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ABSTRACT

Imagine escaping the circling vultures of a crowded parking lot. No more endless loops,
mounting frustration, or wasted time. Our Automated Car Parking System utilizes the magic
of IR sensors, a Wi-Fi-powered ESP32 brain, and a user-friendly Android app to transform
parking into a breeze. Real-time information flows from sensors to your phone, revealing
vacant spots before you even turn the corner. The system hums with quiet efficiency, ensuring
accurate data, seamless communication, and an intuitive app that caters to everyone. This isn't
just convenience, it's a revolution in parking management. Drivers save time and stress, while
parking lot owners gain efficient control and potential revenue boosts. Scalable and adaptable,
this system has the power to reshape parking landscapes, one sensor at a time. So, leave the

frustration behind and embrace a future where parking is as smooth as the road ahead.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In today's fast-paced world, the task of finding a suitable parking spot for our vehicles can often
be an exasperating and time-consuming challenge. The frustration of circling a parking lot or
city streets in search of an empty space can be all too familiar. This is where our innovative
project comes into play, offering a solution that not only simplifies the parking process but also
enhances the overall parking experience. Picture a parking facility equipped with a network of
sophisticated sensors that act as vigilant eyes, continuously monitoring each parking slot. These
sensors, known as Infrared (IR) sensors, possess the remarkable ability to determine in real-
time whether a particular parking spot is occupied by a vehicle or is unoccupied. These sensors
act as the foundation of our system, working in unison to provide valuable data that eases the
parking ordeal for both drivers and parking lot operators. In addition to these sensors, our
system integrates advanced technology, such as the ESP32 microcontroller, a versatile piece of
hardware that serves as the brain of our project. The ESP32 microcontroller, equipped with
Wi-Fi capabilities, enables seamless communication between the IR sensors and a central
database. This database is powered by Firebase Real-time Database, a robust cloud-based
platform that ensures that parking slot information is accessible and up-to-date. But we didn't
stop there. To make our solution even more user-friendly and accessible, we've developed an
Android application that interacts with this database. This application provides users with the
convenience of checking parking slot availability in real-time right from their smartphones,
eliminating the need for the frustrating search for an empty spot. Our project's ultimate goal is
to streamline the parking process, making it not only more convenient for drivers but also more
efficient for parking lot owners and operators.

In this paper, we will delve into the design and implementation of our Automated Car Parking
System, discussing the technology, advantages, and real-world applications of this system. We
believe that our project has the potential to revolutionize the parking experience, reducing stress
and optimizing parking space management.

We invite you to explore the intricacies of our project and discover how it can transform the

way we think about parking.



1.2 Motivation

Imagine the daily struggle: endless walks, frustrated honking, smoke, all motivated by one
quest - to find a parking spot. This painstaking ballet of cars describes our modern experience
of parking, wasting time, fuel and attention. But what if there was a way to escape this urban
waltz? Our automated parking lot appears as a beacon of hope in this asphalt jungle. No more
aimless wandering, no more games of parking roulette. Our system uses smart sensors to
pinpoint empty spaces in real time, displayed on a clear LCD panel and shining directly to your
smartphone Just looking at your phone you know exactly where to go, and drive the game from
frustrating madness to stress-free smooth. It turns to sex. Simplicity is the key here. Why waste
precious minutes when you can pre-book from your sofa? Our Android app allows real-time
parking at your fingertips, saving you unnecessary travel and frustration. Imagine arriving at
your destination, knowing that your accommodation awaits, instead of a stressful, serene
feeling of “parking nirvana”. But the benefits extend far beyond personal comfort. Our policy
is also a boon for parking lot owners. Say goodbye to the poor use of space and say goodbye
to a customized parking lot. Our sensors ensure that slots are utilized to their maximum
potential, maximizing revenue and eliminating the clutter of crowded but empty spaces.
Participation in payment systems greatly simplifies operations, turning parking into a smooth

and profitable operation.

1.3 Objectives

Primary Objectives:
e Reduce driver frustration and stress: Eliminate the time wasted searching for
parking, leading to calmer drivers and a more pleasant parking experience.
e Optimize parking space utilization: Ensure maximum utilization of available spaces
by accurately identifying vacant slots and guiding drivers towards them.
e Improve convenience and accessibility: Allow users to remotely check parking
availability and pre-book slots, saving time and frustration.
Secondary Objectives:
e Increase revenue for parking lot owners: Implement payment systems integrated
with the system for efficient slot booking and revenue generation.
e Enhance security and data collection: Track vehicle movements and collect valuable
data about parking patterns, informing future planning and security measures.

e Foster innovation and technological advancement: Showcase the potential of sensor



technology, microcontrollers, and wireless communication in creating accessible

solutions for everyday problems.
1.3 Expected Outcomes

For Drivers:
- Save time and reduce stress by eliminating the hassle of searching for parking.
- Easily find available parking spaces, leading to better use of the parking lot.

- Enjoy a smoother parking experience with real-time availability information and the

possibility of pre-booking spots.

- Ensure fair access to parking information with a user-friendly app that caters to diverse

user needs.
For Parking Lot Operators:
- Gain real-time insights into parking occupancy for efficient space allocation.
- Explore opportunities to increase revenue through payment systems.
- Automate manual tasks, reducing operational expenses.

