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Introduction

The Smart Parking System using IoT is developed to address the increasing difficulty of finding parking spaces in urban areas. As the
number of vehicles grows rapidly, traditional parking methods become inefficient, leading to traffic congestion, time wastage, and frustration
among drivers. This system provides a smart and automated solution using Internet of Things (IoT) technology. In this system, sensors such
as ultrasonic or infrared are installed in each parking slot to detect whether it is occupied or available. The collected data is sent to a
microcontroller and then transmitted to a server through the internet. The backend processes this data and updates it in real time. A web-
based application allows users to view available parking slots, book spaces in advance, and manage their bookings easily. Additionally, the
system helps in better utilization of parking spaces and reduces unnecessary vehicle movement. It also supports real-time monitoring, making
parking management more efficient and reliable. This solution is highly useful for smart cities, where efficient traffic and parking
management are essential for sustainable urban development.

Literature Review

Dheeven Kumar,R.,et al. (2023) The paper depicts an loT-based smart parking system for efficient space management. It uses ultrasonic
sensors to detect whether parking slots are occupied or vacant and updates the data in real time. The system provides a web-based interface
where users can check parking availability easily.

Nooripour, M., et al. (2024) The paper presents a comprehensive review of smart parking systems based on different technologies such as
10T, cloud computing, and wireless communication. It explains how real-time data collection and processing improve parking efficiency.

Sharma, R., et al. (2024) The paper depicts an loT-based parking system using NodeMCU and sensors to monitor parking availability. It
provides real-time updates through a web application and allows users to check available slots remotely. The system reduces manual effort
and improves convenience. However, it depends heavily on continuous internet connectivity for proper functioning.

Patel, S., et al. (2025) 3 The paper depicts a smart parking system integrated with [oT and machine learning. It predicts parking availability
based on previous data and user patterns. The system improves decision-making and reduces congestion

K. Reddy et al (2025): it focused on enhancing user convenience through location-based services. The system uses GPS to guide users to
the nearest available parking space and allows advance booking through a mobile application. This approach significantly reduces the time
spent searching for parking and minimizes fuel consumption. However, the system depends heavily on internet connectivity and accurate
location tracking, which can affect performance in certain environments.

Proposed methodology

The block diagram illustrates the overall working of the Smart Parking System using IoT in a clear and systematic way. The system is
designed using multiple hardware components that work together to automate the parking process and improve efficiency. At the entrance
and exit points, IR sensors are installed to detect the movement of vehicles. Whenever a vehicle enters or exits, these sensors send signals
to the ESP32 microcontroller, which acts as the central processing unit of the system. It continuously receives and processes data from all
connected sensors. Inside the parking area, each parking slot is equipped with a sensor (such as ultrasonic or IR sensor) to detect whether
the slot is occupied or vacant. These sensors provide real-time updates to the ESP32, allowing the system to maintain accurate information
about parking availability. The processed data is then displayed on an LCD screen, which shows the number of available parking slots. This
helps drivers quickly understand the parking status without manually checking each slot, saving both time and effort.

Block diagram:

I

LCD Display
(20x4 12C)

= ESP32
Servo Motor RTC Module
Power Supply Fower SubBLy

e > ., (5v.2A)

Fig.1. Block Diagram
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A servo motor is connected to control the entry gate. When a vehicle is detected and parking space is available, the ESP32 sends a signal to
the servo motor to open the gate automatically. If no parking space is available, the gate remains closed, preventing unnecessary entry.The
RTC (Real-Time Clock) module is used to maintain accurate time records. It helps in tracking vehicle entry and exit time, which can be
useful for billing, monitoring, and future analysis of parking usage. All components in the system are powered by a regulated 5V power
supply to ensure stable and continuous operation. The system can also be connected to the internet to enable real-time data monitoring and
integration with web or mobile applications. Overall, the Smart Parking System improves parking management by reducing manual effort,
minimizing traffic congestion, saving time, and providing a smooth and automated experience for users. It is a scalable and efficient solution
suitable for modern smart city infrastructure.

Product hardware description

Servo Motor

Fig.2 Servo Motor

A servo motor is a rotary actuator used for precise control of angular position. It includes a motor, gear train, control circuit, and feedback
sensor. The motor is controlled using PWM signals and can typically rotate from 0° to 180°. Servo motors provide high torque relative to
their size and are widely used in robotics

ESP32
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Fig.3 ESP32

The ESP32 is a low-cost and low-power System-on-Chip (SoC) microcontroller with built-in Wi-Fi and Bluetooth capabilities. It is
developed by Espressif Systems and is widely used in Internet of Things (IoT) applications due to its high performance and versatility.

The ESP32 is an advanced version of the ESP8266, offering better processing power, faster speed, and more features. It comes with a dual-
core processor, multiple GPIO pins, and supports various communication protocols such as UART, SPI, and 12C.

IR Sensor

Fig.4 IRSensor
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An IR sensor is used to detect objects or measure distance using infrared light. It consists of an IR LED that emits light and a photodiode or
phototransistor that detects the reflected light. The sensor provides a digital or analog output depending on the detected object. It is
commonly used in smart parking systems to detect whether a parking spot is occupied or vacant. IR sensors are compact, low- cost, and
easy to interface with microcontrollers like ESP32.

Circuit Diagram
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Fig 4: Circuit Diagram

The circuit diagram shows how all the components of the Smart Parking System are connected and work together in a simple and smart
way. At the center of the system is the ESP32, which acts like the brain and controls everything. Each parking slot has an IR sensor placed
in it. These sensors continuously check whether a slot is empty or occupied. Whenever a car parks or leaves, the sensor detects the change

and sends that information to the ESP32. This helps the system always know the real-time status of all parking spaces. There are also two
IR sensors placed at the entry and exit points. These sensors detect when a vehicle enters or leaves the parking area. Based on this, the
system updates the number of available slots automatically.

Results and Discussions
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Conclusion

The Smart Parking System using [oT offers a practical and efficient solution to the increasing parking problems in urban areas. As the
number of vehicles continues to grow, traditional parking systems are becoming less effective, leading to traffic congestion, time loss, and
inconvenience for users. This system uses sensors, a microcontroller like ESP32, and a web-based interface to provide real-time information

about parking availability. It helps users easily find and book parking spaces without the need for manual searching. The automated gate
control and live updates make the system user-friendly and efficient. By reducing the time spent searching for parking, the system also helps
in saving fuel and minimizing traffic congestion. It improves overall parking management and provides a better experience for users.
Although the system has some limitations, such as dependency on internet connectivity and hardware setup costs, it still proves to be a
valuable solution. In the future, with the integration of mobile apps, Al, and smart city technologies, the system can become even more
advanced.
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