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ABSTRACT

The research suggests a smart parking system using the combination of AloT and Edge Computing, in there, Raspberry Pi
collects the data from cameras and sensors and then transfers it to the local computer for Al to process and overcome the
performance limitations of the Raspberry Pi and create the comprehensive parking system including the website for admin
and mobile application for users. Previous research on smart parking systems has evolved both simple solutions using
sensors to advanced systems that integrate Al and cameras (dual cameras system with 96.74% accuracy and fisheye camera
system with YOLOVS5 reached 94.3%), however, there are still some restrictions covering brightness, weather conditions,
etc. The key features include license plate detection using YOLOV10, displaying superior results than others. This smart
parking system solves the existing issues by leveraging edge computing to handle these Al tasks. Data collected from
cameras and sensors will be processed locally, ensuring real-time performance. The web platform allows remote
management, while the mobile app provides detailed information about the driver and also the online payment function.
Future enhancements cover the slot reservation function and Al-powered available space detection besides other factors
such as reducing traffic congestion, improving parking management, and decreasing pollution. The project will offer a
scalable solution for urban areas with high demand for vehicles like Ho Chi Minh City combined with low-cost
hardware/sensors and advanced Al models, from there can contribute to the development of a smart city with efficient and
user-friendly smart parking system.
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1. INTRODUCTION

The combination of Artificial Intelligence (Al) and the Internet of Things (10T) [1], also known as AloT, has become one
of the most significant modern technological trends nowadays. AloT systems enable enhanced machine interactions,
efficient data management, and advanced analytics. These capabilities have been applied to many different fields,
including smart homes, security systems, air quality management, energy grid optimization, healthcare, and weather
forecasting. Despite these advantages, one painful challenge in densely populated urban areas, such as Ho Chi Minh City,
is the missing of safe and efficient parking solutions. With over 10 million people and increasing traffic demands, the city
faces issues such as illegal parking, traffic congestion, air pollution, and noise. The existing solutions provide only short-
term, failing to address the root causes of parking inefficiencies, and sometimes exacerbating problems like theft and
overcrowding.

Recent research on smart parking systems has commonly used the Raspberry Pi 4 for processing raw data. While the
Raspberry Pi 4 is convenient and supports a wide range of functions including Wi-Fi, GP10O pins, and camera integration,
however, this mini-computer still struggles to handle the heavy tasks that are required for advanced Al models. This is
because its processing power isn’t designed for deep learning and real-time analytics works.

As a result, when complex Al models are run directly on the Raspberry Pi 4, the system often faces slow response times,
lower accuracy, or difficulty managing large numbers of data. Examples include tasks similar to detecting license plates
or analyzing vehicle images in real-time can experience delays or errors, which can affect the effectiveness of the system—
especially in busy environments where speed and accuracy are the most essential. Moreover, the limited computational
capacity makes it tough to scale the system or integrate more advanced Al techniques.
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To tackle these issues, edge computing technology [2] has become a practical solution. Instead of relying on all the
Raspberry Pi, now, Al tasks are offloaded to a local machine with greater processing power. By leveraging edge devices,
data is processed close to the source, allowing for faster response times, reduced latency, and enhanced system reliability.

In general, raw data from cameras and sensors are detected from USB cameras, which are connected to Raspberry Pi, and
are sent to the local machine, where advanced Al models (YOLO) for object detection, are executed. The results are then
sent directly to the React system in real-time to ensure smooth operations.

The study’s objectives include creating a web-based platform for administrators and a mobile application for users. The
website will enable remote management of parking spaces via a Wi-Fi connection and provide a dashboard with statistics,
vehicle information, and license plate images. The mobile application will offer users detailed parking information,
calculate parking fees, and facilitate payment through credit or debit cards. Future features include a vehicle search
function, allowing users to locate their vehicles by entering license plate details. This data, analyzed by the Al model, will
retrieve matching results and display relevant images.

The main contribution of this paper is as follows:

e Present the design and implementation of a real-time smart parking system, with a particular focus on edge
computing implementation.

e Low-cost Sensors and Cameras Implementation.