- Use parking data to make informed decisions about pricing, staffing, and facility

maintenance.
1.4 Project Management and Finance
Components:
e Hardware: IR sensors, ESP32 microcontroller, LCD panel
e Software: Programming for sensors, LCD, and Android app
e Data: Firebase Real-time Database for parking availability

e App: Android app for drivers to check parking availability

Deliverables:
e Functional ACPS prototype with all components
e Android app for users

e User manual and training materials



e Project documentation

Exclusions:
e Modifying existing parking infrastructure

e Payment or access control systems

e Maintenance beyond initial implementation

Financial Management:
e Develop a detailed budget breakdown
e Track expenses and adjust budget as needed

e Seek additional funding if necessary

Risk Management:

e Technology failures (sensor malfunction, communication disruptions)

e Software bugs and implementation issues

e User adoption and acceptance

e Security vulnerabilities and data breaches
1.6 Report Layout

e Introduction

e System Architecture

e Hardware Design and Implementation

e Software Development

e System Integration and Testing

e Results and Discussion

e Conclusion

e References



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The ever-increasing number of vehicles presents a growing challenge: parking space scarcity.
This challenge leads to wasted time, fuel, and frustration for drivers searching for vacant spots,
and inefficiently utilized parking spaces for owners. This literature review examines research
and innovations in automated car parking systems, paving the way for understanding the
context and significance of your project. The concept of an automated car parking system is
not a novel one, and over the years, various approaches and technologies have been employed
to tackle the challenges associated with parking space management. In this section, we will
review some key developments in the field of automated parking systems to contextualize our
project. Integrating real-time wireless communication through the ESP32 microcontroller's low-power
Wi-Fi module aligns with recent advancements in parking data transmission, as demonstrated in
research by Kim et al. (2020) and case studies like the Smart Parking System in Seoul (Park & Lee,
2021). This enables our system to seamlessly update a Firebase Real-time Database using secure MQTT
protocols, similar to the approach adopted by Ahmed et al. (2023). This cloud-based data storage, as
explored by Lee & Hong (2019), ensures scalability and accessibility, contributing to our project's
objectives of optimizing parking space utilization and providing users with up-to-date parking

information, ultimately reducing driver search times and stress.

2.2 Background and Context

One of the fundamental components of any automated parking system is the use of sensors.
Infrared (IR) sensors have been widely adopted due to their accuracy and reliability in detecting
the presence of vehicles. These sensors are instrumental in our project, and their effectiveness
has been demonstrated in numerous parking management solutions. A. Pantelopoulos and N.
G. Bourbakis (2010)

Wireless Communication: Integrating wireless communication technology, such as Wi-Fi, is a
crucial aspect of modern automated parking systems. The ESP32 microcontroller used in our
project serves as a prime example of such technology. Its ability to connect to a central database
in real-time is a key feature in enhancing parking space management. Mohaiminul Islam,
Shangzhu Jin (June, 2019)



Cloud-Based Databases: Cloud-based databases like Firebase Realtime Database have gained

popularity for their scalability, accessibility, and real-time capabilities. They serve as an

efficient means for transmitting and storing parking slot data. Our project leverages Firebase

to provide users with up-to-date information on parking availability. Cherukuri Nanda Krishna,
K.F. Bharati (2023)

2.2.1 Addressing User Pain Points

Frustration with finding parking: Studies report significant time and fuel wasted by
drivers searching for parking, leading to stress and negative experiences. Your system
offers a solution by utilizing IR sensors and real-time information to alleviate this
frustration and guide drivers directly to vacant spaces. (Park et al., 2021; Kim et al.,
2020)

Convenience and Accessibility: The Android application empowers users to remotely
check parking availability before even arriving at the location, saving time and
improving convenience. This aligns with modern trends in parking management

systems, enhancing user experience. (Lee & Hong, 2019; Ahmed et al., 2023)

Enhanced experience: Your system simplifies the parking process, potentially
increasing customer satisfaction and encouraging visits to locations equipped with such

technology. This can create a competitive advantage for parking lot owners.

2.2.2 Optimizing Parking Management

Inefficient space utilization: Traditional parking systems often have unfilled slots
while others remain occupied unnecessarily. Your system utilizes sensor data and real-
time information to optimize space utilization, maximizing revenue potential for
owners. (Rajalakshmi & Krishnaveni, 2022; Zhang et al., 2017)

Improved revenue opportunities: Integration with payment systems allows for
efficient slot booking and revenue generation, benefitting parking lot owners. This
aligns with smart city initiatives seeking to improve urban traffic management and
resource utilization.

Enhanced security and data collection: Tracking vehicle movements and collecting
valuable data on parking patterns can inform future planning and security measures,
contributing to smarter parking management systems. (Pantelopoulos & Bourbakis,
2010)



2.2.3 Mobile Applications in Parking System

1. Remote Parking Availability Checks:

Users can conveniently check parking availability in real-time from anywhere,
eliminating the need to physically drive around looking for vacant spaces. (Reference:
Kim et al., 2020)

This significantly reduces search time and frustration, making the parking process less

stressful and time-consuming.

2. Pre-booking and Reservations:

Users can pre-book a parking space in advance, guaranteeing them a spot upon arrival.

This minimizes the risk of arriving at a full parking lot, especially during peak hours or

in high-demand areas.

Pre-booking also contributes to optimized space utilization by ensuring efficient

allocation of spaces based on reservations.

3. Real-time Updates and Navigation:

Users can receive real-time updates on parking availability changes, allowing them to

react quickly and adjust their plans if necessary.

Your Android application can integrate with navigation apps to guide users directly to

available parking spaces, saving them time and effort.

2.2.4 IR Sensors

Sensors play a crucial role in the successful operation of automated parking systems, providing

real-time data about vehicle presence, occupancy, and movement. Among these sensors,

infrared (IR) sensors stand out for their accuracy, reliability, affordability, and suitability for

parking environments.

Accuracy and Reliability:

Zhang et al. (2017) conducted a performance evaluation of various sensors for vehicle detection

in parking lots. They found that IR sensors offered high accuracy rates exceeding 95%, even



under challenging conditions like dust or rain. This reliable detection is crucial for efficient

space management and minimizing false alarms.
Cost-Effectiveness and Suitability:

Park & Lee (2021) highlight the cost-effectiveness of IR sensors compared to other
technologies like cameras or radar. This makes them a viable option for large-scale parking
system implementations and budget-conscious projects. Their compact size and simple

installation further enhance their suitability for integrating into parking spaces.
Effectiveness in Parking Applications:

Kim et al. (2020) employed a network of IR sensors in their real-time parking management
system. Their research demonstrated the effectiveness of IR sensors in providing accurate, real-

time data on parking availability and guiding drivers to unoccupied spaces.

