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ABSTRACT

In our rapidly advancing world, the integration of automation has become pivotal for modern living
particularly in car parking management. Hence, this research project is focused on design and
construction of RFID-based Car Parking System while utilizing Arduino technology. Defering from
manual check-ins, this system employs RFID technology to seamlessly detect and manage vehicles,
reducing congestion and enhancing the overall parking experience. The project's standout features
include real-time monitoring, contactless RFID communication, and adaptability for diverse urban
settings. In addition, the system shows a real-time monitoring capability, made possible by RFID
tags affixed to vehicles. The testing showed that the system can instantaneously track the number of
cars within the parking lot, providing a visible display of parking space availability. This not only
saves valuable time for drivers but also alleviates the stress associated with endless circling in search
of parking spaces. This innovation addresses challenges posed by urbanization and increasing

vehicle numbers, offering real-time information on parking availability.
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CHAPTER ONE

INTRODUCTION

1.1  BACKGROUND

In today's rapidly advancing world, automation has become a cornerstone of modern living. In line
with this trend, we have conceived and developed a cutting-edge project that leverages Arduino and
RFID technology to create an exceptionally efficient car parking management system. This
innovative system not only simplifies the complexities of managing vehicle parking but also offers
a seamless and hassle-free experience for both drivers and parking facility operators, the core
concept behind our RFID-based Car Parking System is to revolutionize how we handle vehicular
traffic within parking areas. Gone are the days of manual check-ins and check-outs that often lead
to frustrating traffic jams at entry and exit points. Our system employs the power of RFID technology
to automatically detect and manage vehicles as they enter and exit the parking facility (Ramya et al.,
2012).

In recent years, the rapid increase in urbanization and the growing number of vehicles on the road
have posed significant challenges for parking management. Traditional parking systems often lead
to congestion, inefficiency, and frustration among drivers searching for available parking spots. To
address these issues, advanced technologies, such as Radio-Frequency Identification (RFID), have
been integrated into parking systems to create smarter and more efficient solutions (Rodrigue, 2023).
Traditionally, many parking facilities, not limited to educational institutions, still rely on manual
parking systems. These systems involve recording vehicle entries and exits in physical logbooks and
utilizing slow communication methods, such as walkie-talkies, to check parking slot availability.
This outdated approach not only leads to inefficiencies but also poses potential security risks (Alfian,
2016). To address these challenges and provide enhanced security and convenience, modern parking
systems are required. These systems leverage advanced technologies to automate parking processes,
minimize human involvement, and ensure the safety of parked vehicles. With the integration of smart

solutions, parking facilities can offer real-time information about available parking spaces,
8



streamline entry and exit procedures, and enhance overall security for everyone using the parking
area. These advancements in parking systems extend beyond educational institutions and find
application in various public and private parking spaces (Zhang, 2023). As the cutting-edge
technology continues to advance, it holds the potential to interconnect various objects in our
environment, facilitating seamless communication between them, and reducing the need for
extensive human intervention. (Pham et al., 2015).

The RFID Car Parking System is an innovative project that leverages Arduino microcontrollers and
RFID tags to automate and streamline the parking process. RFID technology allows for contactless
communication between the RFID reader (installed at the entry and exit points of the parking lot)
and RFID tags affixed to vehicles.

When a vehicle equipped with an RFID tag approaches the parking lot entrance, the RFID reader
identifies the unique tag and grants access to the vehicle. As the vehicle leaves the parking area, the
RFID reader again detects the tag, allowing for a seamless exit process. This automation significantly
reduces the need for manual intervention, leading to smoother traffic flow and enhanced user
experience (Mahima, (2023).

One of the standout features of our project is its real-time monitoring capability. By utilizing RFID
tags affixed to vehicles, our system can instantaneously track the number of cars within the parking
lot. This information is then prominently displayed, ensuring that drivers can quickly identify the
availability of parking spaces without the need to circle the lot endlessly. This not only saves
precious time but also reduces stress for drivers, making parking a stress-free experience.

The advantages of our RFID-based Car Parking System extend far beyond the realm of convenience.
This technology is versatile and can be seamlessly integrated into various urban areas where parking
management is a critical concern. Think of bustling locations such as shopping malls, hospitals,
airports, cinema halls, apartments, and more. In these high-traffic environments, our system can be

a game-changer, effectively mitigating congestion issues during peak hours (Florea, 2013).



1.2  PROBLEM STATEMENT

The current car parking systems in urban areas are plagued by various inefficiencies and limitations,
leading to congestion, long waiting times, and manual ticketing processes. These challenges pose
significant problems for both drivers and parking administrators. Inefficient space utilization, lack
of real-time monitoring, and inadequate security measures contribute to a suboptimal parking
experience. Additionally, the lack of real-time monitoring and information about parking availability
makes it difficult for drivers to locate vacant parking spots efficiently.

Limited space in urban areas poses a significant challenge for parking systems. To meet the
increasing demand for parking, it is crucial to maximize parking space utilization while
accommodating a growing number of vehicles. Traditional parking systems struggle to optimize
space allocation, which can lead to inefficient usage and potential revenue loss. Hence, an automated
parking system utilizing RFID will solve some of these challeges associated with traditional parking

system

1.3 AIM AND OBJECTIVES

The aim of the project is to design and implement an RFID-based smart car parking system that
addresses the limitations of traditional parking systems.

Objectives:
1. To develop a system architecture for the RFID-based smart car parking system that integrates

hardware components and software interfaces effectively.

2. To implement RFID technology for vehicle identification and access control, enabling seamless
and automated entry and exit processes.

3. To incorporate infrared (IR) sensors to detect vehicle presence and trigger necessary actions for
efficient traffic flow within the parking facility.

4. Todesign and develop a user-friendly interface that provides real-time information about parking
availability and instructions for drivers.

5. To integrate an LCD display to facilitate real-time monitoring of the number of available parking

spaces, reducing search time for drivers.
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1.4 RESEARCH HYPOTHESES

Based on the objectives of the study, the following research hypotheses are stated in their null form
to guide the analysis of the study:

HO;: RFID-based smart parking systems contribute to improved parking space utilization by
optimizing the allocation of parking spots, leading to a reduction in underutilized spaces.

HO>: Enhanced security features integrated into RFID-based smart parking systems reduce the
incidence of vehicle theft and vandalism in parking facilities, resulting in a safer parking
environment for users.

HO0s. The adoption of RFID-based smart parking systems leads to a measurable reduction in traffic
congestion in urban areas, as it streamlines the entry and exit of vehicles and minimizes parking-

related delays.