2. BACKGROUND AND RELATED WORKS

Numerous research studies have explored different implementations of AloT-based smart parking systems, analyzing their
strengths and limitations. For instance, Telefonica I+D and the University of Cantabria [3] developed an 10T solution to
alleviate traffic congestion by employing sensors distributed across the city. These sensors update parking availability on
display boards at intersections, using data collected from parking bays, Pham Thanh Nam proposed a cost-efficient system
integrating RFID and QR codes [4], complemented by a web portal and mobile app for checking parking slots. The system
incorporates ultrasonic sensors to enhance automation levels. In addition, TIS Corporation in Vietnam deployed an
automated parking management system combining license plate recognition and video surveillance with advanced video
analytics.

Prabhu Ramaswamy’s work further explored the integration of Raspberry Pi with Pi cameras and ultrasonic sensors for
vehicle number plate recognition [5]. However, such systems face limitations due to the lack of advanced Al and deep
learning applications, which restrict their ability to process inadequate input data effectively, resulting in suboptimal
performance. OCR technology, although simple to implement, struggles with noisy or degraded plates, leading to low
accuracy. The adoption of Al models like YOLO (You Only Look Once) represents a significant leap forward in
overcoming these challenges. YOLO version 8, in particular, achieves an impressive 92% accuracy in real-time license
plate detection. Its ability to detect multiple objects simultaneously with a single network transfer makes it ideal for smart
parking applications. Despite its high accuracy, challenges remain, such as overlapping bounding boxes when objects are
close together and difficulties in detecting plates under low-light conditions or from varied angles. To address these issues,
techniques like image preprocessing for brightness enhancement, multi-angle camera placements, and diverse dataset
training can improve detection performance [6].

Another notable system is the Social 10T-based platform that uses magnetometer sensors to detect vehicles at individual
parking spots. The sensor data is collected via Wi-Fi and processed through cloud databases, with real-time updates
provided through an Android app. This app not only displays parking availability but also supports online payments linked
to credit or debit cards for seamless fee transactions. The system also utilizes Bluetooth Low Energy (BLE) for short-range
communication, enabling localized processing between concentrators and electronic dashboards to analyze vehicle
information [7].

The web application allows drivers to make online reservations for parking slots, individual users can see available parking
spaces, choose their parking duration, input their vehicle details, and make their payment through the Internet. When the
vehicle reaches the parking lot, an electrical barrier automatically checks the vehicle information using the license plate
captured by cameras and compares it with the database. The mobile application platform also enhances this by allowing
drivers to search for locations, navigate to their designated parking spaces, and extend their parking time if necessary.
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After reviewing the web and mobile application for the users, the next part is to display the strengths and weaknesses, this
smart parking system based on 10T has many advantages, including saving time and effort for drivers who no longer have
to spend time looking for a parking spot, the result is that this also helps in reducing traffic congestion, enables efficient
management by offering real-time information about the parking lot, which aids in effective monitoring and supervision.
Beyond that, it also aids in reducing pollution by decreasing the amount of time spent searching for parking, which in turn
contributes to a decrease in carbon emissions and the protection of the environment. In addition, the system includes
electronic payment options, allowing for convenient and speedy parking fee transactions. Nevertheless, there are some
drawbacks to the system, such as the absence of physical locking options for public parking and the lack of capabilities to
analyze driver habits. Moreover, for accurate results, the license plate detection algorithm necessitates the vehicle to be
fully immobilized. To overcome these limitations, experts suggest employing machine learning to examine data and
anticipate driver actions, ultimately making the system more efficient and delivering improved services. They also
recommend improving security measures to safeguard user data and prevent unauthorized entry [8].