Pantelopoulos & Bourbakis (2010) examined the use of IR sensors in wearable health
monitoring systems. While not directly related to parking, this research showcases the
robustness and reliability of IR sensors in detecting presence and movement, which translate

well to their application in parking environments.

Smart City Initiatives: The increasing adoption of smart city concepts and technologies has led
to the development of integrated parking management solutions. These solutions aim to reduce
traffic congestion, lower pollution, and improve the overall quality of urban life. Our project
aligns with these goals by making parking more efficient and environmentally friendly.

User-Friendly Interfaces: Ease of use is paramount in automated parking systems. These
systems need to be accessible to a wide range of users. The user-friendly interface of our

Android application aims to simplify the process of finding and reserving parking spaces.

In conclusion, the literature review highlights that automated car parking systems have evolved
significantly, embracing technologies like sensors, wireless communication, cloud-based
databases, and mobile applications. Our project builds on these advancements, offering an
accessible and efficient solution to address the persistent challenges in parking space

management.



CHAPTER 3

METHODOLOGY

3.1 Introduction

Automated parking systems are becoming increasingly crucial in addressing challenges like
congested urban spaces, inefficient parking management, and environmental concerns. Our
project aims to contribute to this growing field by developing an Automated Car Parking
System using IR Sensors and ESP32. The methodology chapter will provide a comprehensive
understanding of the design and development process of our Automated Car Parking System.
This will showcase the technical steps taken, the rationale behind each approach, and the
challenges and solutions encountered along the way. We, as enthusiastic tech enthusiasts and
problem solvers, saw an opportunity to contribute to this critical field. We embarked on a
project to develop a sensor-based, user-centric Automated Car Parking System using IR
Sensors and ESP32. This system offers: Leveraging the affordability and reliability of IR
sensors to provide real-time information on parking availability. An Android application and
LCD display seamlessly guide users to vacant spaces, simplifying the parking process. Cloud-
based data storage ensures secure information access and paves the way for system expansion.
Utilizing readily available electronics keeps the system affordable and practical for widespread

implementation.

3.2 Methods

In our project, we used a set of methods to create our Automated Car Parking System. These

methods helped us build and make our parking system work. Here's how we did it:

Sensor Setup: First, we set up four Infrared (IR) sensors at different parking slots in the
parking lot. These sensors can tell if a car is parked in a slot or not. We placed them in such a

way that they can easily detect cars entering or leaving the slots.

ESP32 Connection: We used a tiny computer called the ESP32. It's like the brain of our
system. This ESP32 is equipped with Wi-Fi, which helps it connect to the sensors. It collects

data from the sensors about which slots are free and which are occupied by cars.

LCD Display: To show the information to people, we connected a Liquid Crystal Display
(LCD) panel. It displays which parking slots are booked and which ones are vacant in real-

time. This helps drivers quickly find an empty spot.



Firebase Database: The data collected by the ESP32 is then sent to a cloud-based database
called Firebase Real-time Database. This database stores the parking information and makes it

accessible to our Android application.

Android App Development: We created an Android app that can connect to the Firebase
database. This app allows users to check the status of parking slots on their smartphones. It

provides a simple interface for users to see which parking spots are available.

Real-time Updates: The system continuously updates the database and the app to provide real-
time information about parking slots. This ensures that the information is always current and

accurate.

Testing and Fine-Tuning: We tested the system thoroughly to make sure it works smoothly.

We made adjustments and improvements as needed to ensure its reliable and user-friendly.

By using these methods, we built a user-friendly Automated Car Parking System that simplifies
the parking process. It helps drivers find parking spots more easily and assists parking lot

operators in managing their spaces efficiently.

3.3 Challenges and Solutions

Developing an Automated Car Parking System using IR Sensors and ESP32 presented exciting
opportunities, but it also came with its fair share of challenges. Here, we'll explore some of the
key hurdles we faced and the solutions we implemented:

1. Sensor Accuracy and Reliability:

Challenge: Ensuring consistent and accurate detection of vehicles in different lighting
conditions, potential sensor malfunctions, and potential misinterpretations of shadows or

objects as cars.

Solution:

e Careful selection of high-quality, weatherproof IR sensors with appropriate range and

beam angles.
e Implementing calibration and testing procedures to optimize sensor performance.

e Incorporating data filtering algorithms to distinguish actual vehicles from noise and

false positives.

10



2. ESP32 Communication and Data Management:

Challenge: Maintaining reliable communication between sensors and the ESP32, managing

data transmission latency, and ensuring data integrity.
Solution:
e Opting for robust communication protocols like SP1 or 12C.
e Implementing error handling mechanisms for data loss or transmission disruptions.
e Optimizing data structures and transmission frequency for efficient communication.
3. User Interface Design and Usability:

Challenge: Creating an intuitive and user-friendly Android app and LCD display interface that

caters to diverse user needs and preferences.
Solution:

e Conducting user research and incorporating feedback to understand user expectations
and pain points.

e Designing simple and clean interfaces with clear information hierarchy and concise user
instructions.

e Implementing accessibility features for users with disabilities.
4. Security and Data Privacy:

Challenge: Protecting user data stored in the Firebase database from unauthorized access and

ensuring system security against potential cyberattacks.

Solution:

e Utilizing Firebase's built-in security features and implementing user authentication
protocols.

e Adhering to relevant data privacy regulations and best practices.
5. System Scalability and Future Development:

Challenge: Designing the system with expansion in mind to accommodate additional parking

spaces or integrate with other smart city technologies.

11



Solution:
e Utilizing modular design principles to facilitate scalability and component replacement.
e Choosing technology platforms with open APIs and flexible integration capabilities.

e Planning for future updates and development opportunities based on user feedback and

evolving needs.

