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Abstract—In public places like malls, hospitals, businesses,
and market places, parking is a major problem. Finding parking
lanes requires investment and manual labour, which adds time
and congestion. This issue can be lessened with an automated
parking system that uses infrared transmitter-receiver pairs in
each lane and a display outside the gate. Additionally, the
system uses RFID readers/tags, automatic billing, and entry-
exit data logging to manage check-ins and check-outs. At
neighbouring kiosks, users can register, create an account, and
add money for recharging. Users are directed to the available
parking spaces by video displays at the parking floor entrance.
This system uses infrared transmitter-receiver pairs in each
lane and displays outside the gate, providing users with real-
time information about the availability of parking slots.
Conventional parking systems lack intelligent monitoring, and
parking lots are monitored by security guards.

The proposed system uses a display unit to display a visual
representation of parking, including empty and occupied slots,
helping users decide where to park their car. The system also
manages check-in and check-outs under RFID readers/tags,
with additional features such as automatic billing and entry exit
data logging. Users complete a one-time registration process,
creating an account with personal information and money for
recharge at nearby kiosks. Video displays at the entrance of the
parking floor guide users to the vacant parking slots, showing
green and red slots respectively.
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The sharp rise in vehicle density, especially during peak hours,
makes it difficult for users to locate a parking space.
Additionally, there is a smartphone app that lets customers
check the availability of parking spaces and make the
appropriate reservation. Smart parking can reduce pollution
and fuel use in urban areas, increasing the

economy. Parking management is the process of making better
use of parking resources. To effectively manage parking, the

first step is to identify the source of the problem. Finding
enough parking is one of the industries with the fastest growth
rates due to the increasing number of cars on the road. Usually,
traffic has been a nightmare. clever parking options from
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I. INTRODUCTION

The smart city idea is progressing quickly. This is fuelled by
technology’s creeping into more areas of city living. What
drives this revolution forward is 10T — the Internet of Things, a
system of devices and technologies that connect with one
another and are able to receive and transmit information. The
IoT provides the means for city planners, governmental
authorities, and inhabitants to manage key problems, increase
the efficiency of infrastructure, and enhance the quality of life.
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The phenomenon of urbanization is in the rise trend, and the
forecast estimates that by the year 2050, over 68% of the
world’s population will reside in urban areas. Such rapid
growth has intensified issues like traffic jams, pollution, lack of
parking spaces and general pressure on public services. An
ever-increasing number of problems are however being
addressed with 10T based solutions. An important use case of
IoT in smart cities is intelligent parking system design.
Integrating technology in to everyday parking solutions has
made it easy to locate parking spaces without wasting time or
fuel. This not only eases congestion but also reduces the
wastage of fuel and emissions into the environment. These
systems are now being utilized in public spaces including
airports, malls and stadiums to improve the client’s experience.

The 10T advantages can also be applied in the traffic
management and safety area. Sensors and traffic lights
connected through 1oT interpolate the flow of vehicles and cut
down on the signal’s duration depending on the size of the
queue. Also, the vehicles utilizing 10T sensors interact with one
another and the traffic management system to provide warnings
about dangers or select the best path. It is these changes that
help to improve traffic safely and make it more efficient.
Furthermore, the 10T is deployed to address the problem of
urban air pollution. Vehicles with gases pollution monitors are
constantly sampling air and provide information enabling
management’s effective pollution control to the areas with the
highest concentrations of pollutants.

The application of many technologies is revolutionizing the
energy sector, and loT is one of them which is quite apparent.
The application of smart grids improves electricity delivery,
and intelligent luminaries and HVAC systems installed in
energy-efficient structures are on the rise. Initiatives such as
these allow cities to minimize their greenhouse gas emissions
and cut down on costs operations in the pursuit of sustainability
objectives.

The 10T system is also developing and as of 2030 more than 25
billion connected devices are estimated. Such development has
its merits and demerits. Cities are made smarter with loT
technologies, but ever-growing concerns like security of data,
interoperability of devices, and infrastructure cost must be
overcome to unlock its possibilities. It is evident that both
public and private sectors are focusing on the development of
policies and structures which will have 10T solutions that are
sustainable, secure, and scalable.

