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Abstract: This paper proposes the smart parking management system that depends on Arduino parts,
android applications. with growing, car parking increases with the number of car users. In urban areas,
finding a parking spot can be frustrating. The smart parking management (SPMS)is aims to solve this
issue by using advanced technology this system includes sensors placed in each parking space to detect
whether its occupied or free. The data from these sensors is sent to a central server that processes it in
real-time.

1t allows users to reserve parking spaces of time by alerting they have a spot when they arrive. By
providing real-time alerts and reservation capabilities the system improves the efficiency of urban
parking. This integration of smart technologies into parking management represents a significant step
toward smarter and more efficient urban infrastructure...
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I. INTRODUCTION
The increasing number of vehicles in urban areas has led to significant challenges in finding available parking spaces.
This often results in traffic congestion, wasted time, and driver frustration. To address these issues, the concept of smart
parking has emerged, leveraging technology to optimize parking resource utilization and enhance the overall parking
experience[1].
This project presents a cost-effective and scalable prototype of a smart parking management system utilizing the
Arduino microcontroller as its central processing unit.
The system employs infrared (IR) sensors to detect the presence or absence of vehicles in individual parking slots. This
real-time occupancy information is then processed by the Arduino and displayed on a user-friendly Liquid Crystal
Display (LCD) interfaced via the efficient 2C communication protocol, minimizing the number of required connection
pins. Furthermore, servo motors are incorporated to simulate automated barriers, controlling entry and exit based on
parking availability[2].
This approach offers a tangible demonstration of how readily available and affordable components like Arduino, IR
sensors, [2C LCDs, and servo motors can be integrated to create an intelligent parking solution. The system aims to
provide drivers with real-time information about vacant parking spaces, potentially reducing search times and traffic
congestion within parking facilities. While this prototype focuses on a small-scale implementation, the underlying
principles can be extended and adapted for larger parking areas, paving the way for more efficient and user-centric
parking management in the future. This project highlights the potential of embedded systems and sensor technology in
developing practical solutions for everyday urban challenges [3].
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II. EMBEDDED SYSTEM

The smart parking management system described is fundamentally an embedded system. An embedded system is a
specialized computer system designed to perform a dedicated function, often with real-time computing constraints.
Unlike general-purpose computers (like desktops or laptops), embedded systems are typically integrated into a larger
device or system and are not directly programmable by the end-user in the same way. In this project, the Arduino
microcontroller serves as the core of the embedded system, orchestrating all the sensing, processing, and actuation tasks
required for intelligent parking management[1].

The Arduino microcontroller acts as the embedded "brain," continuously monitoring its environment through sensors,
processing the acquired data according to a pre-programmed set of instructions, and then reacting by controlling output
devices (the LCD and servo motors) to achieve the desired functionality of intelligent parking management. The project
demonstrates how a combination of carefully chosen hardware and specifically designed software can create a system
dedicated to solving a particular real-world problem. As the system evolves, considerations for power efficiency,
robustness, and scalability — all common concerns in embedded system design — would become increasingly
important[2].

III. PARKING MANAGEMENT
A Smart Parking Management System using Arduino works by using sensors (such as ultrasonic or infrared) placed at
each parking spot to detect whether a spot is occupied. The sensors send this data to the Arduino, which processes the
information to determine the availability of parking spaces. The system then displays the number of available spots on
an LCD or LED screen at the entrance, guiding drivers to free spaces. Optionally, it can control entry barriers, allowing
vehicles to enter only when parking is available. This setup streamlines the parking process, reduces congestion, and
improves overall efficiency.

IV. EXISTING SYSTEM
The smart parking management system fundamentally embodies the principles of an embedded system, a specialized
computational unit meticulously engineered to execute a dedicated function with real-time responsiveness. Unlike
general-purpose computers, this system, with the Arduino microcontroller at its core, is intrinsically tied to the specific
task of intelligent parking management, its hardware and software components exclusively tailored to sense parking
occupancy, display availability, and potentially control access mechanisms[1].
Copyright to IJARSCT E'F- [=] DOI: 10.48175/IJARSCT-25891

www.ijarsct.co.in ;

583

ISSN \8

| 2581-9429 |}




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal gD €O
ISSN: 2581-9429 Volume 5, Issue 11, April 2025 Impact Factor: 7.67

This dedication to a singular purpose distinguishes it as an embedded system, where every element, from the infrared
sensors detecting vehicle presence to the 12C-interfaced LCD conveying information and the servo motors simulating
barrier control, contributes directly to this core functionality. While the prototype's real-time constraints might be less
stringent than in critical industrial applications, the underlying concept necessitates a timely response to

changes in parking status, ensuring that the displayed information and barrier operations reflect the current conditions
with minimal delay[2].