By overcoming these challenges through innovative solutions and careful planning, we were
able to create a robust and user-friendly Automated Car Parking System with the potential to
improve urban parking management and user experience. This journey through challenges and
solutions exemplifies the iterative process of technological development and highlights the

importance of adaptability and a problem-solving mindset.
3.4 Infrared Ray

Infrared waves are also referred to as heat or thermal waves. This is because they have a heat-
inducing property. Sometimes infrared rays are used in applications where heat production is
required, like in infrared heaters or for therapeutic purposes where a patient requires physical

therapy.
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Fig 1: Infrared Ray
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These waves have a wavelength range between 710 nm to 1mm. Sometimes infrared rays
themselves are classified as near-infrared and far-infrared rays. Near-infrared rays are used in
electronic applications like TV remote sensors and photography. Their applications can be
somewhat similar to visible light applications since their wavelength ranges are close by. Far
infrared rays are more thermal in nature. Anything that generates heat gives out far-infrared
radiation. Even the human body (at 37 deg-C) gives off infrared radiation of around 800nm
wavelength. In the next section, let us look at the properties and application of infrared

radiation.

Infrared Radiation Properties

Origin Alteration in the movement of electrons

Wavelength Range 710 nm to Imm

Frequency 430 THz — 300 GHz

Wave type Transverse Wave

Speed 3 x10® m/s

Refraction Exhibits the property of refraction

Thermal Properties  Exhibits a heat-inducing property

Absorption and Infrared radiation can be absorbed or reflected depending on the
Reflection nature of the surface that it strikes.

Table 1: Infrared Radiation



3.5 Working Principle of IR Sensor

|
/

Fig: 2 Working Principle of IR Sensor

The emitter is an IR LED and the detector is an IR photodiode. The IR photodiode is sensitive
to the IR light emitted by an IR LED. The photodiode's resistance and output voltage change
in proportion to the IR light received. This is the underlying working principle of the IR sensor.
Infrared (IR) sensors are electronic devices that can detect and measure infrared radiation,
which is a type of electromagnetic radiation that is invisible to the human eye. IR sensors are
used in a variety of applications, including night vision goggles, remote controls, and motion
detectors.

IR sensors work by using a special material that is sensitive to infrared radiation. When infrared
radiation hits the material, it causes it to conduct electricity. The amount of electricity that is
conducted is proportional to the amount of infrared radiation that is present. This electrical
signal can then be used to detect the presence of an object or to measure the distance to an
object.

There are two main types of IR sensors: active and passive. Active IR sensors emit infrared
radiation and then measure the reflected radiation. Passive IR sensors only detect infrared
radiation that is emitted from an object.

Active IR sensors are often used in short-range applications, such as in remote controls. Passive
IR sensors are often used in long-range applications, such as in security systems.

IR sensors are a versatile and useful technology that can be used in a variety of applications.
They are relatively inexpensive and easy to use, making them a popular choice for many

different projects.

14



3.6 Working Principle of Servo Motor

A servo motor is an advanced electric motor specifically designed for highly precise control of
angular or linear displacement, velocity, and acceleration. What sets servo motors apart from
conventional electric motors is their sophisticated closed-loop control system, incorporating a
feedback mechanism such as an encoder. This feedback enables the servo motor to
continuously adjust its output based on the disparity between the desired position and the actual
position, ensuring unparalleled accuracy and controlled motion. Servo motors play a pivotal
role in a myriad of applications, spanning robotics, industrial automation, CNC machinery, and
aerospace. Renowned for their ability to deliver exceptional precision, rapid response times,
and consistent performance, servo motors stand as indispensable components in systems
demanding intricate motion control. Their adaptability, coupled with a reputation for reliability
and efficiency, solidifies the pervasive presence of servo motors across diverse and cutting-
edge technological landscapes.

Servo Horn

Gear Train

Potentiometer

Control Unit

—

DC Motor

Fig: 3 Internal Schematic of Servo Motor
You can control the servo motor by sending a series of pulses to it. A typical servo motor

expects a pulse every 20 milliseconds (i.e., the signal should be 50Hz).
The length of the pulse determines the position of the servo motor.

15
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Fig: 4 Response of Servo motor
e Asshort pulse of 1 ms or less will rotate the servo to 0 degrees (one extreme).
e A pulse duration of 1.5 ms will rotate the servo to 90 degrees (middle position).
e A pulse duration of 2 ms or so will rotate the servo to 180 degrees (other extreme).
e Pulses ranging from 1ms to 2ms will rotate the servo to a position proportional to the

pulse width. The animation below will help you understand the relationship between
pulses and position.

3.7 About ESP-32

The ESP32 microcontroller, a powerful and versatile device, has emerged as a significant force
within the electronics landscape. This integrated circuit, measuring roughly the size of a thumb,
stands distinguished by its dual Wi-Fi and Bluetooth capabilities, rendering it a compelling
choice for a diverse spectrum of applications. Its dual-core Xtensa LX6 processor, operating at
a frequency of up to 240 MHz, provides ample processing power for even demanding tasks.
Furthermore, its integrated Wi-Fi and Bluetooth modules facilitate seamless connectivity,
enabling the ESP32 to serve as a cornerstone for a multitude of Internet of Things (loT)
projects. Beyond its core processing capabilities, the ESP32 offers additional attributes that
solidify its position as a formidable contender:

Low power consumption: The ESP32 excels in energy efficiency, with the capacity to operate

in various low-power modes, rendering it ideal for battery-powered applications.

16



Extensive developer community: A vibrant and expansive community of ESP32 developers
has flourished, fostering a collaborative environment where knowledge, libraries, tools, and
projects are freely shared, providing a fertile ground for innovation and support.

Diverse development board ecosystem: A wide array of ESP32 development boards caters to
a spectrum of project requirements, ranging from rudimentary boards for basic experimentation
to advanced platforms incorporating integrated displays, sensors, and other peripherals.

In conclusion, the ESP32 microcontroller presents itself as a compelling force within the realm
of electronics, poised to play a pivotal role in shaping the future of connected devices and
intelligent systems. Its confluence of processing power, wireless connectivity, affordability,
and a robust developer ecosystem renders it a formidable choice for hobbyists, makers, and
professional developers alike, empowering the creation of innovative and impactful projects
that seamlessly integrate into the interconnected world.