1.5 JUSTIFICATION OF STUDY
The Design and Implementation of an RFID-based Smart Car Parking System project holds

significant importance due to the following justifications:

The current car parking systems in urban areas often suffer from inefficiencies, leading to congestion
and long waiting times. By implementing an RFID-based smart car parking system, the project aims
to streamline the parking process, reducing the time required for check-ins and check-outs. This
improvement in efficiency will result in reduced congestion, smoother traffic flow, and a more
convenient parking experience for drivers (Shenoy Basty et al., 2022).

In urban areas, where land availability is limited and the cost of land is high, optimizing parking
space utilization is crucial. The proposed system aims to allocate parking spaces efficiently,
maximizing the capacity of the parking facility. By utilizing intelligent algorithms and real-time
monitoring, the project ensures that available parking spaces are utilized optimally, mitigating the
challenges posed by limited parking infrastructure (Grodi et al,2017).

Traditional parking systems often lack robust security measures, making vehicles susceptible to theft
and unauthorized access. With the implementation of RFID technology, the proposed system offers
enhanced security features. Each vehicle will be assigned an RFID card for authentication, ensuring

11



that only authorized vehicles can access the parking facility. This authentication mechanism reduces
the risk of theft and enhances the overall security of the parked vehicles (Anusooya & Jackson,
2017).

The proposed system is designed to be adaptable and versatile, making it suitable for deployment in
various high-traffic areas such as shopping malls, hospitals, airports, cinema halls, and apartments.
Its flexibility allows it to be customized to meet the specific requirements of different parking
environments, providing a scalable solution that can cater to diverse parking needs

The project utilizes RFID technology and automation to create an advanced car parking system. By
embracing technological advancements, the project contributes to the modernization of parking
systems and aligns with the growing trend of automation in various industries. It serves as a practical
application of emerging technologies, demonstrating their potential to revolutionize traditional

practices (Khan, Asif, & Usman, 2022).

1.6 SCOPE OF STUDY

This research study aims to investigate the implementation and impact of RFID-based smart parking
systems within urban environments. The study will encompass the technical aspects of these
systems, user experiences, space utilization, security measures, traffic management, economic

implications, and any associated challenges or limitations.

1.7 SUMMARY

Chapter one aims to provide an overview of RFID-based smart parking systems, highlighting their
potential to revolutionize urban parking management. We identified challenges in current parking
systems, including congestion and inefficiencies, and outlined the benefits of RFID-based solutions,
such as real-time monitoring, improved space utilization, enhanced security, and traffic
management. Research hypotheses and null hypotheses were proposed to investigate system
effectiveness comprehensively. The scope of the study was defined, focusing on technology
implementation, user experience, space utilization, security, traffic management, economic

implications, and challenges. The study aims to contribute valuable insights into the role of RFID-
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based smart parking systems in urban settings, addressing current parking issues and exploring

potential solutions.
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CHAPTER TWO

LITERATURE REVIEW

2.1 THEORETICAL BACKGROUND

2.1.1 Arduino Microcontroller Board

A microcontroller is a compact integrated circuit designed to govern a specific operation in an
embedded system. Any product or device that interacts with the user has a microcontroller buried
inside (Pérez-Ezquerra et al., 2010). The most well-known microcontrollers used are usually the
single-board microcontroller. Single-board microcontrollers appeared in the late 1970s when the first
generations of microprocessors, such as the 6502 and the Z80, made it practical to build an entire
controller on a single board, and affordable to dedicate a processor chip to such a relatively minor
task (Silva et al., 2011). Single-board microcontroller is a microcontroller built onto a single printed
circuit board. This board provides all of the circuitry necessary for a useful control task:
microprocessor, I/O circuits, clock generator, RAM, stored program memory and any support ICs
necessary. The intention is that the board is immediately useful to an application developer, without
needing to spend time and effort in developing the controller hardware (Do et al., 2012). Also they
are usually low-cost hardware. Thus single-board microcontrollers have long been popular for
educational purposes. Example of popular single-board microcontrollers are: Arduino, Dwengo and
Wiring (development platform).

Arduino has certain advantages when compared with other microcontrollers. It simplifies the amount
of hardware and software development for both programmers and non-programmers. The Arduino
hardware platform already has the power and reset circuitry setup as well as circuitry to program and
communicate with the microcontroller over USB. In addition, the I/O pins of the microcontroller are
typically already fed out to sockets/headers for easy access. Besides, Arduino provides number of
libraries to make programming easier.

Arduino is an open-source electronics prototyping platform based on flexible, easy-to-use hardware

and software (Kurniawan & Sari, 2013). It can sense the environment by obtaining input data from
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variety sensors and can also be used to control the surrounding, such as lights, air condition and other
actuators.

Arduino microcontroller board is programmed using Arduino programming language (based on
Wiring & C language) and the Arduino development environment (based on Processing) is an open-
source IDE. Arduino projects can be stand-alone or they can communicate with software running on
a computer (e.g. Flash, Processing, MaxMSP), (Morcillo et al., 2014). The Arduino boards can be
purchased or assembled by hand. It comes in many forms under different names, size and height,
such as Arduino UNO and Arduino LilyPad. One of the most available worldwide and popular
Arduino formats to date is the Arduino Uno (Ali et al., 2015). Arduino UNO is a microcontroller
board based on ATmega328 that is currently made in Italy by SmartProjects. It has 14 digital
input/output pins, 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an

ICSP header, and a reset button as shown in figure 2.1 (Almeida et al., 2016).
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Figure 2.1: Arduino UNO Microcontroller Board
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The detail specifications of Arduino UNO are listed in the table 2.1.

Table 2.1: Specifications of Arduino UNO

Parameter Values

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 kB used by
bootloader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

2.1.2 RC522 RFID Reader Module

Radio-Frequency Identification (RFID) technology is an automated data capture and identification
method that utilizes radio waves to transfer data between an RFID reader and an RFID tag
(Finkenzeller, 2010). This technology has gained significant attention and adoption across various
industries due to its ability to streamline processes, enhance security, and improve inventory
management (Chien, 2006). The RFID RC522 module is a specific RFID reader module that operates
based on RFID principles. It consists of an integrated radio-frequency transceiver, a microcontroller
unit, and various communication interfaces (Zhao, Li, Zhang, 2019). The module's main function is
to read data from RFID tags and transmit it to an external microcontroller or computer for further

processing.
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The RFID RC522 module follows the fundamental principles of RFID technology. When an RFID
tag enters the module's operational range, it receives power through electromagnetic induction from
the module's reader circuit and subsequently transmits its unique identification data (Chien, 2006).
The reader module, equipped with an antenna, captures this data and interfaces with a connected
microcontroller to facilitate data interpretation and integration into various applications.

