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Abstract: This paper presents the design and implementation of an loT-based smart parking detection
and access control system using the ESP32 microcontroller. The system addresses common urban
challenges such as inefficient parking management, traffic congestion, and user inconvenience by
enabling real-time monitoring, space navigation, and automated gate control. The ESP32 serves as the
central hub, integrating multiple input devices, including a GPS module for location tracking and
infrared (IR) sensors for vehicle presence detection. Based on the collected sensor data, the ESP32
processes occupancy information, updates a visual display, and controls output devices such as servo
motors for barrier operation and LEDs for status indication. The system provides seamless interaction by
guiding users to available spaces, granting access when conditions are met, and continuously updating
the parking status through visual and cloud-based interfaces. Through Wi-Fi connectivity, the system
enables remote monitoring, mobile app integration, and real- time notifications to users and facility
operators, enhancing overall efficiency and user experience. The proposed smart parking system
demonstrates improved space utilization, reduced search time for parking, automated access
management, and offers a scalable solution for modern urban environments where smart city initiatives
are increasingly critical
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L. INTRODUCTION
The growing urban population and increasing number of vehicles have led to significant challenges in parking
management, particularly in densely populated areas. Drivers often spend an excessive amount of time searching for
available parking spaces, resulting in increased traffic congestion, wasted fuel, and elevated carbon emissions.
Traditional parking systems, which rely heavily on manual management and visual inspection, are no longer sufficient to
meet modern demands. Consequently, there is a critical need for an intelligent, automated, and real-time parking
management solution that can optimize space utilization and enhance user convenience.
Recent advancements in Internet of Things (IoT) technologies have paved the way for innovative parking solutions that
integrate wireless communication, real-time data processing, and remote monitoring. IoT-based smart parking systems
leverage a network of sensors, actuators, and controllers to detect the availability of parking spaces and guide drivers
efficiently. Such systems not only alleviate the stress associated with parking but also contribute to the reduction of
urban traffic and environmental pollution. By offering real-time updates on parking availability and automating access
control, smart parking solutions significantly improve the overall efficiency of parking facilities.
At the core of the proposed system is the ESP32 microcontroller, a powerful and versatile device equipped with built-in
WiFi and Bluetooth capabilities. The ESP32 acts as the central unit, processing sensor data, managing communication
with cloud services, and controlling actuators such as servo motors and LED indicators. A GPS module is integrated
into the system to provide precise location tracking, enhancing navigation within large or multi-level parking structures.
Infrared (IR) sensors are deployed to detect the presence or absence of vehicles in individual parking spots, feeding real-
time occupancy data to the ESP32 for processing and decision-making.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 48

7 1ssN W
| 2581-9429 |}

;7Y

&\ IJARSCT /¥
Q




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 3, June 2025 Impact Factor: 7.67

The system is designed to provide a seamless experience for both users and facility operators. Upon vehicle arrival, the
IR sensors immediately assess parking space availability. If a spot is available, the GPS guides the driver to the
designated location, and the display unit provides visual directions and parking status updates. Servo motors control the
opening and closing of entry and exit gates, ensuring that access is granted only when parking spaces are available.
Visual indicators, such as green and red LEDs, offer quick and intuitive feedback to users regarding parking availability
and operational status.

In addition to local management, the system offers remote monitoring and control capabilities through IoT integration.
The ESP32's wireless connectivity enables real- time data transmission to cloud platforms, allowing facility operators to
monitor occupancy levels, analyze usage patterns, and generate reports. Mobile application support further enhances
user interaction by providing live updates, reservation options, and notifications. This real-time, data- driven approach
improves parking efficiency, reduces unnecessary vehicle movement, and supports the broader goals of smart city
initiatives.

Overall, the proposed IoT-based smart parking detection system represents a comprehensive solution to modern urban
parking challenges. By integrating intelligent sensing, automated control, and wireless communication, the system
maximizes parking space utilization, reduces environmental impact, and elevates the user experience. Its modular and
scalable design also ensures that it can be easily adapted to different types and sizes of parking facilities, making it a
viable solution for both public and private applications.

PROBLEM STATEMENT
To develop an efficient IoT-based smart parking detection system that enables real-time monitoring, optimized space
utilization, and improved user navigation to address parking challenges in urban environment

OBJECTIVE
e To develop a system that detects and communicates real-time availability of parking spaces using loT
technology.

e To guide drivers efficiently to the nearest available parking space through a user-friendly mobile or in- vehicle
application.

e To reduce traffic congestion by minimizing the time vehicles spend searching for parking.

e To lower fuel consumption and vehicle emissions by optimizing the parking search process.

e To provide valuable data and insights to urban planners for better parking infrastructure management and city
planning.