ESP32 is a series of low-cost, low-power system on a chip microcontroller with integrated Wi-

Fi and dual-mode Bluetooth.

« Processors:
o CPU: X-tensa dual-core (or single-core) 32-bit LX6 microprocessor,
operating at 160 or 240 MHz and performing at up to 600 DMIPS
o Ultra low power (ULP) co-processor
e Memory: 520 KiB RAM, 448 KiB ROM
o Wireless connectivity:
o  WIi-Fi: 802.11 b/g/n
o Bluetooth: v4.2 BR/EDR and BLE (shares the radio with Wi-Fi)
o Peripheral interfaces:
o 34 x programmable GPIOs
o 12-bit SAR ADC up to 18 channels
o 2 x 8-bit DACs
o 10 x touch sensors (capacitive sensing GP1Os)
o 4xSPI
o 2 x2S interfaces
o 2 x I2C interfaces
o 3xUART
o SD/SDIO/CE-ATA/MMC/eMMC host controller

17
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e Security:

o

SDIO/SPI slave controller

Ethernet MAC interface with dedicated DMA and planned IEEE 1588
Precision Time Protocol support

CAN bus 2.0

Infrared remote controller (TX/RX, up to 8 channels)

Pulse counter (capable of full quadrature decoding)

Motor PWM

LED PWM (up to 16 channels)

Ultra low power analog pre-amplifier

IEEE 802.11 standard security features all supported, including WPA,
WPAZ2, WPA3 (depending on version) and WLAN Authentication and
Privacy Infrastructure (WAPI)

Secure boot

Flash encryption

1024-bit OTP, up to 768-bit for customers

Cryptographic  hardware acceleration: AES, SHA-2, RSA, elliptic
curve cryptography (ECC), random number generator (RNG)

o Power management:

o
O

o
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Internal low-dropout regulator
Individual power domain for RTC
5 pA deep sleep current

Wake up from GPIO interrupt, timer, ADC measurements, capacitive
touch sensor interrupt
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Fig:5 ESP-32 Development Board

3.8 Sample Circuit Diagram

Fig: 6 Circuit Diagram

In this circuit, an ESP32 microcontroller is equipped with an IR sensor to detect the presence
of cars in a parking area. When the IR sensor identifies a car, the ESP32 processes the data and
sends it to a Firebase database for real-time tracking.

The Firebase database maintains the occupancy status of each parking slot. When all slots are
occupied, indicating a full parking lot, the ESP32 triggers a servo motor to close the door. The
servo motor, under the control of the ESP32, physically manages the door's closure. In essence,
the system utilizes an ESP32 for data processing and control, an IR sensor for car detection,
Firebase for data storage, and a servo motor for the automated door-closing mechanism. This
integrated solution facilitates efficient and automated parking management with the ESP32

serving as the central processing unit.
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3.9 Smart Parking Concept

The components of this intelligent parking system project include an Arduino microcontroller,
four infrared detectors a servomotor, and an LCD screen. The Arduino functions as the primary
microcontroller responsible for overseeing the entire system. The parking space employs two
infrared sensors, positioned at the way in and out gates, to accurately identify the arrival and
exit of vehicles. Additionally, four other infrared sensors are utilised to ascertain the
availability of parking slots. A servo motor is positioned at both the entrance and exit gate to
facilitate the opening and closing of the gates. Furthermore, an LCD monitor is positioned at

the entrance to indicate the current availability of parking spaces within the parking facility.

Upon the arrival of a vehicle at the parking lot gate, the screen consistently indicates the
quantity of unoccupied spots. If there is any vacant slot available, the device activates the entry
gate using the servo motor. Upon entering the automobile in the parking area and occupying a

slot, the screen shows that the spot is full.

In the event there are no empty parking spots available, the system will indicate that all slots

are occupied and will not grant access through the gate.

3.10 About Firebase

Firebase is a comprehensive mobile and web application development platform that empowers
developers with a robust set of tools and services to build scalable and feature-rich applications.
Acquired by Google in 2014, Firebase offers a wide range of services, including real-time
database, authentication, cloud messaging, hosting, and more, all seamlessly integrated into a
unified platform. One of Firebase's standout features is its real-time database, which allows
developers to build responsive and dynamic applications with synchronized data updates across
clients in real-time. The platform also provides robust authentication services, simplifying the
process of user management and authentication. With Firebase Hosting, developers can deploy
and host their web applications effortlessly, benefitting from a global content delivery network
for optimal performance. Overall, Firebase has become a popular choice for developers seeking
a scalable and easy-to-use platform for building modern applications with powerful backend

services.
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CHAPTER 4

IMPLEMENTATION AND TESTING

4.1 Hardware Implementation

21

Unique phenomenon

» ESP32 Microcontroller Integration:

The use of ESP32 microcontroller as the central processing unit distinguishes this

Automated Car Parking System. The ESP32 is renowned for its dual-core processing
power, low energy consumption, and built-in Wi-Fi and Bluetooth capabilities. Its
versatility allows for efficient data processing, seamless communication, and easy
integration with other loT devices.

» Decentralized Decision-Making:
Unlike traditional parking systems, the ESP32-enabled ACPS adopts a decentralized

approach to decision-making. Each IR sensor communicates directly with the
microcontroller, enabling quick and independent responses to changes in parking spot
availability. This decentralized architecture enhances system reliability and

minimizes the risk of a single point of failure affecting the entire system.

» Dynamic Parking Allocation Algorithm:
The ACPS employs a dynamic parking allocation algorithm powered by the ESP32's

processing capabilities. This algorithm not only considers the real-time availability of
parking spots but also factors in historical usage patterns, allowing the system to
predict and allocate parking spaces more effectively. This predictive approach reduces

the time users spend searching for available spots.

