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Abstract Rapid urbanization and an increase in
the number of vehicles has created a need for efficient
and automated parking management systems. This
research focuses on the development of a smart parking
system using Arduino, aiming to optimize vehicle
parking operations through automation and real-time
monitoring. The proposed system uses an Arduino UNO
microcontroller, IR sensors, a servo motor, and a 16x2
LCD display integrated with the 12C module to create a
cost-effective and user-friendly solution.

The system starts with the initialization
of the components, followed by vehicle detection using
infrared sensors at the entrance. When a vehicle is
detected, the Arduino UNO evaluates the availability
of parking spaces. If spaces are available, a servo-
operated barrier allows entry, andan LCD display
provides real-time updates on the number of spaces
available. In cases of full occupancy, the system denies
entry and informs users through the display. This system
operates continuously, updating slot availability after
every vehicle entry or exit and ensuring accurate parking

management.
Its low-cost design, reliability and adaptability make it
suitable  for  deployment in  urban areas,

shopping malls and corporate parking lots. The aim of
this research is to demonstrate the potential of embedded

systems to address modern urban challenges
and advance smart city initiatives.
Key Words:  Arduino UNO, IR Sensor, Servo

Motor,16x2 LCD Display, Real-Time Monitoring,
Parking Slot Management, Urban Parking Solutions

1.INTRODUCTION

The increasing number of vehicles in urban areas has
amplified the need for efficient parking solutions, as
traditional systems often result in delays, congestion, and
user dissatisfaction. The Smart Car Parking System

Using Arduino offers an automated approach to address
these issues by streamlining vehicle detection, gate
operation, and slot management.

1. The system uses low-cost, efficient components,
including the Arduino UNO, IR sensors, servo
motor, and 16x2 LCD display, making it
affordable and easy to implement.

It provides real-time updates on parking slot
availability, enhancing user convenience and
reducing time spent searching for parking spaces.
The automated barrier gate operation ensures
smooth vehicle entry and exit, reducing manual
intervention and increasing efficiency.

Its modular and scalable design allows for
adaptation to various settings, such as shopping
malls, corporate offices, and public parking lots.

By minimizing human involvement and errors,
the system supports the vision of smart cities,
offering a sustainable and reliable parking
management solution.

This paper explores the system's design and functionality,
demonstrating its potential to revolutionize urban parking
management.

2. Body of Paper
An intelligent parking systemis an automated
solution designed to effectively manage parking space.
Using Arduino-based microcontrollers, sensors and
display modules to detect vehicles, manage
gate operations and provide real-time parking updates,
the system aims to improve parking convenience,
reduce traffic congestion and optimise space utilisation.
2.1 Hardware Components
Arduino UNO: Serves as the central processing
unit, controlling all connected components.
IR Sensors: Detect vehicle presence at the
entrance and monitor parking slots.
Servo Motor: Operates the barrier gate for
vehicle entry and exit.
16x2 LCD Display (with 12C Module):
Provides real-time updates on parking slot
availability and system status.
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e Power Supply: Ensures stable operation of all

components.
2.2 Software Components

e Embedded C: Used to program the Arduino
UNO for system operations.

e Arduino IDE: Development environment for
writing and uploading the code

2.3. System Design and Working

2.3.1 Initialization
When powered on, the Arduino UNO initializes
all components, including the IR sensors, servo
motor, and LCD display. The LCD shows a
welcoming message and the current parking
status, such as "Parking Available Slots" or
"Parking Full."
2.3.2 Vehicle Detection
The IR sensor at the entrance detectsa
vehicle approaching by detecting the
interruption in its infrared radius. The sensor
sends a signal to the Arduino one to confirm the
presence of the vehicle.

2.3.3 Decision-Making Process

After detecting a vehicle, Arduino one checks
the availability of parking slot. If
a lock is available:

The  servomotor raisesthe  barrier to
allow vehicles to pass. The LCD screen updates
the number of availableslots. If there

are no available spaces, the gate will remain
closedand the LCDdisplay will display
“Parking Full”.