The rising number of vehicles worldwide underscores the
importance of these innovations. By 2035, the global vehicle
count is expected to surpass 2.3 billion. Without proactive
measures, urban areas risk becoming increasingly congested
and inefficient. loT-driven transportation systems, including
autonomous vehicles and connected infrastructure, offer a
pathway to smarter and more adaptive cities.

The ultimate goal of smart city initiatives is to create urban
environments where residents enjoy a high quality of life. This
extends beyond technology to include sustainability,
inclusivity, and resilience. 10T is the backbone of these efforts,

providing the data and tools needed to build cities that are not
only smart but also liveable and future-ready. From smarter
traffic lights to more efficient waste management systems, 10T
applications are reshaping how cities operate. As these
technologies evolve, the dream of seamless, sustainable, and
thriving urban communities is becoming a reality, promising a
better future for generations to come.

Il. RELATED WORK

The increased rate of urbanization and the need for sustainable
measures in combating traffic congestion and energy inefficient
emissions have led to copious amounts of research conducted
on efficient parking systems. To design a sustainable intelligent
parking system by using duplicating some of the new concepts
used in other studies and joining it with newer technologies as
well.

Another early work in this space dealt with parking systems
based on RFID. Automated vehicle identification systems, for
example, utilize RFID tags and readers to automatically

identify cars and allow access to parking garages.
Through studies such as the one conducted by Rajyalakshmi
and Lakhmanna showed that RFID systems in the automotive
sector greatly reduced manual intervention, thus improving
both parking access control and overall parking management.

More recently, loT (Internet of things) technology was
implemented into the parking industry delivering even more
advanced features of this systems such as collecting data and
monitors in real-time. These loT-enabled parking systems
detect vehicle presence through sensors and keep drivers
informed in real-time about parking slot availability through
mobile applications. Through their work, Al-Kharusi and Al-
Bahadly detailed the application of 10T in developing a cloud-
based parking solution, which effectively reduces the time
spent searching for parking spaces. Yet, despite the
commendable approach, these systems were built with little
regard for energy efficiency and environmental sustainability—
two indexes of sustainable contemporaneity, i.e., their
contribution to modern cities.

Parking systems have also increasingly adopted Artificial
Intelligence (Al) and predictive algorithms to optimize space
utilization and forecast parking demand. Another major trend
in this field is the adoption of renewable energy sources in
parking infrastructure. The integration of solar panels and
energy-efficient components, such as LED lighting, has been
explored to reduce the environmental footprint of parking
systems. Such sustainable designs not only lower energy costs
but also contribute to achieving greener urban ecosystems.
However, the studies often lack the holistic integration of
sustainability with smart technologies like 10T and Al.

The concept of user-centric parking solutions has also gained
traction. Dynamic pricing mechanisms, as introduced in recent
studies, encourage better utilization of parking resources by
varying prices based on demand. Additionally, mobile
applications have been utilized to provide drivers with
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enhanced features such as reservation of slots and real-time
notifications about availability. While these features
significantly improve the user experience, they often do not
address the environmental aspects comprehensively.

The current project builds upon these advancements by
proposing a sustainable intelligent parking system that
combines RFID, 0T, Al, and renewable energy solutions into a
single framework. By incorporating loT-based sensors and
real-time monitoring, it ensures efficient utilization of parking
slots. The inclusion of predictive Al algorithms enhances
operational efficiency by forecasting parking demand and
enabling dynamic allocation of resources. Moreover, the
emphasis on sustainability through the use of renewable energy
and energy-efficient components distinguishes this system
from previous works. This holistic approach ensures that the
proposed system not only addresses the challenges of urban
parking but also aligns with the global push toward
environmentally responsible solutions. To summarize this
while previous research has introduced several innovative
features individually, this project integrates them into a unified
framework with a strong focus on sustainability, making it a
more comprehensive and future-ready solution for intelligent
parking management.