Groups of authors from the topic Proposing Real-time Parking System for Smart Cities using two cameras [9] have brought
to us a smart parking system working in real-time with the application of two cameras to detect the available slots in the
parking space and identify the accurate information of the vehicle license plate. This system is designed to solve some
particular issues compared to traditional parking systems, such as the lack of parking spaces, traffic congestion, and carbon
emissions. The system includes two main modules: the Skyeye module and the LPR module, in detail, the Skyeye module
uses the wide-angle camera to detect and monitor vehicles. Available spots are also the strength function of this module
combined with sharing the status of parking with the user. When a new vehicle comes to the detection area, the Skyeye
module will activate and send the data to the LPR module. LPR module - this module uses the high-definition camera to
detect and identify the license plate, the mechanism action of this module is activated by the signal from the previous
module Skyeye, and extracts all the alphabet numerals on the vehicle license plate. The system processing is described in
detail by the start of the Skyeye module continuously working and progressing the images from the Skyeye’s cameras,
then, when the new vehicle arrives at the entry gate of the parking detected, the Skyeye module will activate the LPR
module to detect and analyze the license plate. After analyzing all the characters on the license plate, the system will attach
the ID for the new vehicle by the Centroid algorithm, and in the end, the system will update and display the information
of parking slot status. Testing results of experiments of this system showed a high percentage of precision of detection
with 96.74 in the reality environment in general. In detail, compared to YOLO version 2, the Skyeye module reached a
precision of 99.48%, which is an outstanding result. Similar to the Skyeye module, the LPR module shows 94 percent
accuracy along with the VN_LP module and an average percentage for the two modules is 96.74 indicating that this system
can be highly recommended for application in reality. However, this system still has some weaknesses including the quality
of input images may affect the accuracy of the detecting system, in addition, the system at the moment, cannot process all
the reality situations for example weather conditions (sun, rain, day/night).

The established journal indicated an AloT system (Artificial Intelligence of Things) for smart parking [10], using the
fisheye camera - the surveillance camera that uses curved lenses, thanks to that users can observe wide-angle panoramic
views of 180 degrees and 360 degrees, without being limited by blind spots and deep learning by YOLO version 5. This
system also can detect the license plate and check the status of parking slots instead of using many expensive sensors such
as ultrasonic sensors or magnetic field sensors. Before going into detail about how this system works, we need to mention
the advantages and disadvantages of the fisheye camera, to begin, the advantages of this camera are expressed through the
wide area of the monitor - this is one of the big advantages of this system because it helps this system reducing the cost by
cutting off many cameras, however, in some cases, this advantage can cause opposite effect because the input images will
be distorted so they need to have distortion technique and also the unwrapping technique to process images. Moreover,
missing the open training datasets of detecting the vehicle from a fisheye surveillance camera may affect the precision
when detecting different types of vehicles or license plates. Deep inside the system, the authors describe how the system
works, firstly, applying the LaRecNet algorithm to handle the distorted images from the fisheye camera, then the YOLO
version 5 model will be used to detect the area of the image that contains the license plate. Based on the position of the
license plate relative to the area identified as a parking space, the system determines whether the parking space is empty
or occupied, tracking the license plate and attaching the only typical ID for individual cars to manage the status of parking
space by using the SORT technique. In the performance evaluation, the result shows that YOLO version 5 reaches a
precision of approximately 94.3 percent with the time processing is 0.071 seconds, outstanding compared to other methods
in the precision, speed, and size of datasets. To sum up, this AloT system using the fisheye camera and YOLO version 5
is the effective solution and saves costs to detect the license plate along with checking the status of the parking space.
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While these systems offer numerous—such as saving drivers time, reducing traffic congestion, and decreasing pollution
by minimizing the time spent searching for parking—they still face limitations. These include the absence of physical
locking mechanisms for public parking, the lack of driver behavior analysis, and the dependency on stationary vehicles
for accurate license plate detection. Experts recommend employing machine learning to predict driver actions, enhancing
user data security, and integrating automated features to address these shortcomings.

3. METHODOLOGY
3.1 License plate parameters selection

The proposed system for vehicle license plate detection has been designed to leverage Al-driven object detection and
computer vision technologies. The following components and technologies have been identified for their effectiveness in
meeting the needs of this real-time, automated detection system:

- YOLO (You Only Look Once) Model: This advanced object detection algorithm has been chosen for its high
accuracy (96.95%) in detecting vehicle license plates in real time. YOLO is particularly useful for processing
multiple objects in a single frame, which is crucial for handling busy parking lots or areas with multiple vehicles.

- Raspberry Pi 4 with Camera: A Raspberry Pi 4 paired with a high-resolution camera is used for capturing real-
time footage. Its compact size and affordability make it an ideal option for deploying smart parking solutions in
urban environments.

- Computer Vision Techniques: To enhance license plate detection, preprocessing methods such as image
enhancement, brightness adjustments, and contrast modifications are employed. These help improve accuracy in
challenging conditions like low light or glare from headlights.