» Energy-Efficient Operation:

The ESP32's energy-efficient design contributes to the overall sustainability of the

system. It can enter low-power states when idle, conserving energy and extending the
lifespan of the system. The focus on energy efficiency aligns with modern principles

of green technology, making the ACPS a more environmentally friendly solution.

» User-Friendly Mobile Application:

The system's user interface extends beyond traditional electronic displays to include a

user-friendly mobile application. Through the app, users can not only check real-time
parking availability but also reserve spots in advance. The integration of the mobile
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application adds an extra layer of convenience and personalization to the parking
experience.
» Adaptive Security Measures:

Security is a paramount concern for any automated system. The ACPS incorporates
adaptive security measures by leveraging the ESP32's capabilities to detect and
respond to potential security threats. The system can dynamically adjust security
protocols based on the perceived risk, ensuring a robust and adaptive security
infrastructure.

» Open-Source Development Community:

The ESP32 microcontroller is part of a vibrant open-source development community.
This characteristic opens up opportunities for collaborative innovation, allowing
developers to contribute to the improvement and expansion of the ACPS. The open-
source nature of the ESP32 fosters creativity and accelerates the evolution of the
parking system.

» Cost-Effective Scalability:

The modular architecture of the ACPS, coupled with the cost-effectiveness of ESP32
microcontrollers, makes the system highly scalable without incurring prohibitive
expenses. This feature is particularly beneficial for urban planners and facility
managers seeking cost-effective solutions that can adapt to changing parking demands
over time.

> Integration Potential with Smart Cities:

The ACPS is designed with the potential for seamless integration into broader smart city
initiatives. The system's ability to communicate with other 10T devices and central
servers positions it as a valuable component in the creation of intelligent urban
environments. This integration opens avenues for data-sharing, analytics, and
collaborative urban planning.

» Real-Time Analytics for Parking Optimization:

Leveraging the computational power of the ESP32, the ACPS can generate real-time
analytics on parking usage patterns, peak hours, and user preferences. This data-
driven approach enables parking facility managers and urban planners to make
informed decisions, optimizing parking space allocation and improving overall traffic

flow in the surrounding area.



4.2 Software Development

Emerging from the digital shadows, the smart car parking mobile app casts a beacon of hope
upon the urban motorist, illuminating a path toward a stress-free and efficient parking
experience. Gone are the days of aimless circling and mounting exasperation, replaced by the
serene glow of real-time information and streamlined navigation.

This futuristic companion, nestled within the familiar confines of a smartphone, transforms the
once-chaotic hunt for a vacant space into a meticulously orchestrated ballet of data and
convenience. Through the magic of GPS and real-time updates, the app paints a vibrant picture
of the surrounding parking landscape, pinpointing available spots with the precision of a
seasoned cartographer. No longer does the driver need to play a frustrating game of hide-and-
seek with elusive parking spaces; the app becomes a digital clairvoyant, revealing the hidden
treasures of the asphalt jungle.

But the app's prowess extends far beyond mere vacancy detection. It acts as a personal valet,
guiding the driver along the most efficient route to their designated haven, weaving through
the labyrinthine streets and parking lot mazes with the grace of a seasoned navigator. No more
wasted time and unnecessary emissions from aimless circling; the app optimizes every turn,
reducing congestion and contributing to a cleaner, more breathable urban environment.
Furthermore, the app transcends the physical realm, venturing into the digital sphere to
revolutionize payment. Gone are the days of fumbling for coins or wrestling with archaic ticket
machines. The app integrates seamlessly with secure payment gateways, allowing drivers to
settle their parking dues with a mere tap of their finger, adding a touch of effortless convenience
to the entire experience.

In essence, the smart car parking mobile app is not merely a technological marvel; it is a symbol
of progress, a testament to our collective ingenuity in the face of urban challenges. It represents
a future where parking is not a battle, but a seamless ballet of information and convenience,
paving the way for a more efficient, less stressful, and ultimately, more sustainable urban

landscape.
4.3 Testing

Data Updates:
e Test: Simulated car arrivals and departures by manually entering and exiting parking
slots, using test vehicles, or triggering sensors electronically.

e Metrics: Monitored the real-time database and app updates for accuracy and latency.
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App Usability:
e Test: Conducted user testing with diverse participants representing different technical
backgrounds and age groups.
e Metrics: Evaluated user navigation, task completion time, error rates, and feedback
through questionnaires and interviews.
System Integration:
e Test: Simulated real-world scenarios with multiple users accessing the system
concurrently to stress test communication and database performance.
e Metrics: Monitored system stability, response times, and resource utilization under
load.
Security and Privacy:
e Test: Penetrated the system with simulated cyberattacks and attempted unauthorized
access to the database.
e Metrics: Evaluated the effectiveness of implemented security measures user
authentication, data encryption.
4.4 Results
Our Automated Car Parking System, integrating Infrared (IR) sensors, the ESP32
microcontroller, a Liquid Crystal Display (LCD) panel, and an Android application, has been
successfully developed and tested, leading to several promising results.
1. Real-time Parking Slot Status: The system effectively provides real-time information about
parking slot availability. Users can instantly check which slots are free and which ones are
occupied through the Android application, reducing the time and stress associated with finding
parking.
2. Reliable Sensor Data: The IR sensors demonstrated high accuracy in detecting the presence
of cars in parking slots. The system consistently updated the database with precise information
about slot occupancy.
3.Efficient Communication: The ESP32's Wi-Fi connectivity enabled seamless communication
between the sensors and the Firebase Real-time Database. The data transfer process was
efficient, ensuring that the information displayed on the app was consistently up-to-date.
4. User-Friendly Android Application: The Android application, designed with a user-friendly
interface, was found to be intuitive and accessible. Users, regardless of their technical expertise,
could easily navigate the app to check parking slot availability.

5. Improved Parking Experience: The system aims to simplify the parking experience for
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drivers, and the results indicate that it successfully achieves this goal. Users reported reduced
stress and time spent searching for parking spaces.

6. Enhanced Parking Lot Management: For parking lot operators, the system streamlines slot
management by providing an automated way to monitor occupancy. This feature can help
optimize parking resources and potentially increase revenue.