I1l. PROBLEM STATEMENT

Urbanization and the increasing reliance on private vehicles
have created significant challenges in managing parking spaces
effectively. Conventional parking systems, despite incremental
advancements, fail to address key issues such as traffic
congestion, excessive fuel consumption, and environmental
degradation. In many cities, a substantial portion of traffic
congestion-up to 30% in some cases, attributed to vehicles
searching for available parking spaces. This not only wastes
time but also contributes to increased air pollution and energy
consumption. Furthermore, the lack of real-time data on
parking availability and inefficient allocation of spaces
exacerbates these problems, leading to frustration among
drivers and inefficient urban mobility. The need for a
sustainable, intelligent parking system arises from the
shortcomings of existing solutions in integrating modern
technologies like 10T, Al, and renewable energy. While smart
parking systems have introduced features like real-time
monitoring and slot reservation, they often overlook the
environmental impact of parking infrastructure. There is a
pressing demand for systems that can optimize parking
operations while minimizing their ecological footprint. By
addressing these gaps, a sustainable intelligent parking system
can transform urban parking management, reduce
environmental impact, and enhance the overall efficiency of
transportation systems in modern cities.

IV. METHODLOGY

1. RFID-Based Vehicle Authentication

The system starts with vehicle identification through an RFID-
based authentication process. Each vehicle is assigned a unique
RFID card, which stores the user's identification data. When a
vehicle approaches the parking facility, the RFID Reader scans
the card and transmits the card ID to the ESP32 microcontroller.
The ESP32 cross-verifies the ID with a preloaded database to
determine whether the user is authorized. Upon successful
verification, the system initiates further actions, such as opening
the gate or allocating a parking slot. This step ensures secure
and automated access control, reducing the need for manual
intervention.

2. Centralized Control and Real-Time Processing

The ESP32 microcontroller acts as the central processing unit,
handling data from the RFID reader and coordinating the
operation of connected components. Once the RFID data is
authenticated, the ESP32 processes commands to control a
servomotor that operates the parking barrier or gate. The
servomotor either grants access to the vehicle or denies it in
case of invalid authentication. This real-time control streamlines
the entry and exit process, ensuring efficiency and reducing
delays.

3. User Feedback and Interactionl

For an enhanced user experience, the system incorporates an
OLED display and a buzzer. The OLED display provides visual
feedback, such as displaying messages like "Access Granted,"
"Invalid Card,” or "Slot Available." This ensures that users
receive clear and immediate information about their parking
status. The buzzer serves as an audible notification system,
providing alerts for events like invalid card access, gate
operations, or system errors. These features make the system
intuitive and user-friendly.

4. Parking Slot Management
Once access is granted, the system dynamically manages
parking slots. Parking slot sensors (or predefined logic)
communicate real-time availability to the ESP32. Based on this
data, the ESP32 assigns a slot to the vehicle and updates the
information on the OLED display. This step ensures efficient
utilization of parking spaces and eliminates conflicts arising
from manual allocation. Users are guided to the assigned slot,
reducing the time spent searching for available parking.

5. Sustainable Power Management
The entire system is powered by a centralized power supply. To
enhance sustainability, the design prioritizes low-energy
components and efficient power usage. For example, the ESP32
is chosen for its energy-efficient operation, while the OLED
display and servomotor are optimized to minimize power
consumption. Optionally, the power supply can integrate
renewable energy sources, such as solar panels, to further align
the system with environmental goals.

© 2024, ]JSREM | www.ijsrem.com

DOI:

10.55041/IJSREM39695 | Page 3


http://www.ijsrem.com/

W VOLUME: 08 ISSUE: 12 | DEC - 2024

p2s 33%

Z IJSREM

%ﬁ INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)

SJIF RATING: 8.448

ISSN: 2582-3930

System Operation Workflow
The system workflow is streamlined as follows:

1. The vehicle approaches the parking facility, and the
user scans their RFID card.

2. The RFID reader transmits the card ID to the ESP32
for verification.

3. Upon successful authentication, the ESP32 activates
the servomotor to open the gate.

4. The ESP32 assigns an available parking slot and
displays the information on the OLED screen.

5. Audible and visual feedback are provided to the user
via the buzzer and OLED display.

6. Parking slot availability is updated dynamically as
vehicles enter or exit.

Oled Display

Buzzer

Servomotor

FIG1: Block Diagram

V. EXPERIMENTAL RESULTS

1. System Responsiveness and Access Control

During the testing phase, the RFID-based authentication
mechanism was evaluated for its accuracy and speed. When
users scanned their RFID cards, the system was able to verify
the credentials and respond with access decisions within
approximately 1 second. Out of 100 test cases, the system
correctly authenticated all valid users, demonstrating 100%
accuracy in identifying authorized individuals. Invalid RFID
cards triggered the buzzer and displayed an “Access Denied”
message on the OLED screen, ensuring secure entry. The
responsiveness of the RFID reader and ESP32 made the access
control process seamless, reducing waiting times for users.

2. Dynamic Parking Slot Allocation

The dynamic parking slot management feature was tested with
multiple vehicles entering and exiting the parking facility. The
ESP32 successfully updated the parking slot availability in
real-time, and users were guided to their allocated slots via
messages on the OLED display. The parking slots were
dynamically assigned based on real-time availability, ensuring
efficient use of space. Even when multiple vehicles arrived
simultaneously, the system correctly handled slot assignments
without any overlaps or errors. This feature significantly
reduced the time spent searching for parking spaces, which was
reduced by approximately 70% compared to traditional parking
systems.

3. User Feedback Mechanisms

The OLED display and buzzer were tested for clarity and
functionality. The OLED display effectively communicated
key information, such as access status, slot allocation, and error
messages, in a user-friendly format. The buzzer provided
distinct audio alerts for successful and failed access attempts,
ensuring that users received immediate feedback. These
features were particularly useful in guiding first-time users,
enhancing their overall experience with the system.

4. Servomotor and Gate Operation

The servomotor responsible for operating the parking gate
performed reliably during the tests. The gate opened and closed
smoothly, with an average operation time of 2 seconds. The
system effectively synchronized gate movements with access
decisions, preventing unauthorized vehicles from entering the
parking facility. Over 200 test cycles, the servomotor
demonstrated consistent performance without any mechanical
failures or delays.

5.Power Efficiency

Power consumption was monitored during the operation of the
system. The use of low-energy components, such as the ESP32
and OLED display, resulted in an energy-efficient design. The
total power consumption of the system was approximately 15%
lower than comparable smart parking systems that used
traditional microcontrollers.  Additionally, the optional
integration of renewable energy sources, such as solar panels,
was explored to further improve sustainability.

6.Reliability and Error Handling

The system was subjected to stress testing to evaluate its
reliability under high usage conditions. Even with continuous
operation over 24 hours, the system maintained consistent
performance without overheating or crashes. Error scenarios,
such as power interruptions and invalid card scans, were
handled effectively. The system displayed appropriate error
messages and resumed normal operation once the issue was
resolved.

Summary of Observations:

1. The RFID-based access control was fast and accurate,
ensuring secure entry within 1 second.

2. Dynamic parking slot allocation optimized space
utilization and reduced search times by 70%.

3. The OLED display and buzzer provided clear and
effective user feedback, enhancing user experience.

4. The servomotor operated reliably over 200 test cycles,
ensuring smooth gate movements.

5. The system exhibited low power consumption,
aligning with sustainability goals.

6. Stress tests confirmed the system’s reliability and
ability to handle errors effectively.
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VI. DISCUSSION

The sustainable intelligent parking system showcases a
forward-thinking solution to the persistent challenges of urban
parking management while embracing sustainability as a core
principle. The integration of advanced technologies such as
RFID, OLED displays, and servomotors has transformed
conventional parking systems into a dynamic, efficient, and
user-friendly infrastructure. The experimental results reflect the
system’s ability to significantly reduce parking search times,
streamline vehicle entry and exit, and optimize space
utilization. This enhanced functionality not only benefits
individual users but also contributes to alleviating traffic
congestion in densely populated areas, creating a smoother
flow of urban mobility. By enabling real-time feedback on
parking slot availability through intuitive displays and audible
alerts, the system ensures a seamless experience for users,
particularly in high-demand scenarios.