- Machine Learning for Data Optimization: Machine learning models are applied to optimize the detection
process, especially in scenarios where plates may be obscured, or the camera angle is not ideal. Training the
system on diverse datasets ensures robust performance under various environmental conditions.

- Cloud Integration for Data Storage: Although the initial processing is handled locally via edge computing,
cloud integration is used for storing detected license plates and related metadata for further analysis, reporting,
or monitoring.

3.2 Data collection

A crucial aspect of this study was the collection and preparation of a comprehensive dataset to train our models effectively.
For this purpose, we utilized a dataset of 20,000 images, specifically focusing on license plates and vehicles from Vietnam.
This localized approach ensures that the system is well-suited to the unique characteristics and conditions commonly found
in Vietnam, such as specific license plate formats and environmental factors.

To build a reliable system, the dataset includes images representing various challenges commonly encountered in real-
world applications:

® Environmental Variations: Images captured in different weather conditions (sunny, rainy, foggy) and lighting
scenarios (daytime, night-time, low-light).

® Vietnamese License Plate Format: Often includes a single-row plate at the front of large vehicles (cars, trucks,
etc.) and a two-row plate on motorbikes, as well as at the back of large vehicles.

® Angle Variations: License plates captured from multiple angles, including straight-on, tilted, and side
perspectives.

® Noise and Obstructions: Data with blurred plates, dirt-covered plates, or partial obstructions to train the model
for better generalization.
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Figure 1: Diversity of environmental conditions
3.3 License plate detection

In this part of the study, we've focused on License Plate Detection. This stage plays a crucial role in the overall system
but also introduces additional complexity, particularly when it comes to processing speed and system costs. As we move
through these stages, the demand for computational resources increases, making it necessary to carefully optimize for
efficiency and accuracy.

Fortunately, advancements in object detection models have allowed us to address these challenges effectively. The YOLO
(You Only Look Once) model family, specifically versions 8, 9, 10, and 11, has shown impressive capabilities in
recognizing even small objects with high accuracy. This is particularly important for license plate detection, where
precision is critical for identifying plates in real time under varying conditions.

For this study, we've designed a series of detection models based on YOLOv8-m, YOLOV9-c, YOLOvV10-b, and
YOLOvV11-l, each optimized for specific needs. The input image size for these models is set at 640, ensuring a balance
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between high resolution and fast processing speeds. These models are tailored to work seamlessly, providing real-time
detection of both vehicles and license plates with remarkable accuracy.

Training
configurations

.. \ Self-trained
Training »| 300 epochs
datasets \ o2k

Pre-trained
YOLO weight

Figure 2: Training Pipelines

By leveraging the strengths of each YOLO version, we can process images efficiently, even in dynamic environments,
ensuring that our smart parking system remains responsive and accurate. Despite the increasing complexity at each stage,
the power of YOLQ's advanced algorithms allows us to maintain optimal performance, enabling real-time detection
without compromising the user experience.

Contrast enhancement: First, to improve image clarity, the original BGR image is first converted to the Lab color space,
separating lightness (L) from color (a and b). We then apply CLAHE (Contrast Limited Adaptive Histogram Equalization)
[18] to enhance the lightness channel, making features more visible, especially in low-light conditions.

H(r) =Yt for p(s) forr=0,1,2,...,L—1 1)
where:

e p(s) is the probability of the intensity values.

e L isthe number of intensity levels (256 for 8-bit images).

After that, we used with Hough Transform Algorithm to identify the edge and structure of the plate. This method works
by mapping edge pixels detected by the Canny edge detector into a parameter space defined by p and 8, where a line is
represented as:

p = x.cos (0) +y.sin(0) )
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Here, p is the perpendicular distance from the origin to the line, and 8 is the angle of the line’s normal.

We applied the Probabilistic Hough Transform, which efficiently detects and outputs the endpoints of line segments.
This approach allowed us to focus on significant structural lines while ignoring smaller, irrelevant details. The transform
was configured with specific parameters: a resolution of Ap = 1 pixel and A8 = % radians, a threshold for minimum
votes to confirm a line, a minimum line length of % and a maximum line gap of % These settings ensured the accurate
detection of longer and continuous lines, which are crucial for identifying the plate’s structure.