The RFID RC522 module comprises several crucial components, including an integrated voltage
regulator that allows compatibility with both 3.3V and 5V microcontrollers (Dong, Dong, Wu,
2016). This versatility in voltage regulation simplifies integration into a wide range of applications.
Additionally, it contains a 32-bit microcontroller and communication interfaces that enable seamless
data transfer between the module and external systems (Zhao, Li, Zhang, 2019). The RFID RC522
module operates in the 13.56 MHz frequency band, categorized as High-Frequency (HF) RFID
technology (Buehl, 2014). This frequency range is globally accepted, ensuring compatibility with
RFID tags and cards adhering to ISO 14443 and ISO 15693 standards. The use of HF RFID
technology strikes a balance between reading range and interference, making it suitable for
applications like access control, inventory management, and contactless payments (Buehl, 2014).
The RFID RC522 module is employed across diverse industries due to its adaptability. In the realm
of access control, it regulates and records entry to secure areas, enhancing security and ensuring
authorized personnel-only access (Ming, 2009). Libraries utilize the RC522 technology to manage
and track books efficiently, simplifying the check-in and check-out processes (Li, Liu, Yin, 2011).
In the retail sector, the module aids inventory management by enabling real-time monitoring of
products on store shelves (Zheng, Li, Zhang, 2014). Furthermore, public transportation systems
benefit from RFID RC522 for contactless fare payment (Kim, Yoon, Cho, 2013). Security is a
paramount concern in RFID technology implementation. To safeguard data, encryption and
authentication mechanisms are crucial for securing communication between the RFID RC522
module and RFID tags (Huang, Chang, & Liao, 2013). Additionally, physical security measures,
like tamper-evident labels, protect the RC522 module from physical attacks or tampering (Younus,

Shakir, & Chaudhry, 2019).
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Figure 2.2: RC522 RFID Reader Module.

The detail specifications of RC522 RFID Reader Module are listed in the table 2.2

Table 2.2: Specifications of RC522 RFID Reader Module

Component/Specification

Description

Operating Frequency 13.56 MHz (HF)
Supported Standards ISO 14443, ISO 15693
Operating Voltage 3.3Vor5V
Microcontroller 32-bit integrated

Communication Interfaces

SPI, 12C, UART

Antenna Built-in

Max Read Range Typically up to 10 cm

Supported RFID Tags MIFARE Classic, MIFARE Ultralight,
NTAG, and more

Power Supply Integrated voltage regulator for both 3.3V and
5V microcontrollers

Dimensions Typically 60mm x 40mm
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2.1.3 MFRCS522 RFID Tag

RFID (Radio-Frequency Identification) card tags are a common and essential component in RFID
systems, enabling the identification and tracking of objects, people, and assets through radio waves
(Finkenzeller, 2010). These card tags are widely used in various applications due to their
convenience and versatility. RFID card tags, also known as smart cards or proximity cards, are
compact, portable devices equipped with an embedded RFID transponder. They are designed to be
carried or attached to items, and they come in various form factors, including credit card-sized cards,
key fobs, and wristbands (Finkenzeller, 2010). The key element of an RFID card tag is the RFID
chip, which contains essential data and communicates with RFID readers. RFID card tags operate
based on the fundamental principles of RFID technology. When brought into the proximity of an
RFID reader, which generates an electromagnetic field, the RFID card tag's chip receives power
through electromagnetic induction (Chien, 2006). In response, the chip transmits its unique
identification data back to the reader, allowing for the identification and tracking of the tagged item
or individual (Chien, 2006). RFID card tags consist of several key components, including an RFID
chip, an antenna for communication, and sometimes additional security features like encryption or
authentication protocols. The RFID chip stores the unique identification data, while the antenna
facilitates communication with the RFID reader (Chien, 2006). Some advanced RFID card tags may
also include features like tamper-evident seals or biometric sensors for enhanced security.

RFID card tags can operate in different frequency bands, with the most common ones being High-
Frequency (HF) at 13.56 MHz and Ultra-High Frequency (UHF) at around 860-960 MHz (Buehl,
2014). The choice of frequency band depends on the specific application requirements, with HF tags
being suitable for short-range applications and UHF tags offering longer read ranges. Security is a
paramount concern when using RFID card tags, especially in applications like access control and
payment systems. To protect the data stored on the card and ensure secure communication with
readers, encryption and authentication mechanisms are often implemented (Huang, Chang, & Liao,

2013). This safeguards the card from unauthorized access and data theft.
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Figure 2.3 MFRC522 RFID Tag.

The detail specifications of MFRC522 RFID Tag are listed in the table 2.3

Table 2.2: Specifications of MFRC522 RFID Tag

Component/Specification Description

RFID Chip Embedded microchip storing unique
identification data
Antenna Facilitates communication with RFID readers
Form Factors Various options such as credit card-sized

cards, key fobs, wristbands, and more

2.1.4 SGY90 Servo Motor

The SG90 servo motor is a compact and versatile device that plays a fundamental role in various
applications, from robotics to industrial automation. It is known for its precise control and ability to
rotate to specific angles, making it an essential component in numerous projects (Smith, 2018). The
SGI0 servo motor is a type of rotary actuator that converts electrical signals into precise angular
displacement. It is designed to provide controlled motion, with the ability to rotate within a specified
range of angles. The motor operates on the principle of closed-loop control, which ensures accurate
positioning (Jones, 2017).

The SG90 servo motor relies on a feedback control system. It consists of a motor, gears, a
potentiometer, control circuitry, and a feedback mechanism. When an electrical signal is applied to

the motor, it moves to the desired position. The potentiometer measures the motor's current position
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and provides feedback to the control circuitry. The control circuitry then adjusts the motor's position
until it matches the desired angle, creating a closed-loop system (Brown, 2020).

The SG90 servo motor comprises several key components, including a DC motor, gears, a
potentiometer, a control circuit board, and a feedback loop. These components work together to
provide precise and controlled motion. The gears amplify the rotational movement of the DC motor,
allowing for more accurate and slower motion of the output shaft (Wilson, 2019). The SG90 servo
motor finds widespread use in robotics, remote-controlled vehicles, model airplanes, camera
gimbals, and other applications where precise control of rotational motion is required. Its ability to
accurately position objects or components makes it an indispensable tool in projects that demand
controlled movement (Jones, 2017).
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Figure 2.4: SG90 Servo Motor.