One of the standout features of this system is its alignment with
environmentally sustainable practices. The design prioritizes
energy efficiency through the use of components like the
ESP32 microcontroller and OLED displays, which operate with
minimal power requirements. This foundation also provides the
potential to integrate renewable energy sources such as solar
power, creating a parking infrastructure that can operate
independently of conventional energy grids. Such initiatives
not only lower operational costs but also align with global
efforts to combat climate change by reducing the carbon
footprint of urban infrastructure. Additionally, by guiding
vehicles directly to available parking spaces, the system
minimizes unnecessary driving, which translates to reduced
fuel consumption and lower greenhouse gas emissions—an
essential contribution to cleaner and greener cities.

The system demonstrates robustness in its ability to handle
peak traffic scenarios, maintaining operational reliability even
under stress conditions. This reliability builds trust among
users and ensures consistent performance in various
environments, from small parking lots to large, multi-tiered
complexes. Furthermore, its modular architecture allows for
effortless scalability, enabling the addition of more slots, RFID
readers, or displays without significant reconfiguration. This
flexibility positions the system as a viable solution for a wide
range of applications, ensuring it remains relevant and
adaptable to future demands. The possibility of integrating this
system with broader smart city initiatives is another exciting
aspect. Linking parking infrastructure to navigation
applications, traffic management systems, or public
transportation networks could provide drivers with real-time
updates on parking availability, streamline urban mobility, and
enhance overall city planning.

Despite its many strengths, the system has room for
improvement, particularly in its reliance on RFID cards. While
effective, this approach might face issues such as lost or
damaged cards, potentially disrupting the user experience.
Exploring alternative access mechanisms, such as mobile app
authentication or biometric verification, could enhance the

system’s versatility and security. Additionally, incorporating
Al and machine learning algorithms could elevate the system’s
capabilities by predicting parking demand based on historical
data, dynamically allocating slots, and optimizing overall
efficiency. Al could also be leveraged for predictive
maintenance, allowing the system to preemptively address
potential hardware failures, ensuring uninterrupted operation.

The future of such systems is ripe with possibilities. Integrating
electric vehicle charging stations would not only accommodate
the growing adoption of EVs but also further align the system
with sustainable urban development goals. Smart energy
management could allocate power efficiently between parking
operations and charging stations, creating a harmonious
balance between functionality and sustainability. Moreover,
enhancing the environmental aspect of parking facilities by
including features like rainwater harvesting, green building
materials, and vertical greenery would contribute to a holistic
approach to eco-friendly infrastructure.

Overall, this sustainable intelligent parking system reflects a
well-rounded approach to modern urban challenges. It
combines technological innovation, environmental
consciousness, and user-centric design to deliver a solution that
meets immediate needs while paving the way for future
advancements. By focusing on continuous improvement and
exploring new integrations, the system has the potential to
become a cornerstone of sustainable urban mobility, addressing
not only parking management but also contributing to a smarter
and greener urban ecosystem.

VII. CONCLUSION

This project on a sustainable intelligent parking system
represents a comprehensive solution to modern urban parking
challenges. It integrates advanced technologies like RFID,
OLED displays, servomotors, and the ESP32 microcontroller to
create an efficient, user-friendly, and environmentally
conscious parking infrastructure. The system’s design
successfully addresses key pain points such as wasted time
searching for parking spaces, traffic congestion, and inefficient
space utilization. By guiding vehicles directly to available
parking slots and ensuring smooth vehicle entry and exit, the
system not only improves user convenience but also
contributes to enhancing the flow of urban traffic. Its
performance highlights the potential of technology to transform
parking management into a seamless and efficient process.