II. LITERATURE SURVEY
"Smart Parking Management System Using IoT" by Gupta, A., & Sharma, R. (2020)
This paper explores an IoT-based smart parking system designed to reduce congestion and improve space utilization. It
uses sensors and cloud computing for real-time parking space detection, which aligns closely with the goals of
modernizing parking management systems. The authors highlight the importance of minimizing search time and
improving the overall efficiency of urban parking spaces.
"An IoT-Based Parking System with Smart Traffic Management" by Kumar, P., & Verma, M. (2018)
The authors developed an IoT-enabled parking solution that integrates with traffic management systems to provide real-
time parking information. They used RFID, IR sensors, and cloud-based technology to offer drivers accurate space
availability and dynamic routing. This paper provides insights into integrating [oT parking systems with broader traffic
management for urban efficiency.
"Real-Time Parking Space Detection Using Wireless Sensor Networks" by Lee, J., & Park, H. (2017)
This study investigates the use of wireless sensor networks (WSNs) to monitor parking spaces. The authors demonstrate
how WSNs, including IR sensors, can be applied for detecting occupancy and how these systems can provide real-time
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updates to drivers through a mobile interface. Their findings emphasize the system's ability to improve space
management and decrease environmental impact by reducing the time spent searching for parking.

"Cloud-Based Parking Management System with IoT" by Sharma, D., & Singh, R. (2019)

In this paper, a cloud-based parking management system is developed that connects IoT-enabled sensors with cloud
platforms for real-time data analysis. The system allows for effective parking allocation, monitoring, and guiding
drivers to available spaces, providing valuable insights into traffic management and future urban planning.

"Vehicle Detection and Parking Guidance System Using IoT" by Mehta, S., & Kaur, A. (2021)

This research introduces a vehicle detection system using IoT sensors such as IR sensors, ultrasonic sensors, and GPS
for parking space management. The system provides real-time guidance to drivers, improving parking efficiency. The
authors focus on integrating user-friendly mobile applications and cloud-based systems for seamless parking
management.

II1. PROPOSED SYSTEM
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Figure 1: Block Diagram
The system is designed to ensure seamless operation and safety of the electric vehicle by integrating various
components, including Bluetooth communication, sensors, and a
The working of the IoT-based Smart Parking Detection system can be broken down into several key stages. These
stages describe how each component of the system interacts with others to create a seamless and efficient parking
management solution.
Vehicle Detection:
When a vehicle arrives at the parking facility, the Infrared (IR) Sensors installed at each parking space detect the
presence of the vehicle. These sensors send real-time occupancy data (whether the space is occupied or free) to the
central processing unit (ESP32).
The IR sensors continuously monitor the parking spots and update the status of each space. If a vehicle is detected, the
sensor sends a signal to the ESP32 indicating that the space is occupied.
Data Processing and Decision Making:
The ESP32 Microcontroller acts as the central control unit of the system. It receives input from the IR sensors and
processes this data to determine the parking space availability in real time
The ESP32 also interfaces with a GPS module to provide accurate location information about the parking facility,
which is particularly useful for guiding drivers to available spots in large or multi- level parking areas.
If a parking space is available, the ESP32 sends a signal to the LED indicators and Display to alert the driver about the
availability.
Parking Navigation:
Once a parking space is detected as free, the GPS module guides the driver to the exact location of the available spot.

The LCD Display shows directions and instructions on the screen for the driver to follow.
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The LED indicators play a crucial role in signaling the availability or occupancy of the parking spots. Green LEDs light
up when a space is free, and Red LEDs light up when a space is occupied. This clear visual feedback helps drivers
quickly identify available spots as they approach the parking area.

Access Control (Gates and Barriers):

The system incorporates servo motors to control access to the parking lot. These motors are connected to entry and exit
barriers at the gates.

When a vehicle approaches the gate and a parking space is available, the ESP32 triggers the servo motors to open the
gate, allowing the vehicle to enter the parking lot.

Conversely, if no parking spaces are available, the gate remains closed, preventing entry into the facility. This process
ensures that the system only allows vehicles to enter when there is an available spot.

Continuous Monitoring:

As long as the system is active, the IR sensors continue to monitor the occupancy status of the parking spots. If a
vehicle leaves a spot, the sensors immediately update the ESP32, and the system reverts the status of that spot to
"available."

The LED indicators and LCD display also get updated to reflect the new status, showing real-time changes in parking
space availability to approaching drivers.

Cloud and Remote Monitoring:

The IoT-based system is integrated with a cloud platform using the Wi-Fi capabilities of the ESP32. This allows for
remote monitoring and control of the parking system.

Facility operators can access real-time data through a mobile app or web dashboard to monitor parking space
availability, system performance, and any issues that arise.

The cloud connection also allows for data storage and analysis, enabling facility operators to track occupancy patterns,
optimize parking space usage, and improve parking facility management over time.

User Feedback and Notifications:

As part of the system's mobile integration, users (drivers) can receive real-time notifications about parking space
availability and guidance through a mobile app.

The system can send alerts to users when the parking lot is full or when they have successfully secured a parking spot.
This increases user convenience and helps to minimize unnecessary driving within the facility.

Power Management:

The system ensures optimal performance and energy efficiency with a robust power supply that powers all components
like sensors, motors, and the ESP32 microcontroller. The power management unit regulates the system's energy
consumption, ensuring it operates effectively without wasting resources.