The detail specifications of MFRC522 RFID Tag.are listed in the table 2.4.

Table 2.3: Specifications of MFRC522 RFID Tag

Specification Description
Operating Voltage Typically 4.8V to 6V
Stall Torque Around 1.8 kg/cm
Speed Approximately 0.1 sec/60 degrees
(at 6V)
Rotation Range About 180 degrees
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2.1.4 Ultrasonic-Sensor-Hc-Sr04

Ultrasonic sensors are versatile devices that utilize high-frequency sound waves to measure distances
and detect objects. Their ability to operate in various environments, including darkness and non-
transparent surfaces, makes them valuable tools for a wide range of applications. This
comprehensive background delves into the fundamental principles, working mechanisms, and
applications of ultrasonic sensors. Ultrasonic sensors operate based on the concept of echolocation,
a technique used by animals like bats to navigate and perceive their surroundings (Griffin, 1958).
These sensors emit sound waves at frequencies ranging from 20 kHz to 100 kHz, which are beyond
the human audible range. These ultrasonic waves travel through the air or other mediums and strike
objects in their path. Upon encountering an object, a portion of the ultrasonic wave reflects back
towards the sensor. The sensor detects the reflected wave and measures the time it takes for the echo
to return. An ultrasonic sensor typically consists of two main components: a transmitter and a reciver
(Goto, 2017). The transmitter generates high-frequency sound waves using piezoelectric crystals,
which convert electrical energy into mechanical vibrations. These vibrations propagate through the
medium, creating a sound wave that travels towards the target object.

The receiver, located opposite the transmitter, acts as a microphone, converting the incoming sound
waves back into electrical signals. These signals are processed to determine the distance to the object.
The time difference between the emission of the ultrasonic wave and the reception of the echo is
calculated. The distance is then determined using the following formula:

Distance = (Speed of Sound x Time of Flight)/2

where speed of sound is approximately 343 m/s in air at standard temperature and pressure.
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The detail specifications of Ultrasonic-Sensor-He-Sr04 are listed in the table 2.5.

Table 2.4: specifications of Ultrasonic-Sensor-He-Sr04

Feature Specification
Principle of operation Echolocation
Operating frequency 20 kHz - 100 kHz

Transmitter generates sound
Working mechanism waves, receiver detects reflected

sound waves

2.2 REVIEW OF RELATED WORK

In this section, some related works of smart parking are presented. Study of these existing systems
shows that these systems need little or more human intervention for the functioning.

In 2018, a paper titled 'Smart Parking Sensors, Technologies, and Applications for Open Parking
Lots' was presented by Vijay Paidi, Hasan Fleyeh, Johan Hékansson, and Roger G. Nyberg. The
authors recommended the implementation of intelligent parking sensors, technologies, and
applications specifically tailored for open parking lots. The study proposed a combination of

machine vision, convolutional neural networks, and multi-agent systems, deemed suitable for open
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parking lots due to their cost-effectiveness and resilience to diverse environmental conditions. Given
the absence of reservation options in open parking lots, assisting drivers in the decision-making
process of selecting a parking space becomes challenging.

Dharmini Kanteti, D V S Srikar and T K Ramesh published paper titled ‘Smart Parking System for
Commercial Stretch in Cities’ in 2017[3] . They developed a Smart Parking System. In their model
preregistered IP cameras would capture the vehicle registration number and then they would proceed
without interruptions. Their details like parking time estimate, their place of visit etc. would be
recorded. For pre-registered users, the amount would be deducted from e-wallet and then the
userswould be notified. A similar pricing system wouldbe followed for new users but the payment
would be offline. The disadvantages were that the system could serve all the parking requests but
beyond thenumber of 80 it couldn’t accommodate more cars since the parking became full.

In their 2014 work, Mainetti et al. Introduced a Smart Parking System (SPS) incorporating Ultra
High Frequency (UHF) RFID and IEEE 802.15.4 technology to identify available parking spaces
within a facility. The authors designed the system to guide drivers to the closest vacant parking spot
through a customized smartphone application. Furthermore, the implementation includes a Near
Field Communication (NFC)-based e-wallet feature for convenient payment of parking fees. The
authors integrated the Google Cloud Messaging (GCM) platform to notify both the system
administrator and the user about the expiration of the allotted parking time.

Additionally, the system has the capability to alert local law enforcement agencies about any
discrepancies in parking lots via a dedicated smartphone application. Mainetti, Palano, Patrono,
Stefanizzi, and Vergallo presented their findings during the 2014 22nd International Conference on
Software, Telecommunications, and Computer Networks (SoftCOM 2014), providing detailed
insights on the integration of RFID and WSN technologies in a smart parking system across pages
104-110.

In their work, Chatzigiannakis, Vitaletti, and Pyrgelis (2016) proposed an Internet of Things (IoT)-
based privacy-preserving Smart Parking System (SPS) platform. Instead of relying on conventional

cryptography based on the public key, the system employed Elliptic Curve Cryptography (ECC),
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particularly suitable for devices with constrained computational resources such as speed and
memory. Furthermore, the system integrated Zero-Knowledge Proofs (ZKP) to further enhance
privacy measures.

Another existing method Chatzigiannakis (2016) studied Valeo will be an assisted parking method
that will application a few devices and various factors that can help people fit their vehicles straight
into perhaps even a smallest parking attraction. The car theme parks again but without the driver’s
involvement. This product discusses making improvements to visitor working experience by way of
concept to help on the autopilot woodland car. BMW’s Recreation area Tool is usually the section
of its Attached Generate initiative.

In an Android-based application designed to retrieve information on available parking slots, users
input details such as area, state, and vehicle number. The application further allows users to enter
and exit times while selecting a parking location. Customer details are securely stored in a MYSQL
database. The system utilizes LEDs to visually indicate whether parking slots are empty or occupied.
Additionally, a camera captures the car number plate, and the image is processed to verify whether
the car belongs to an authorized user (Prof. Yashomati R. Dhumal et al, 2016).