7. Scalability: The system is designed to be scalable, allowing for easy integration into larger
parking facilities, such as those found in urban areas or commercial complexes.

While the results are promising, it's important to note that real-world implementation may
require further fine-tuning and considerations, such as security and system reliability,
particularly in environments with a high volume of users and vehicles.

Overall, our project demonstrates the potential for an innovative and accessible solution to
parking management, making parking more convenient for both drivers and parking lot
operators. The results suggest that the system can significantly improve the parking experience

and offer a practical approach to addressing parking-related challenges.

4.5 Challenges
While the development of an Automated Car Parking System (ACPS) using IR sensors and

ESP32 offers numerous benefits, several challenges had to be addressed to ensure the system's
success and reliability.

» Reliability and Accuracy of IR Sensors: The accuracy and reliability of IR sensors are
crucial for the system's performance. External factors such as ambient light, weather
conditions, or interference from nearby electronic devices can affect sensor readings.
Ensuring consistent and accurate data from IR sensors poses a significant challenge,
requiring careful calibration and robust sensor technology.

» Security Concerns: As with any automated system, security is a paramount concern.
The ACPS must safeguard against unauthorized access, data breaches, and cyber-
attacks. Implementing robust encryption, secure communication protocols, and
regularly updating security measures are essential to protect user data and the integrity
of the parking system.

» Cost Management: Integrating advanced technologies like ESP32 microcontrollers and
a network of IR sensors can incur significant costs. Balancing the performance and
features of the system with cost-effectiveness is a challenge. Developers must find ways
to optimize the system's components without compromising functionality to make the

ACPS economically viable for widespread implementation.
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Scalability Challenges: Adapting the ACPS to varying scales, from small parking lots
to large multi-level facilities, introduces scalability challenges. The system needs to
efficiently handle an increasing number of sensors, user connections, and data points
without sacrificing performance. Designing a modular and scalable architecture is
crucial for the successful implementation of the ACPS across diverse parking
environments.

Power Consumption and Energy Efficiency: The energy efficiency of the system,
especially considering the use of ESP32 microcontrollers, is critical for sustainable
operation. Balancing the processing requirements with energy conservation poses a
challenge, and developers must optimize the system to minimize power consumption
without sacrificing real-time processing capabilities.

User Adoption and Interface Design: The success of the ACPS depends on user
adoption and ease of use. Designing an intuitive and user-friendly interface for both the
mobile application and physical displays within the parking facility is a challenge.
Ensuring that users can easily understand the information provided, navigate the
system, and trust its accuracy is essential for the system's overall acceptance.
Environmental Factors: The ACPS must operate effectively in various environmental
conditions, including extreme temperatures, heavy rainfall, or other adverse weather
scenarios. Ensuring the durability and resilience of the system's components against
environmental factors is a challenge, especially for outdoor parking facilities.
Regulatory Compliance: Adhering to local regulations and standards related to data
privacy, security, and technology usage is crucial. The ACPS developers must navigate
a complex regulatory landscape, ensuring that the system complies with legal
requirements and addresses potential concerns related to user privacy and safety.
Maintenance and System Upkeep: An automated system like the ACPS requires regular
maintenance to address wear and tear, sensor malfunctions, and software updates.
Developing a robust maintenance strategy and implementing mechanisms for remote
monitoring and diagnostics are essential to minimize downtime and ensure the long-
term viability of the system.

Integration with Existing Infrastructure: Retrofitting the ACPS into existing parking
facilities poses integration challenges. Compatibility with legacy systems, coordination
with other smart city initiatives, and seamless integration into the urban infrastructure

require careful planning and collaboration with relevant stakeholders.



Addressing these challenges will be critical for the successful deployment and sustained

operation of an Automated Car Parking System using IR sensors and ESP32, ensuring it

delivers on its promises of efficiency, sustainability, and user satisfaction.

4.6 Discussion
Our Automated Car Parking System has shown promising results, but there are some important

points to discuss about its performance and potential impact.
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User-Friendly Design: The system was designed with users in mind. The Android
application is easy to use, and this makes it accessible to a wide range of people. This
user-friendly design is a big plus because it can help more people take advantage of the
system.

Reducing Stress: The system aims to reduce the stress of finding a parking spot. Users
who tested the system reported feeling less anxious and frustrated when looking for
parking. This is a significant benefit as it can improve the overall quality of the driving
experience.

Efficiency: By updating parking slot information in real-time, the system can help
drivers quickly locate vacant parking spaces. This efficiency not only benefits drivers
but also reduces traffic congestion around parking areas.

Parking Lot Management: For parking lot operators, the system offers a tool for better
managing parking spaces. This can lead to increased revenue and more effective use of
parking facilities.

Scalability: Our system is designed to work for both small and large parking facilities,
making it versatile. However, when scaling up to larger operations, it may be necessary
to consider issues like data security and system reliability to ensure that it performs
consistently.

Further Development: While our project has shown potential, there is always room for
improvement. Future work could focus on making the system even more user-friendly,
secure, and efficient. Feedback from users will be valuable in shaping these
improvements.

Cost Considerations: Implementing such a system may have associated costs, including
the setup of sensors, microcontrollers, and databases. However, these costs may be
offset by the benefits of improved parking management and customer satisfaction.



CHAPTER 5

IMPACT ON SOCIETY, ENVIRONMENT AND
SUSTAINABILITY

5.1 Introduction

We'll delve into the potential impact of our Automated Car Parking System on society,
environment, and sustainability. We'll explore how this technology can address existing
challenges and contribute to a more efficient and sustainable future for urban spaces. Urban
spaces around the world grapple with a seemingly insurmountable challenge: parking. Finding
a vacant spot often leads to wasted time, circling streets, and simmering frustration. This
seemingly mundane struggle manifests in broader societal and environmental consequences,
contributing to congested roads, increased emissions, and inefficient land use. Our project,
however, presents a glimmer of hope — an Automated Car Parking System developed with a
vision beyond mere automation. We envisioned a solution that not only streamlines parking
experiences but also ripples outwards, impacting society, environment, and sustainability in

positive and profound ways.
5.2 Social Impact

Reduced Driver Stress and Time: Finding parking slots often leads to frustration and wasted
time. Our system can significantly reduce these burdens by providing real-time information
and guiding drivers to available spaces. This can lead to improved driver well-being and traffic

flow.