System Workflow Summary:

Vehicle arrives at the parking facility.

IR sensors detect vehicle presence in the parking space.

ESP32 processes data from sensors and determines availability of parking space.

If space is available, the GPS guides the driver to the spot.

LED indicators (Green for available, Red for occupied) show the parking status.

Servo motors control the entry/exit gate based on availability.

Cloud integration allows remote monitoring and data analysis by parking operators.

Continuous real-time updates ensure accurate space availability, improving user experience.

IV. RESULTS AND ANALYSIS
The IoT-based Smart Parking Detection system has been designed to automate parking management, improve space
utilization, and provide real-time updates to users and operators. The following sections describe the results achieved
from the implementation and testing of the system, along with an analysis of its performance, effectiveness, and overall
impact.
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Real-time Parking Space Monitoring:

The core functionality of the system, which involves real- time monitoring of parking space occupancy, was successfully
tested. The IR sensors installed at each parking spot provided accurate data on whether a space was occupied or
available. The system processed this data efficiently through the ESP32 microcontroller, and it consistently updated the
status on both the LCD display and the LED indicators. In tests, the Green LEDs illuminated for available spots and
Red LEDs lit up for occupied spots, providing clear visual feedback for users. The system was able to update the
status of parking spaces in real time, ensuring that drivers had access to the most up-to-date information when
navigating through the parking lot.

Navigation Assistance and User Guidance:

The integration of the GPS module into the system enhanced its utility by providing accurate location-based guidance
for users. During testing, the GPS successfully guided users to available parking spaces within large or multi-level
parking areas. The LCD display also provided concise and easy-to-read directions, such as "Space 1 Available," "Space
2 Occupied," and "Proceed to Level 2," helping drivers navigate efficiently to open spots. This feature reduced the time
spent searching for a parking space, which is often a source of frustration in crowded parking lots. The system’s ability
to guide users directly to available spots significantly improved user experience, and it was particularly beneficial in
large parking facilities where manual navigation can be challenging.

Access Control and Automated Gate Operation:

The access control system, powered by servo motors, operated effectively, ensuring that the gates only opened when
there were available parking spaces. The servo motors accurately controlled the entry and exit gates, providing seamless
automation of access based on the availability of parking spaces. In trials, the gates remained closed when the parking
lot was full, preventing unnecessary entry and congestion. Conversely, when a free parking spot was available, the
gates opened automatically for vehicles to enter. This feature effectively reduced unnecessary waiting times at the gate,
streamlined traffic flow into the parking lot, and enhanced the overall parking experience for users.

Cloud Integration and Remote Monitoring:

Another significant outcome of the system was its ability to connect to the cloud via the ESP32’s Wi-Fi capability. This
feature allowed for remote monitoring and management of the parking system. Operators were able to track the real-
time status of parking spaces, receive notifications of system performance issues, and gather analytics on parking space
usage patterns. The cloud-based system also offered the potential for future enhancements, such as predictive analytics
for parking space demand based on time of day, season, or special events. Although still in its initial stages, the cloud
integration demonstrated the potential for smarter parking management, offering operational insights and enabling the
optimization of space usage.

System Efficiency and Scalability:

The performance of the system was evaluated for efficiency and scalability in various scenarios. The system
successfully handled multiple sensors, motors, and displays, without any significant delays or malfunctions. It
efficiently processed data from the sensors and made decisions in real time, ensuring that users experienced minimal
wait times when seeking a parking spot or trying to enter the facility. The ESP32 microcontroller was able to manage
the entire system without any performance degradation, demonstrating the system’s robustness. Additionally, the
system was found to be scalable, with the potential to add more sensors, gates, or displays without compromising
performance, making it a versatile solution for parking facilities of varying sizes.

Challenges and Limitations:
While the system performed well, a few challenges were encountered during testing. The most notable challenge was
ensuring the accuracy of the IR sensors in detecting vehicles, especially in areas with heavy vehicle movement or in

multi- level parking structures. In certain conditions, the sensors faced minor issues with detectlng vehicle presence due
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to obstructions or environmental factors such as lighting. However, these challenges were mitigated with careful
placement and calibration of the sensors. Additionally, the GPS module performed well in open areas but showed slight
accuracy issues in areas with weak satellite signals, such as underground or heavily enclosed parking structures. Future
work could address these limitations by using more advanced sensor technologies or enhancing GPS accuracy with
additional support systems.

V. CONCLUSION

The results of the IoT-based Smart Parking Detection system indicate that it offers a highly effective, automated
solution for parking space management. The system provides real-time monitoring, guidance, and access control, all of
which contribute to improved user experience and operational efficiency. The cloud-based integration opens doors for
future improvements in system optimization, predictive analytics, and user engagement. Despite some minor challenges
with sensor accuracy and GPS performance, the system demonstrates significant potential to revolutionize parking
management in both small and large parking facilities. Future enhancements could further improve the accuracy,
reliability, and scalability of the system, making it an ideal choice for urban spaces, shopping malls, airports, and other
high-traffic areas
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