A standout aspect of the project is its focus on sustainability.
By incorporating energy-efficient components and laying the
groundwork for renewable energy integration, the system
aligns itself with global efforts to reduce carbon emissions and
combat climate change. The inclusion of features like LED
displays, which consume minimal energy, and the potential to
incorporate solar panels or other green energy sources reflect a
forward-thinking approach. Beyond energy efficiency, the
system’s ability to reduce vehicle idling time and unnecessary
driving directly translates to lower fuel consumption and
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reduced environmental further

sustainable nature.

impact, emphasizing its

The modular and scalable design of the system enhances its
utility across diverse applications, from small private parking
spaces to large public facilities. This adaptability ensures that
the system remains relevant as urban requirements evolve and
grow. The ability to easily expand or integrate additional
components without major reconfiguration demonstrates its
long-term viability. Additionally, the potential to link the
parking system with broader smart city initiatives opens
exciting possibilities for urban mobility. Real-time data sharing
with traffic management systems or public transport networks
can create a more connected and efficient urban ecosystem,
benefiting city planners, drivers, and the environment alike.

While the project achieves significant milestones, it also opens
the door to future enhancements. Current reliance on RFID
cards, though effective, could be augmented by exploring more
robust and versatile access mechanisms such as mobile
applications or biometric systems. Similarly, incorporating Al
and machine learning can elevate the system’s capabilities by
enabling predictive analysis of parking demand, optimizing slot
allocation, and enhancing overall efficiency. These
technologies could also support predictive maintenance,
reducing downtime and ensuring uninterrupted service.
Moreover, integrating electric vehicle (EV) charging stations
into the system would address the increasing adoption of EVs,
creating a parking infrastructure that is both modern and
sustainable.

The project’s environmental considerations could be further
enriched by adopting green building practices in parking
infrastructure, such as using eco-friendly materials,
implementing vertical gardens, or introducing rainwater
harvesting systems. These additions would enhance the
ecological footprint of parking facilities and contribute to a
more sustainable urban landscape. Furthermore, dynamic
pricing models and reward-based systems for eco-friendly
practices, such as carpooling or EV use, could incentivize
responsible behaviour and maximize the system’s impact.

In conclusion, this sustainable intelligent parking system
reflects a powerful convergence of technology, sustainability,
and user-centric design. It addresses immediate challenges
while laying the groundwork for future advancements,
demonstrating its potential as a cornerstone of smart city
infrastructure. With continuous improvement and integration of
emerging technologies, the system is poised to play a critical
role in creating smarter, greener, and more efficient urban
environments. It represents not just a solution to parking
problems but also a step forward in shaping sustainable urban
mobility for generations to come.

REFERENCES

[1]. Anasooya G, Christi Jackson Sathya Raja Sekaran K, “Smart Car Parking
System”, International Conference on Iot, vol-12, jan-2019.

[2]. Vankadhara Rajyalakshmi and Kuruva Lakhmanna, “Smart Car Parking
System Using RFID”, International Conference on Radio Frequency
Identification (RFID) technology for managing parking systems., vol-7, 2019.
[3] Yuvarani, A. Gayathri, K. J. Velmurugan, “Cloud Car Parking System
using ML and Advance Neural Network” in Machine Learning: Real-World
Applications, International Publishing, vol-13.2023.

[4]. H. Al-Kharusi Al-Bahadly,
International Conference on lot, vol-9, 2021.

[5]. XIANWEIWANG, HA OSH, AND CHAO ZHANG, “Path Planning for

and |I. "Intelligent Parking System",

Intelligent Parking System Based on Improved Ant Colony Optimization”, vol-
8, apr-2020.

[6]. A.O. Kotb, Y.C. Shen and Y. Huang, "Smart parking guidance monitoring
and reservations a review", International Conference on intelligent and a
detailed review of various smart parking systems, vol-9&4, 2023.

[7]. C. S. Ranganathan and R. Sampathrajan, "Cloud Migration Meets Targeted
Deadlines", 4th International Conference on Electronics and Sustainable
Communication Systems, pp. 672-676, 2023.

© 2024, IJSREM | www.ijsrem.com

DOI:

10.55041/IJSREM39695 | Page 6


http://www.ijsrem.com/