The resulting line segments were further analyzed to calculate the skew angle of the plate. This was done by averaging the

orientations of prominent lines while excluding outliers, such as extreme angles caused by noise. The computed skew
angle was then used to deskew the image, ensuring the plate was properly aligned for further processing steps.

a) b)

) d)

Figure 3: Frame of the license plate after being captured

To correct the skew of the license plate, we used a rotation matrix to adjust the image orientation based on the calculated
skew angle. A rotation matrix is a mathematical transformation that rotates an image around a specified point, typically

the image center, without altering its shape or size. For a given rotation angle &, the matrix is defined as:
_[cos(8) —sin(6) tx 2
“|sin(8) cos(8) ty @)



Journal of Data Science and Artificial Intelligence

Here:
® cos (0) and sin (8) define a rotation.

® tx and ty are translation offsets to ensure the image rotates around its center.

In our implementation, the rotation matrix is computed using OpenCV where the center of the image serves as the pivot
point. The translation offsets tx and ty is automatically adjusted to prevent cropping during rotation. The skew angle,

derived from the Hough Transform, is passed 6 to align the image properly.

Figure 4: Result after skewing the image
3.4 Character segment recognition

In the next stage of the study, we implemented Character Detection, a critical component for accurately recognizing and
processing the information displayed on detected license plates. This stage is essential for transforming image data into
meaningful alphanumeric information that can be stored, analyzed, or used in decision-making processes. This stage
almost uses the processed image in the previous state (License Plate Detection) to process, which is in Figure 7.

We also utilized YOLO models to train the Character Detection model, specifically versions 8, 9, 10, and 11 because
each version brings unique enhancements that improve object recognition accuracy and speed. By integrating these
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strengths, we have developed robust detection models based on YOLOv8-m, YOLOV9-¢c, YOLOv10-h, and YOLOv11-l.
These models have been optimized to handle a wide range of license plate conditions, ensuring adaptability to real-world
scenarios.

R418Ba g5 B3 2¢ 7 2fd el 08T ffiBtasec0116abod
N C 4 0.80.8 K008

688057 JR TR 3p6aReP64159344023BOAIE
U0.108

Figure 5: Result after the Character Recognition model is trained
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3.5 Edge computing module

This study introduces our smart parking system, which utilizes an Edge Computing Module to offload computationally
intensive tasks from the Raspberry Pi. Recognizing that the Raspberry Pi lacks the processing power required to handle
advanced Al models like YOLO, we implemented a practical workaround to address this limitation. Specifically, our
system employs two separate Al models, which would otherwise overwhelm the Raspberry Pi's capabilities.

To overcome this challenge, we decided to use a method that connect the Raspberry Pi to a local machine equipped with
an external GPU. This approach allows the computationally demanding tasks to be executed efficiently on the external
GPU while the Raspberry Pi focuses on less resource-intensive functions. By distributing the workload, we achieve a
seamless and effective solution, ensuring that our smart parking system operates smoothly in real-time without
compromising on performance or accuracy.

leT
M statistics

Total plates today
B 30

Dashboard

Total vehicles curently on 11/25/2024

i )

Slot number License Plate Image Time in

i License N/A

N/A N/A
’ ! Plate

Figure 6: A web application dashboard overview

Moving to Figure 6 where the Dashboard of the website is located, this page has the mission to contain and update new
raw data every day by dividing different colorful squares on the left-hand side, these squares including the statistics of the
camera(s) exist in the parking slot, the sum of vehicle’s plates in a day,... Moreover, the right-hand side established the
screen of the live stream camera that is connected directly to the Raspberry Pi 4 for surveilling and also increasing the
security in the parking space, furthermore, after the raw data have been processed, these data will be presented into the
divided columns table below covering with an individual title like Slot Number, License Plate, Image and Time In to the
parking slot that all are fetching in real-time through the Firestore database.
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4. IMPLEMENTATION AND EVALUATION

4.1 System Design
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Figure 7: Real-time License Plate Processing System Diagram
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The proposed system is illustrated in Figure 7, comprising several interconnected components: a sensor component for
vehicle detection, a microcontroller component for data preprocessing, a transfer component for data delivery, and an edge
computing component for processing and integrating data with loT platforms. This architecture enables real-time license
plate recognition and management.