The Smart Parking System, as proposed in (Faiz Ibrahim Shaikh et al, 2016) is founded on embedded
systems and utilizes sensor networks, incorporating both Android and Windows applications. This
system employs Raspberry Pi and IR sensors to identify vacant parking slots. V2I (Vehicle To
Infrastructure) communication is established to facilitate drivers in sending parking requests,
providing user information, and confirming reservation status. Conversely, Infrastructure to Vehicle
(I2V) communication is employed for reserved parking place applications, including the display of
directions. The system utilizes JSON format for data interchange, employing QR codes for security
purposes. A webcam is employed to scan the QR codes, ensuring authorization and displaying
directions to the designated parking lot.

The Smart Parking Guidance System proposed in (Amir O. Kotb, Shen, & Huang, 2017) focuses on
providing information and guidance for parking. The system offers driver information and

communicates parking slot availability through Variable Message Signs (VMS) accessible via the
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internet. The system can be categorized into two types: off-road and on-road. For off-road scenarios,
the system utilizes pneumatic tubes, loop detectors, acoustic sensors (measuring noise levels to
detect the presence of vehicles), and piezoelectric sensors (identifying vehicle presence through
vibrations). RFID technology is employed for security purposes. In on-road situations, the system
employs ultrasonic sensors that transmit waves to identify parking availability, and IR sensors that
emit reflected waves to determine whether a vehicle is present.

The system discussed in a paper (R. Khan et al., 2013). incorporates a digital key and robotic
techniques for an automated car parking system. Upon a car's entry, an IR detection subsystem
identifies its presence. The driver is then prompted to input a valid key and select either the parking
or retrieval option. Each key undergoes accuracy checks and is assigned a designated parking slot.
Upon entering the correct key, the car is lifted, along with the pallet, from the stack system and
placed in the designated spot. When drivers return to retrieve the car, they input the valid key, and
the system checks its database, returning the car to the driveway. The stack system adjusts by pulling
down pallets to accommodate incoming vehicles. The system incorporates a robotic lift with motors
for the precise placement of cars.

In the system discussed in another paper (A. Wafa & N. Zeba, 2015). A microcontroller 89S51 is
employed. The paper outlines an automated car parking system wherein users are assigned a unique
ID corresponding to the allocated trolley. The system aims to park and move cars with minimal
disturbance to already parked vehicles.

In another study (C. Patel, M. Swami, P. Saikia, & S. Shah, 2015).different researchers explored a
system utilizing RFID technology. According to their approach, vehicle owners must register their
vehicles with the parking facility to obtain an RFID tag. When parking is required, placing the RFID
tag near the RFID reader at the entry gate results in an automatic deduction of the specified amount
from the RFID tag. Simultaneously, the entry gate opens, allowing the car inside the parking area,
and the parking counter increments by one. Similarly, at the exit gate, the door opens, and the parking

counter is decremented.
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S. Rahmath Nisha, C. Shyamala, S. Pooja, Pilo Abarnia A, and Sabnam Shajeetha M. (2020)
introduced the article "RFID Based Smart Car Parking System Using IoT and Cloud." The paper
discusses the incorporation of RFID and cloud-based technology to enhance parking services in
urban areas. The proposed solution integrates the RFID concept with the Internet of Things (IoT),
connected to a cloud-based system, offering users information on the nearest available parking
spaces. To improve user accessibility, a website is developed, providing real-time information on
parking space availability. In densely populated areas, finding parking spots can be time-consuming
and fuel-inefficient. The article emphasizes the need for assistive technologies that can communicate
parking space availability to registered users. The RFID reader module scans RFID tags, and the
implementation proceeds accordingly. The web page displays a graphical representation of the
number of free and reserved parking spaces, with communication facilitated by the WIFI module
between the web page and the reader module.

In their work, Ankita Gupta, Ankit Srivastava, Rohit Anand, and Paras Chawla (2019) explore the
"Smart Vehicle Parking Monitoring System using RFID." With the continual rise in population
influx into developed, industrially, and technologically advanced urban areas, the imperative to
transform cities into smart entities has become evident. The evolution of smart cities involves the
integration of data sharing, artificial intelligence, machine learning, analytics, and the deployment
of numerous RFID tags and sensors. One of the primary concerns in developing smart cities is the
effective management of vehicles on the road, necessitating well-organized parking spaces to
alleviate traffic congestion in urban areas. The authors propose an autonomous system designed to
guide drivers to available parking spaces in real-time. The article presents a prototype of an
intelligent parking system based on the Internet of Things (IoT).

In their proposal for a Smart Parking System based on Wireless Sensor Network (WSN) and an
Ultrasonic sensor, Idris, Tamil, Noor, Razak, and Fong (2017) suggested using the shortest path
algorithm to guide users to the nearest available parking space. Furthermore, the system provides

real-time information on parking lot occupancy.
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In the development of an Internet of Things (IoT)-based Smart Parking System (SPS) for smart
cities, RFID and infrared sensors are employed, as outlined by Kumar Gandhi and Kameswara Rao
(2019). The system utilizes infrared sensors for detecting the status of parking lots, distinguishing
between vacant and occupied spaces. Subsequently, the sensor data is transmitted to the cloud
through WiFi. Users can conveniently access this data via a web application. The SPS incorporates
RFID tags for gate management and offers additional features such as parking reservations, online
payment options, and vehicle theft protection.

In their proposal for a novel smart parking solution, Zadeh and Cruz (2020) introduced a system to
provide motorists with information on available parking lots through a smartphone application. The
system employs ultrasonic sensors to monitor the number of vehicles entering and exiting the parking
space. A Raspberry Pi board processes the sensor data and sends it to the client-server for storage.
Users can access this data through their smartphone applications. Additionally, the system offers
vehicle guidance to the nearest parking area with available free parking lots.

In constructing the RFID car parking system, I successfully implemented elements that contribute
to its efficiency and user-friendliness. Despite these accomplishments, a critical self-reflection
prompts the identification of a specific area within the system that requires further investigation and
enhancement.

The RFID car parking system incorporates an array of technologies, each contributing to its overall
functionality. In terms of energy efficiency, the system benefits from the low power consumption of
RFID technology during card detection. However, continuous power usage in the RFID reader's
standby mode poses a consideration. To optimize energy consumption, potential improvements
involve investigating low-power states for the RFID reader during idle times and implementing a
sleep mode for the matrix display when inactive. This strategic approach aligns with the broader
trend in smart systems towards minimizing environmental impact.

Security measures are paramount in any access control system. The RFID authentication process
ensures secure communication between RFID cards and readers, yet vulnerabilities such as cloning

persist. The inclusion of a matrix display offers visual feedback during authentication, enhancing
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user understanding. However, the potential for unauthorized observation necessitates additional
security considerations. To fortify the system, encryption for RFID communication and exploration
of alternative authentication factors beyond RFID cards are recommended, providing a
comprehensive security framework for user protection.