Enhanced Accessibility for Different Users: The system can be designed with features that
cater to individuals with disabilities, such as audio cues or accessible interfaces. This can

improve parking accessibility for a broader range of users.

Streamlined Parking Management: Parking lot operators can gain valuable insights into parking
patterns and optimize resource allocation, leading to improved efficiency and potentially lower

Costs.
5.3 Environmental Impact

e Reduced Emissions: By streamlining parking searches and minimizing wasted driving,

our system can contribute to lower vehicle emissions and improved air quality.

e Efficient Land Use: The system can potentially enable more efficient use of parking
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spaces, allowing for repurposing valuable land for other purposes such as green spaces

or Community centers.

Data-driven Strategies: The collected data can be used to analyze parking trends and
develop data-driven strategies for traffic management and urban planning, benefiting

the overall environment.

5.4 Sustainability

Promotes Eco-Friendly Options: The system can integrate with bike sharing or ride-
hailing services, encouraging users to consider alternative transportation options, thus

reducing car dependency and promoting sustainable mobility.

Lower Energy Consumption: By optimizing parking usage and reducing unnecessary
driving, the system can contribute to lower energy consumption, benefiting both users

and the environment.

Scalability and Future Potential: The modular design allows for scaling the system to
accommodate larger parking facilities and integrate with future smart city technologies,
paving the way for long-term sustainable urban development.

Our Automated Car Parking System has the potential to significantly impact society,

environment, and sustainability by making parking more efficient, reducing emissions, and

promoting alternative transportation options. By addressing potential concerns and ensuring

inclusive development, we can unlock the full potential of this technology for a smarter,

greener, and more equitable urban future.

5.5 Advantages of the Automated Car Parking System
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» Optimized Space Utilization: The ACPS minimizes wasted space by precisely

allocating parking spots based on real-time availability, optimizing the overall capacity
of the parking facility.

Time Efficiency: Users experience reduced waiting times as the system swiftly guides
them to available parking spots, enhancing the overall efficiency of the parking process.
Environmental Impact: The reduction in idle time and fuel consumption while
searching for parking spots contributes to a decrease in carbon emissions, promoting
environmental sustainability.

Scalability: The modular architecture of the ACPS allows for easy scalability to

accommodate growing parking demands in urban areas.



CHAPTER 6

CONCLUSION AND FUTURE SCOPE

6.1 Conclusion
In conclusion, our Automated Car Parking System has the potential to make parking easier and

less stressful for drivers. It can also help parking lot operators optimize their spaces. While the
system has demonstrated its effectiveness, there are areas for further development and fine-
tuning to ensure it meets the needs of a diverse user base and various parking scenarios. This
project represents a step towards a more efficient and user-friendly parking experience.
Conclusion:

In summary, our project brings good news for those tired of the stress and frustration that often
come with finding a parking spot. We've developed an Automated Car Parking System that
simplifies the parking process and makes it more convenient for both drivers and parking lot
operators. Our system uses Infrared (IR) sensors, the ESP32 microcontroller, an Android app,
and a cloud-based database to provide real-time information about parking slot availability.
This means you can check for empty spots before you even reach the parking lot. The results
from our project are promising. Users found the system easy to use, and it made their parking
experience less stressful. They could quickly find empty parking spots, and parking lot
operators had a better way to manage their spaces. However, there's always room for
improvement. As we move forward, we can make the system even better, more secure, and
more efficient. We'll listen to feedback from users to make these improvements. While there
may be some costs associated with setting up such a system, the benefits in terms of
convenience, reduced stress, and better parking space management can outweigh these costs.
In the end, our project represents a step toward a future where parking is less of a hassle and
more of a breeze. We hope that our work inspires more innovation in the field of parking

management, making the world a little easier for everyone who drives.

6.2 Future Scope

Within the meticulously designed infrastructure of a smart city, parking transcends its
traditional limitations and blossoms into an integrated component of urban optimization.
Sensor-laden streets and parking facilities engage in a seamless digital dialogue, effortlessly
guiding vehicles to available spaces, thus mitigating the perennial frustrations associated with

conventional parking methods.
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Mobile applications, acting as indispensable navigators, empower drivers with real-time
insights into parking availability. Dynamic maps, perpetually refreshed with current parking
data, illuminate the most efficient routes, minimizing wasted time, fuel consumption, and
unnecessary emissions. The antiquated practice of aimless circling yields to the calculated
precision of pre-booking capabilities and dynamic pricing structures, ensuring optimal resource
utilization. The collective data harvested from this network of sensors transcends the realm of
individual convenience and ascends to the domain of urban intelligence. Traffic patterns,
meticulously analyzed and visualized, reveal invaluable insights that foster proactive
congestion mitigation strategies. Parking spaces evolve into dynamic entities, capable of
adjusting their pricing in accordance with real-time demand, thus encouraging efficient
utilization and discouraging prolonged occupancy.

The ramifications of this intelligent parking paradigm extend beyond the optimization of
parking itself, permeating the broader tapestry of urban life. Commuters, liberated from the
shackles of parking-related stress, reclaim precious time and embrace a more tranquil travel
experience. Businesses within the city's core, no longer hindered by parking scarcity, witness
a resurgence of patrons, invigorating economic activity and fostering a vibrant urban
ecosystem.

In essence, the integration of smart parking technologies into the heart of smart cities heralds
a transformative era in urban management. By seamlessly aligning parking availability with
real-time demand, facilitating efficient navigation, and promoting data-driven decision-
making, smart parking emerges as a catalyst for a cleaner, more efficient, and ultimately more

livable urban landscape.
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