The system workflow begins with an ultrasonic sensor detecting the presence of a vehicle in step 1. Upon detection, a USB
camera captures the license plate image and transfers it to the Raspberry Pi 4 via a USB connection. As step 4, the
Raspberry Pi preprocesses the image before forwarding it to a local server using a wireless gateway. On the local server,
the ASPS10 model processes the data for license plate recognition. The processed information is then uploaded to a cloud
database (Firebase and Cloudinary) for storage. APIs are used to visualize and interact with the data on web (React) and
mobile (Flutter) applications, ensuring a seamless user experience.

4.2 Implementation

Our license plate detection project utilizes advanced technology to identify and recognize vehicle license plates efficiently.
The system integrates real-time image processing with local computing power to ensure high accuracy and fast detection
speeds. By leveraging the research and optimization of detection parameters, it can accurately identify license plates in
various conditions, including low light and motion blur.

The project is designed to operate on scalable, cost-effective infrastructure, utilizing Raspberry Pi 4 Model B and open-
source tools to streamline deployment. With the use of appropriate Al libraries and frameworks, the system provides users
with an intuitive and seamless experience. Aimed at improving traffic management and enhancing security, this project
contributes to a broader goal of supporting smart city initiatives. All components and tools are accessible, promoting
openness and encouraging further innovation.

Figure 8: External hardware
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By hosting the server locally, we ensure effective management of any issues that arise while maintaining full control over
its performance. We also use Cloudinary as cloud storage to save all the captured images and display them in our web
application. We recommend leveraging a server-side API integrated with an optimized web page and mobile application
for seamless access to detection results and system status from any location.

The website’s front end as shown in Figure 6, and with an overview of the result in Figure 9, built using the React
framework, organizes the user interface into functional areas, including data visualization and system monitoring.

Figure 9: A dashboard with visualizing license plate data

Enter License Plate Q }
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m 80K2-67821

Time In
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Slot Number
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Parking Fee
0 VND

Another site that this project has included besides the website for administrator above is the mobile application - where
the screen will show the user some basic information that fetches at the same database in Firestore with the website like
Time In, Slot Number, and Parking Fee. Additionally, we also designed two brand-new functions including a bar for
searching for a vehicle in the parking slot more quickly and reserving a slot before coming to the parking slot.

Figure 10: Homepage screen with basic information and reserve slot
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4.3 Evaluation

Table 1: Average evaluation with some previous methods

Ref. | Image | Correct | Error | Averag | Dataset | Challenges | Processing | Hardwar- | Remarks
total rate rate e (%) Source | Addressed Speed e Used
Ref. No No No 38.63 - Limited - Not Low
[11] contextual mentioned accuracy
testing due to
limited
scope
Ref. 700 682 18 97.43 Private | Illuminatio- - Desktop High
[12] n and angle GPU accuracy on
variations small
dataset
Ref. 1000 910 90 91.00 - Basic - Not Generalizabl
[13] illuminatio- mentioned -e but
n moderate
challenges accuracy
Ref. 1176 1125 51 95.7 Private | Angleand | ~1.12s/imag- | Desktop Robust for
[14] background e GPU specific
variations datasets
Ref. 11696 11111 585 95.00 Private | Backgroun- | ~0.003s/ima- | GTX 1080 | Well-suited
[15] d and plate ge for high-end
dimension hardware
variations
Ref. 805 747 58 92.85 - Backgroun- | ~0.65s/imag- | Desktop | Lightweight
[16] d clutter e GPU and efficient
and system
weather
conditions
Ref. 900 870 30 96.7 Public Basic ~0.06s/imag- | RTX 5000 | Optimized
[17] illuminatio- e for edge
n devices
challenges
Our | 20000 19390 610 96.95 Custo- All ~0.04s/imag- | Rasberry Most
met- m (illuminatio e Pid+ accurate and
hod -n, angles, RTX 3080 scalable
weather, solution
etc.)

In general, Table 1 highlights the effectiveness of the proposed method in solving challenges such as illumination,
background variation, and license plate dimensions. The clear improvement in performance across a large dataset validates
its practicality and applicability in real-world scenarios.

