function to obtain 

coordinates for each point of the parking space's bounding box. Initially, these bounding 

boxes are manually defined using four points to outline each space accurately. 

 

Finally, the system utilizes the images from all cameras to monitor the entire car park 

in real-time. Despite the multiple views, this approach ensures that each parking space 

is effectively monitored by only one camera, providing accurate detection and counting. 

By carefully managing camera views and employing image stitching techniques, the 

system ensures complete and accurate monitoring of the car park, overcoming the 

constraints of camera placement and angles. 

 

 

 



CHAPTER 6 

Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    114 
 

Parking Space Labelling, Detection and Counter 

Figures 6.3 to Figure 6.5 show images of the first 20 parking lots in the first row, 

captured using the Raspberry Pi Camera Module 3. These images give a visual 

overview of the parking area before the cameras were installed in a fixed position. They 

act as the initial data input for the parking detection system, helping to test and setup 

the system to accurately monitor and detect the parking space usage. By capturing these 

segments of the parking row, labelling each parking lot is necessary to prevent 

overlapping in the parking space detection across different camera views. 

 

 

Figure 6.3 View 1 Captured by Raspberry Pi Camera Module 3 

 