The Arduino microcontroller serves as the central processing unit of this embedded system, diligently acquiring data
from the IR sensors, processing this information to ascertain the occupancy status of each parking slot and maintain a
dynamic count of available spaces, and subsequently generating control signals for the LCD and servo motors[3].

This intricate orchestration of data acquisition, processing, and control within a constrained resource environment
(limited processing power and memory of the Arduino) is a hallmark of embedded system design. Furthermore, the
system's primary mode of interaction is with the physical world, utilizing sensors to perceive environmental changes
(vehicle presence) and actuators to influence the physical environment (barrier movement), a stark contrast to the
software-centric interactions of general-purpose computers[4].

The tight coupling between the specific hardware components (Arduino, sensors, LCD, servos) and the dedicated
software (the Arduino sketch) further solidifies its classification as an embedded system, where the software is
meticulously crafted to manage and interact with this particular set of hardware to achieve the defined objective of
smart parking management within its specific application domain[5].

Therefore, the smart parking management system, driven by the Arduino, exemplifies a typical embedded system,
showcasing the integration of hardware and software to perform a specialized task within the physical world,
highlighting the core tenets of embedded system design[6].

V. PROPOSED METHOD

Finding a suitable parking space has become a significant concern for people residing in metropolitan cities. As urban
areas continue to expand and population densities increase, the demand for parking spaces has outpaced the available
supply. Moreover, on-street parking contributes to traffic congestion, reduces road capacity, and poses safety
hazards[1].

Smart parking systems offer promising alternatives. These systems can significantly increase parking capacity by
utilizing advanced technologies like, multi-level car parking and stacked parking. Automated Car parking systems can
be handling vehicles into tight spaces that would be challenging for human drivers, thus making better use of available
space. Additionally, these systems can reduce the time spent searching for a parking spot. And also reducing the traffic
congestion and emissions[2].

VI. SOFTWARE EMPLOYED

The software underpinning this smart parking management system primarily resides within the Arduino IDE, the
development environment where the control logic for the Arduino microcontroller is crafted. This software, written as
an "Arduino sketch" in a simplified C/C++ dialect enhanced with specific libraries, forms the intelligence of the
system[1].

It encompasses the crucial task of reading the digital signals emanating from the IR sensors, meticulously interpreting
these signals to discern the presence or absence of vehicles within each parking bay, and subsequently maintaining a
dynamic tally of the currently available parking spaces. Furthermore, the software leverages dedicated libraries, such as
LiquidCrystal 12C, to establish and manage communication with the I2C LCD module, enabling the formatted display
of real-time parking availability information, including the total capacity and the number of vacant slots, for user
convenience[2].

Similarly, the Servo.h library is integral for controlling the servo motors that simulate the automated parking barriers,
allowing the software to dictate their angular position and thus regulate entry and exit based on the calculated parking
availability. Beyond these component-specific interactions, the software also embodies the core system logic, defining
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how the system responds to changes detected by the sensors, updates the displayed information, and potentially actuates
the simulated barriers[3].

This involves the use of conditional statements, iterative loops, and potentially state-based logic to govern the overall
behavior of the smart parking system, effectively translating raw physical inputs into meaningful information and
controlled physical actions, all orchestrated by the code running on the Arduino microcontroller[4].

VII. RESULTS AND DISCUSSIONS

The Smart Parking Management System project aims to optimize parking space utilization and enhance the user
experience through real-time monitoring. The system requires hardware components such as an Arduino board,
ultrasonic sensors, an LCD I2C display, and optional LED indicators, along with software like the Arduino IDE and
necessary libraries. The project involves designing circuit and block diagrams, assembling hardware, and developing
software to read sensor data, process it, and update the display. Integration and testing phases ensure that all
components work seamlessly together. Finally, the system is deployed with proper installation, calibration, user
documentation, and a maintenance plan to ensure ongoing functionality.

Figure : Circuit Board

VIII. CONCLUSION
The Smart Parking Management System using Arduino effectively addresses modern parking challenges by providing
real-time availability information. Utilizing ultrasonic sensors and an LCD I2C display, it reduces the time drivers
spend searching for parking, thus improving traffic flow and user experience. The system's cost-effective and scalable
design allows for easy expansion and future enhancements, such as mobile app integration and payment systems. By
minimizing fuel consumption and emissions, it also supports environmental sustainability. Overall, this project offers a
practical, efficient, and eco-friendly solution to optimize parking management.

IX. FUTURE SCOPE
In future works, this framework can be enhanced by including different applications. For Example: internet booking by
utilizing GSM. We can use wireless communication to enhance the usage of the system and can book a place from
home. We will attempt to decrease the mechanical structure and attempt to make it eco-friendly.
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