After completing the implementation of our proposed system, we conducted a detailed evaluation and comparison with
related studies. While many existing systems address the fundamental needs of a smart parking solution, several limitations
persist. These include insufficiently diverse datasets, a lack of seamless integration between hardware and software
components, and minimal or superficial application of Al technologies, all of which hinder their overall performance. Our
system has been specifically designed to overcome these shortcomings, focusing on robust Al integration, compatibility
across hardware-software platforms, and leveraging a comprehensive, diverse dataset.
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Moreover, since Al forms the backbone of our system, we prioritized benchmarking the proposed model against other
established models. This comparison allows us to highlight our system's superior accuracy, adaptability, and ability to
handle real-world challenges such as varying lighting conditions, different weather scenarios, and non-standard license
plate orientations. By addressing these gaps and advancing the application of Al, our proposed solution not only bridges
the deficiencies found in prior systems but also sets a higher standard for smart parking technology.

Table 2: Comparison between Proposal Smart Parking System and Related Systems

Field Detail Our propose System [17] System [12] IseeCarRecognizer
system [16]
Hardware Raspberry Pi X
Deployment
Publication Open source X
Result step Correctness X X X X
showing Completeness X X X X

This table provides a comparative analysis between our proposed system and three related systems in terms of key
technical and functional criteria. The purpose of this comparison is to highlight the strengths and unique features of the
proposed system. Below are the clarified fields:

e Raspberry Pi: Indicates whether the system utilizes a Raspberry Pi, a cost-effective, versatile, and compact
hardware platform suitable for edge computing and 10T applications.

e Publication: Determines if the system is open-source, allowing other developers and researchers to replicate or
modify the project.

e Result Step Showing: Divided into two subcategories:
o Correctness: Evaluate the accuracy and reliability of the results.
o Completeness: If the system provides comprehensive output or meets the required functionalities in
every scenario.

Benefits of our system:

e Robust License Plate Recognition: Capable of detecting license plates accurately under various conditions,
including different angles and weather challenges.

e Edge Computing Deployment: Efficiently utilizes local resources for Al processing, reducing dependency on
cloud services and ensuring real-time performance.

e User-Friendly Design: Includes a well-designed website interface that is cost-efficient, intuitive, and easy to
monitor.

5. CONCLUSION, DISCUSSION AND FUTURE WORKS

The implementation of a smart parking system combined with Artificial Intelligence and the Internet of Things has brought
Vietnam many great potential benefits and truly deserves deep attention. In the increasingly rapid urbanization revolution
in Vietnam in general and Ho Chi Minh City in particular, the parking challenge is increasingly becoming a headache for
experts in finding ways to solve this problem. The development of AloT has become one of the global development trends
as well as the most effective solution to solve the problem of lack of parking across Vietnam. loT allows parking lots to
operate more stably and securely, somehow reducing costs in paying human resources, while Artificial Intelligence plays
a role in speeding up the process of detecting - processing the license plate information and also increasing efficiency in
maximizing the number of empty spaces in the parking lot, from there increasing user attractiveness, aiming for users day
by day become familiar with these smart parking lots. In addition to the benefits above, other projects similar to this project
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are currently only being developed at a small and medium level and have not been fully established due to some cost issues
related to technology and hardware as well as the installation process has had a great impact on the development of these
projects across Vietnam as well as Ho Chi Minh City. To strongly push these similar projects to develop strongly in the
coming time, the need to be sponsored from both sides in terms of technology and hardware so that the product can be
optimized and definitely will bring more huge advanced impacts to businesses as well as the users so that users and
businesses can experience the service in the best and most effective way but in reasonable price.

In conclusion, the AloT-based smart parking system has proven more efficient than handwritten tickets. Integrating
advanced technologies such as real-time license plate recognition, automated entry and exit logging, and cloud-based data
management, this system minimizes human error and increases overall progress. This shift towards automation not only
increases operational efficiency but also paves the way for smarter, more scalable urban parking solutions.

This smart parking system, with the weaknesses mentioned above, will need many major upgrades in the future, for
example, the mobile application will be upgraded in terms of user interface, which can attract more customers, or the
function of booking parking spaces before arriving will be upgraded soon helping to minimize the possibility of stopping
in the parking lot leading to the congestion. In the end the improvement of detecting and recognizing license plates, based
on the various datasets combined with more kinds of conditions will lead to the model with higher precision soon and
using different types of models to find out which model serves the best performance among them, the result is that from
there can minimize all the common errors that happen to previous systems had been installed.
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