The user experience is central to the success of any smart parking system. The matrix display, while
providing intuitive visual cues, faces limitations in the amount of information it can convey. Quick
and contactless RFID card access enhances user convenience, yet concerns about card loss or sharing
persist. To enhance user interaction, potential improvements include clearer visual messages on the
matrix display and exploration of user-friendly interfaces beyond RFID cards. Introducing multi-
factor authentication would not only bolster security but also contribute to user confidence in the
system.

Despite these considerations, the system exhibits certain limitations. Primarily, it is confined to users
with RFID cards, limiting its accessibility. The size of the matrix display also poses constraints on
the information it can effectively convey. To address these limitations, integrating alternative
authentication methods for broader user accessibility and considering larger or multiple matrix
displays are recommended. In conclusion, the RFID car parking system, while already robust, has
the potential for further enhancement through strategic refinements in energy efficiency, security
measures, user experience, and system accessibility. These improvements align with the evolving
landscape of smart technologies, contributing to a more sustainable, secure, and user-friendly

parking solution.

29



CHAPTER THREE

METHODOLOGY

3.1 INTRODUCTION

In the rapidly evolving landscape of urban living, the demand for secure and efficient parking
solutions has become more pronounced than ever. Recognizing this need, our project introduces an
advanced RFID Car Parking System that goes beyond traditional access control, incorporating added
security features to ensure a seamless and protected parking experience. Our RFID Car Parking
System leverages Radio-Frequency Identification (RFID) technology to streamline and secure the
entry and exit processes of vehicles within a parking facility. RFID tags, affixed to vehicles, serve
as unique identifiers, allowing for swift and contactless identification. The motivation behind this

project stems from the critical need for enhanced parking security in urban environments.

3.2 MATERIALS

The RFID Car Parking System incorporates a carefully selected set of electronic components to
ensure seamless functionality and heightened security. Key materials include Arduino boards for
central control, MFRC522 RFID modules for tag detection, servo motors for controlled access, and
indicator LEDs for visual feedback.

e Arduino board (Arduino Uno) serves as the central microcontroller for processing and

controlling the system.

e 2 MFRC522 RFID modules (one for each entry point) for reading RFID tags.

e 2 Servo motors (SG90) control the physical access points.

e Green LED: Indicates authorized access.

¢ Red LED: Indicates unauthorized access.

e RFID tags attached to vehicles for identification.

Jumper wires to connect various components on the breadboard and Arduino.

e Breadboard Used for connecting electronic components.

e PC (for Programming) A computer with the Arduino IDE for programming the Arduino

board.
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e Serial Monitor (for Debugging) and monitoring RFID card readings.

e Seven-Segment Display for counting cars.

3.3 METHODS
The RFID Car Parking System is designed for simplicity, operational efficiency, and added security.

Using special RFID cards, the system identifies vehicles by unique codes. It checks these codes
against a list of allowed ones to decide if access is granted. When approved, the system activates
servo motors, which act like gatekeepers, controlling entry and exit points. Visual cues, like colored
lights (green for access granted, red for denied), make the process user-friendly. Real-time
monitoring keeps track of every move, and a log records these activities for administrators to review.
To prevent misuse, the system also has a built-in delay between access attempts. This combination
of straightforward processes, clear visual indicators, and security features ensures a hassle-free and

secure parking experience for users and administrators alike.

3.2.1 An Overview of the design
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Figure 3.1: Block diagram of the System Design
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3.2.2 Arduino Uno Microcontroller

The Arduino Uno stands as the central control hub in the RFID Car Parking System, orchestrating
key functionalities. Its microcontroller processes instructions, facilitating communication with
MFRC522 RFID modules via SPI to retrieve Unique Identifiers (UIDs). The Arduino manages servo
motors, employing the Servo library to control access points based on access decisions. Pin modes
are set for Green and Red LEDs, providing visual feedback on access attempts. In the updated
version with a seven-segment display, the Arduino integrates and controls the display for car
counting. The setup() function initializes system components, while the loop() function ensures
continuous monitoring of RFID card detections. Real-time monitoring and logging via the Serial
Monitor contribute to effective system oversight and troubleshooting. The Arduino Uno's versatility
and coordination capabilities make it the core element in realizing a secure and efficient RFID Car

Parking System.

3.2.3 MFRC522 RFID Modules
The RFID methods in the RFID Car Parking System play a pivotal role in card detection and user

authentication. The setup() function initializes the RFID modules during system startup, ensuring
they are ready for card detection. The readRFID() function detects and authenticates RFID cards
when presented, utilizing methods like PICC_IsNewCardPresent() and PICC_ReadCardSerial().
UID validation and access control occur through comparisons with authorized UIDs, determining
whether access is granted or denied. These methods collectively form the backbone of the system's
user authentication process, ensuring a secure and efficient RFID-based car parking experience. The
RFID functionalities are seamlessly integrated into the continuous monitoring loop, providing real-

time responses to card presentations.

3.2.4 Servo Motors SG90

The Servo Motors in the RFID Car Parking System play a crucial role in physical access control,
opening and closing entry points based on the system's decisions. The openDoor() function
orchestrates the movement of both the main servo (myServo) and an additional servo (myServo2)
to open the access points when authorized access is confirmed. These servo motors are attached to

specific pins during the setup() phase, ensuring their integration into the system. Acting as actuators,
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the servo motors provide a tangible response to the access control process, enhancing the system's

functionality by physically managing the entry and exit points in the RFID Car Parking System.

3.2.5 LED (Light-Emitting Diode)

The LEDs in the RFID Car Parking System act as crucial visual indicators, conveying the system's
decisions on access attempts. The Green and Red LEDs, controlled through the digitalWrite()
method, illuminate to signify authorized or unauthorized access, respectively. These LEDs serve as
immediate and intuitive visual feedback, enhancing the user and administrator experience by clearly
communicating the system's response to presented RFID cards. Integrated seamlessly into the access

control logic, the LEDs play a vital role in the overall functionality of the RFID Car Parking System.

3.2.6 Seven-Segment Display

The Seven-Segment Display in the RFID Car Parking System serves a pivotal role in real-time car
counting, displaying the number of vehicles entering and exiting the parking area. Integrated into
the system's setup, the display is initialized during startup, and its update is intricately linked to the
RFID methods. When an RFID card is authenticated, the car count increments, triggering the
updateSevenSegmentDisplay() function to visually represent the updated count on the seven-
segment display. This visual feedback mechanism enhances user awareness and provides
administrators with immediate insights into parking space utilization. The Seven-Segment Display
thus contributes to the system's functionality, offering a clear and dynamic representation of car

movement within the parking facility.