2.3.4 Parking Slot Management

After a vehicle arrives, the system updates
the number of available spaces.

The system constantly monitors
and changes the number of vehicles entering and

exiting.

2.3.5 Continuous Monitoring

The IR sensors provide real-time input, ensuring
the system remains responsive to changes in
parking occupancy. The servo motor is prepared
to operate as needed.

2.4 Benefits of the System
1. Automation: Reduces the need for manual
intervention, making parking management more
efficient.

2. Cost-Effective: Utilizes low-cost components
for widespread affordability.

3. Scalability: Easily adaptable to various parking
lot sizes and settings.

4. Real-Time Updates: Provides users with
immediate information on slot availability,
reducing search times.

5. User Convenience: Ensures seamless entry and
exit operations for vehicles.

2.5 STEPS INVOLVED

Requirement Analysis

e Identifying system requirements, such as the
number of parking slots to manage, the
components required (e.g., Arduino Uno, IR
sensors, servo motor, LCD display), and the
intended functionality of the system.

Component Selection and Procurement

o Selecting suitable hardware components:

o Arduino Uno: For processing and
controlling the system.

o IR Sensors: To detect vehicle presence
at the entrance and in parking slots.

o Servo Motor: To operate the barrier
gate.

o 16x2 LCD Display with 12C Module:
To provide real-time parking status
updates.

System Design

e Designing the circuit diagram for hardware
connections and layout.

e Developing the logic flow for the system,
including vehicle detection, decision-making,
and slot management.

Hardware Assembly

e Connecting the components as per the circuit
diagram, ensuring proper  wiring and
connections.

e Mounting the IR sensors at appropriate locations
for accurate vehicle detection.

Software Development

e Writing the code for the Arduino Uno using the
Arduino IDE, implementing the following
functionalities:

o Initializing components.

o Vehicle detection and slot management.
o Barrier gate control via the servo motor.
o LCD display updates for user interaction.
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System Integration and Testing

e Integrating the hardware and
components.

e Testing individual modules (IR sensor detection,
servo motor operation, LCD updates) to ensure
proper functioning.

e Conducting end-to-end testing to verify the
system’s performance in detecting vehicles,
managing parking slots, and providing real-time
feedback.

Troubleshooting and Refinement

o Identifying and resolving issues, such as sensor
misalignment, software bugs, or incorrect LCD
outputs.

e Optimizing the code and fine-tuning sensor
placement for enhanced accuracy.

Final Implementation

e Deploying the system in a mock parking
environment for demonstration purposes.

e Documenting the process and results for the
research paper.

software

2.6 CHALLENGES FACED

Component Compatibility: Ensure that all components
(IR sensors, motor servants, LCDs) are compatible with
Arduino Uno and can operate simultaneously without
interference.

Sensor precision: By calibrating the IR  sensors
to carefully detect the presence of the vehicle, avoiding
false positive or negative due to environmental
factors such as lighting conditions or reflexes.

Power problems: Manage the power requirements for
the servomotor and other components to prevent
voltage falls, which could affect the performance of the
system.

Software bug: Debug code errors, in particular in
the complex decision -making logic
for the management of slots and the control of the gate.

Data processing in real time: Ensure that Arduino one
processes the data from the sensors and updates the
system in real time without delays.

Mechanical Alignment: Achieving precise alignment of
the servo motor and barrier to ensure smooth operation
without mechanical failure.

Scalability: Designing the system to handle a larger
number of parking spaces, which may require additional
sensors and more complex logic.

Environmental Factors: Addressing potential
environmental challenges such as dust buildup on sensors
or fluctuating light conditions, which can affect the
performance of IR sensors.

User Feedback Design: Implementinga clear and
intuitive LCD interface to effectively communicate
system status to users.

Cost Constraints: Balancing functionality with cost-
effectiveness to create a viable solution for small
and medium-sized parking facilities.

By overcoming these challenges, the Smart Car Parking
System successfully provides an efficient and reliable
solution for parking management.