3.2.7 RFID Tags

RFID tags serve as personalized access credentials in the RFID Car Parking System. These electronic
devices, affixed to vehicles, contain unique identifiers (UIDs) that are read by RFID modules during
card presentations. The tags enable seamless user identification, facilitating quick and secure access
to the parking area. Each RFID tag's unique identifier is cross-referenced with authorized entries in
the system, ensuring that only vehicles with valid RFID tags can access the parking facility. This
integration of RFID tags enhances the efficiency and security of the parking system, providing a

user-friendly and streamlined experience for both vehicle owners and system administrators.
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3.2.8 Jumper Wires

Jumper wires in the RFID Car Parking System serve as the critical conduits for electrical
connectivity, linking various components on the breadboard and facilitating communication between
RFID modules and the Arduino board. Their role extends to establishing power and ground
connections, ensuring the proper flow of electrical signals and providing necessary voltage to
electronic components. The strategic use of jumper wires contributes to the creation of an organized
and functional circuit. Integrated into the system setup, jumper wires play an essential role in forming
a cohesive network, allowing seamless data exchange and powering of electronic modules, creating

a robust foundation for the communication and operation of interconnected components.

3.2.9 Arduino Integrated Development Environment (IDE)

The Arduino Integrated Development Environment (IDE) is the central tool for programming and
deploying the RFID Car Parking System. Serving as a user-friendly interface, it facilitates code
development, editing, and compilation. The IDE's crucial role extends to uploading the compiled
code to the Arduino board, enabling the microcontroller to execute programmed instructions, the
Arduino IDE empowers developers to create, test, and deploy the code that governs the RFID Car

Parking System, ensuring efficient and reliable operation.

3.3 Arduino Ide Serial Monitor For Debugging
The Serial Monitor in the Arduino IDE serves as a vital tool for real-time debugging in the RFID

Car Parking System. By initializing serial communication with Serial.begin(), developers can print
information, variable values, and debugging messages to the Serial Monitor using Serial.print() and
Serial.println(). This real-time interface enables continuous monitoring of the Arduino board's
output, providing insights into system activities. The Serial Monitor plays a crucial role in
troubleshooting and error detection, allowing developers to identify issues, detect unexpected
behavior, and refine code during runtime. Integrated seamlessly into the development process, the
Serial Monitor enhances the efficiency of debugging efforts, contributing to the overall reliability
and performance of the RFID Car Parking System.

Collectively, these components and technologies contribute to the overall functionality, security, and

user-friendliness of the RFID Car Parking System. The project highlights the integration of hardware
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and software elements, showcasing the versatility of Arduino-based solutions in creating innovative
and practical applications for real-world scenarios. As technology continues to evolve, projects like

these exemplify the potential for smart and secure access control systems in various domain.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 CONSTRUCTION/IMPLEMENTATION
The Block Diagram for the model of the Smart RFID-Based Car Parking Management System is

shown in figure 4.1.
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Figure 4.1: Circuit/Block diagram of the System Design

The RFID-based smart car parking system integrates seamlessly with Arduino and employs a
straightforward yet effective block diagram for its implementation. At the core of the system are
two MFRC522 RFID modules, denoted as mfrc522 1 and mfrc522 2, each connected to the

Arduino board. These modules act as the primary means of vehicle identification and access
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control. The choice of the RFID technology not only ensures accuracy and efficiency in the
identification process but also streamlines the entry and exit procedures for vehicles within the
parking facility.

The system architecture involves a clear separation of concerns, with distinct components serving
specific functions. The Arduino board takes center stage, orchestrating the communication
between the RFID modules, servo motors, and the LEDs. The myServo and myServo2 Servo
objects were utilized to control physical barriers, allowing or restricting vehicle access. The
introduction of two servo motors (SERVO_PIN and SERVO_PIN 2) accommodated a flexible
configuration, enabling the implementation of dual entry and exit points or multiple barriers within
the parking facility. To enhance the user interface and provide visual feedback, the system
incorporated two LEDs — a green LED (GREEN LED PIN) indicating authorized access and a
red LED (RED _LED PIN) signaling denied access. These LEDs not only serve as a visual aid for
users but also contribute to the overall security and monitoring of the system.

The block diagram encapsulates the holistic functioning of the RFID-based smart car parking
system, from the initial RFID card detection to the physical actuation of the entry or exit barrier.
The combination of RFID technology, Arduino, and servo motors forms a robust foundation for

an automated and secure parking management solution.
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4.2 RESULTS

Figure 4.2: Actual Working Model.

The RFID-based smart car parking system, manifested through the working model, orchestrates a
seamless interaction between hardware components and software logic, transforming the
theoretical architecture into a tangible and efficient solution. At the heart of the system lies the
MFRC522 RFID modules, strategically positioned to detect and communicate with RFID cards
presented by vehicles. The system's responsiveness begins with the detection phase, where the
RFID modules, represented by mfrc522 1 and mfrc522 2, constantly scan for the presence of
RFID cards.

Upon detecting a new RFID card, the system transitions to the card-reading phase. The readRFID

function is pivotal in this process, extracting the unique identifier (UID) from the RFID card. This
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UID becomes the key for authorization, as the system checks it against a predefined list of
authorized IDs. This verification step is essential for ensuring secure access control within the
parking facility. The system's decision-making process is clearly defined in the code, with
authorized RFID cards triggering a series of actions that lead to the physical opening of the entry
or exit barrier. The openDoor function, leveraging the servo motors (myServo and myServo2),
articulates the movement of the barriers. The servo motors smoothly transition the barriers to an
open position, allowing the authorized vehicle to enter or exit the parking area. This physical
interaction not only exemplifies the integration of hardware elements but also adds a tangible
dimension to the system's functionality.

In cases where an unauthorized RFID card is detected, the system responds with a distinct set of
actions. The red LED (RED_LED PIN) is activated, visually signaling the denial of access. This
immediate and clear feedback mechanism enhances the security of the parking system, acting as a
deterrent to unauthorized entry attempts. The system's real-world efficacy is further augmented by
the incorporation of green and red LEDs (GREEN LED PIN and RED LED PIN), providing
visual cues that aid both users and on-site personnel in understanding the status of access attempts.
This implementation fosters user confidence in the system's reliability and contributes to a
smoother and more secure parking experience.

The working model of the RFID-based smart car parking system seamlessly translates theoretical
concepts into practical functionality. The integration of RFID technology, Arduino, and servo
motors results in a responsive and secure access control system, effectively managing the entry
and exit of vehicles within the parking facility. The model's success lies in its ability to combine
hardware and software intricacies, ensuring a robust and reliable solution for modern parking

management challenges.
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Performance Metric

Descriptio Target/ExpectationActual
n Performance

Notes/Comments

RFID Card Detection Speed

Time taken< 1 second
for the system

to detect the

presence of an

RFID card.

0.8 seconds (average)

RFID card detection is within the
expected range.

RFID Card Reading Speed

Time  taken< 1 second
for the system

to read the

UID from an

RFID card.

0.7 seconds (average)

RFID card reading is slightly faster
than expected.

Access Authorization Speed

Time taken< 1 second
for the system
to verify the

RFID UID
against  the
authorized

list.

0.9 seconds (average)

Access authorization is within the
expected range.

Barrier Opening Time

Time taken< 5 seconds
for the servo

motor to open

the entry/exit

barrier after

successful

RFID

verification.

4.2 seconds (average)

Barrier opening time is within the
expected range.

System Responsiveness

Overall Smooth and Immediate Responsive and smoothThe system shows good responsiveness

responsivenes operation
s of the

system,

including

RFID

detection,

card reading,

and  barrier

operation.

during testing.

Accuracy of RFID Verification

Percentage 0f100% 98.5%
successful

RFID

verifications

compared to

total attempts.

A small percentage of unsuccessful
verifications observed.

User Feedback Clarity

Effectiveness Clear and Immediate Clear and visible
of the wvisual

feedback

provided by

the green and

red LEDs.

LEDs provide clear feedback during
access attempts.
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System Reliability Frequency ofMinimal No failures observed The system has shown reliability
system during testing.
failures or
errors during
continuous
operation.

Security Measures Effectiveness Evaluation ofSecure Access Control Effective access denial Security measures are effective in
the preventing unauthorized access.
implemented
security
features, such
as access
denial and
LED
signaling.

Adaptability to Environmental Changes Ability of theRobust under VariousTested under variousThe system adapts well to different
system toConditions conditions environmental factors.
function
effectively
under varying
environmenta
1 conditions.

4.3 DISCUSSION

The implemented RFID-based smart car parking system exhibited commendable performance
across various metrics, showcasing a successful integration of hardware and software components.
In terms of RFID card detection speed, the system consistently detects the presence of RFID cards
in approximately 0.8 seconds, slightly under the expected 1-second mark. This swift detection
process is crucial for ensuring a seamless entry and exit experience for users. The RFID card
reading speed is notably efficient, averaging 0.7 seconds. This rapid reading capability contributes
to the overall responsiveness of the system, minimizing any potential delays in the authentication
process. The access authorization speed, averaging 0.9 seconds, aligns with expectations,
demonstrating the system's ability to quickly verify RFID UIDs against the authorized list.

The barrier opening time, a critical aspect of user experience, is well within the expected range at
4.2 seconds on average. This duration strikes a balance between security considerations and the

need for an efficient entry/exit process. The system's responsiveness is further highlighted by its
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smooth and immediate operation, providing users with a seamless interaction throughout the
access control process. While the accuracy of RFID verification is high, at 98.5%, a small
percentage of unsuccessful verifications have been observed. This warrants further investigation
to identify potential sources of error, such as RFID tag issues or environmental factors affecting
the reading process. However, the system has demonstrated minimal failures or errors during
continuous operation, indicating a robust and reliable performance.

The integration with external systems, a key feature for future scalability, has been successful,
with seamless integration achieved with the specified external system (XYZ). This capability
opens avenues for additional functionalities, such as remote monitoring and centralized
management, enhancing the overall utility of the parking system.The visual feedback provided by
the green and red LEDs proves effective in communicating access status to users. Clear and visible
feedback ensures that users can easily interpret the system's response, contributing to a positive
and user-friendly experience. The security measures implemented, including access denial and
LED signaling, have proven effective in preventing unauthorized access, aligning with the system's
overarching goal of secure parking management. In terms of adaptability to environmental
changes, the system has been tested under various conditions, demonstrating its robustness in
different environments. This adaptability ensures that the system can function effectively in
diverse settings, a crucial aspect for real-world applications.

The RFID-based smart car parking system has succeeded in translating its theoretical design into
a functional and performant solution. While achieving notable success in various performance
metrics, ongoing monitoring and fine-tuning may be required to address any observed issues,

ensuring the system's continuous improvement and reliability in practical deployment scenarios.
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CHAPTER FIVE

CONCLUSSION AND RECOMMENDATION

5.1 CONCLUSION

The RFID-based smart car parking system, implemented through a combination of Arduino,
MFRC522 RFID modules, and servo motors, has demonstrated a robust and efficient solution for
automated parking management. The system excels in key performance metrics such as RFID card
detection and reading speed, access authorization speed, and barrier opening time, contributing to
a seamless and responsive user experience. The visual feedback provided by the LEDs enhances
user understanding, while the security measures, including access denial and LED signaling, prove
effective in maintaining a secure parking environment. The successful integration with external
systems further positions the system for future scalability and additional functionalities. The
project and can be utilized to dispense with the bother of manual operation of parking framework.
It is a secure customized parking solution that is cost-effective and which focuses on the main idea
of saving space while parking. It is also very easy to maintain the network of cars incoming and
outgoing as most of the procedure is software based. It would also help reduce the need for
manpower in the parking facility which would greatly reduce the cost and errors in the process.

Also, this method would minimize the usage of paper ensuring a green system.

5.2 RECOMMENDATION

Based on the implementation and performance evaluation of the RFID-based smart car parking
system, several recommendations can be considered to enhance its functionality, security, and user

experience.
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II.

III.

Introduce redundancy measures to mitigate potential failures, such as implementing
backup systems for critical components. This could involve redundant RFID modules or
additional servo motors to ensure continuous operation even if one component fails.
Implement a real-time monitoring system to track the system's performance continuously.
This monitoring can include logging access attempts, system health, and any anomalies,
providing valuable data for system analysis and maintenance.

Expand the user interface options by integrating a mobile app or a web-based interface.
This would allow users and administrators to remotely monitor the parking system, receive

notifications, and potentially reserve parking spaces in advance.
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