2.7 APPLICATIONS

1. Urban Parking Lots
o Implementation in city parking facilities
to manage limited spaces efficiently and
reduce congestion.
2. Commercial Complexes
o Automated parking management in
malls, office buildings, and
entertainment centers to enhance user
convenience.
3. Hospitals and Universities
o Efficient parking solutions for campuses
with high wvehicular traffic, ensuring
smooth operations.
4. Smart Cities
o Integration with loT and smart city
frameworks for real-time parking data
analytics and improved urban planning.
5. Residential Complexes
o Managing parking spaces in gated
communities or apartment complexes.
6. Event Venues
o Temporary deployment at large-scale
events to optimize parking for attendees.
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2.8 ADVANTAGES

1. Automation: Reduces the need for manual
intervention, saving time and resources.

2. Real-Time Monitoring: Provides live updates on
parking availability, improving user experience.

3. Cost-Effective Solution: Low-cost hardware and
simple design make it accessible for small-scale
implementations.

4. Efficient Space Utilization: Optimizes the use of
available parking slots, minimizing empty or
underutilized spaces.

5. Environmentally Friendly: Reduces vehicle
idling time and emissions by directing users to
available slots quickly.

6. Scalability: Can be expanded to accommodate
larger parking lots by adding more sensors and
components.

7. Low Maintenance: Minimal mechanical
components reduce maintenance requirements
and long-term costs.

2.9 Changes and improvements for future research

loT integration

Connect the system to the cloud for remote monitoring
and control, enabling data analysis and
mobile application integration.

Advanced sensors
Replace IR sensors with ultrasonic or RFID systems
for greater accuracy and better vehicle tracking.

Mobile application development
Create a companion app that allows users to check
parking availability and reserve spaces remotely.

Payment system integration
Integrate contactless payment methods such as QR codes
or RFID cards for seamless entry and exit.

Al and machine learning
Use Al algorithms to predict parking needs, optimize

space allocation, and analyze user behavior patterns.

Solar drive system

Carry out the system of system by using
solar collectors to operate the components, which
reduces dependence on the external current.

Park management with several levels

Develop the system to manage parking structures in
several stages with more complex slot allocation
algorithms.

Recognition of the license plate
Add a camera module withalicense plate for
better safety and automated vehicle input.

Extended user interface
Update the LCD screen in a touch screen or
implement language -controlled instructions for an
intuitive user experience.

Emergency characteristics

Integrate emergency mechanisms such as alarms for
unauthorized access or reserved locations for VIPs and
emergency vehicles.

Registration and analysis of the book of data registers
It implements a system of on -board
books to include vehicle items, parking times and use tre
nds for further analyzes.

Integration with intelligent traffic systems

Connect the parking system with traffic management
systems to offer drivers of parking availability in real
time on the roads.

These changes would not only improve the functionality
of the intelligent parking system, but would also tune in
to modern technological progress and research trends.

3. CONCLUSIONS

The Smart Car Parking System based on Arduino Uno
demonstrates an efficient, automated, and cost-effective
solution to modern parking management challenges. By
integrating components such as IR sensors, servo motors,
and an LCD display with 12C module, the system offers
a seamless process for vehicle detection, parking space
allocation, and user interaction.

The project's design ensures real-time monitoring of
parking slot availability, automated barrier gate control,

© 2025,IJSREM | www.ijsrem.com

| Page 4


http://www.ijsrem.com/

&g‘! \3;@

IJSR;@ International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 09 Issue: 01 | Jan - 2025

SJIF Rating: 8.448

ISSN: 2582-3930

and user-friendly status updates. This not only optimizes
the utilization of available parking spaces but also
minimizes human intervention, reducing operational
inefficiencies.

The system’s scalability allows it to be implemented in a
wide range of parking facilities, from small-scale lots to
large multi-level parking structures. Furthermore, it can
be enhanced with advanced features such as loT
integration, mobile app control, and payment systems,
aligning it with the requirements of smart cities.

Overall, this project provides a solid foundation for future
advancements in intelligent parking management,
promoting sustainability and convenience in urban
infrastructure.
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