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Abstract— The Arduino-based Smart Parking
System offers an innovative concept of the real-time
management of parking slots through continuous
observation of slot occupancy. Each individual
parking slot is monitored using a PIR sensor, with
the input from the sensors evaluated by the Arduino
microcontroller as to whether the slots are occupied
or unoccupied, this information then being displayed
for easy access on an LCD screen. It also operates an
automatic gate mechanism, which acts automatically
if the parking space has been left behind and closes
automatically if the parking lot is full. The overall
process aims at reducing parking-related traffic and
decreasing the time spent by the users in finding
vacant spaces by providing the users with accurate
real-time information. It makes the system
efficiently utilize space and increases the
convenience of users, which makes it well-suited for
use in office structures, retail centers, and urban
parking infrastructures. It exhibits an efficient and
cost-effective way to deploy a smart parking solution
by using Arduino technology and sensors and basic
electronic components.

Keywords— Internet of Things (IoT), Smart
Parking, Arduino, PIR Sensors, Automated
Gate, Real-Time Monitoring.

I. Introduction

It is associated with the rising rate of vehicles in the
cities, which forms part of the global urbanization
pattern. This has brought about several problems
associated with parking in general. The increased
demand for parking spaces often outmatches the
conventional parking systems, creating inefficiency
and frustration among users in search of space, losing
invaluable time in the process. Further, the lack of
online monitoring in these systems results in the
common problem of left idle parking spaces. This
process may be streamlined and made efficient with
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the intelligent parking solution that IoT

development has ensured.

It, based on the Internet of Things, gives live
updates regarding parking lot vacancies through
sensors, microcontrollers, and communication
technologies

that automatically operate gates and monitor parking

lots in real-time. This technology ensures
better utilization of space, reduces traffic, and
enhances customer satisfaction. It is
composed of

relatively easy-to-deploy hardware
components, including Arduino boards,
ultrasonic or infrared sensors, and motor
drivers, to give a cost-effective yet effective
solution for urban settings.

The proposed system is to be designed to
work autonomously in determining and
displaying the status of parking spaces while
adjusting the entrance gate accordingly. This
paper emphasizes the system's role in
enhancing parking management efficacy by
discussing its design, implementation, and
operational processes. Besides automatic
parking space detection, the technology
updates the user on real-time occurrences
about their surroundings and enables
informed  decision-making in  parking
facilities. It has used low-cost sensors and
controllers to make the system work in a way
that it will be financially viable for
application in a variety of environments such
as commercial parking lots, residential
complexes, and intelligent urban
infrastructures.
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1) The smart parking system seeks to control the
availability of parking slots by detecting which
Testing Functionality
a) Verify the sensor's accuracy in detecting

both filled and empty slots.
b) Test the system under different distances to
ensure reliable data transfer.

2) Testing System Performance
a) For real-time updates, test reaction time.

b) Evaluate the user-friendliness of the
application.

3) Testing Scalability
¢ To ensure scalability when using larger parking

spaces, test the system under different load.

4) Maintenance
e Keep on checking the sensor performance and

replacing faulty parts.

vehicles are parked in each specific area. The
system is able to determine whether the parking
slots are occupied or not and can indicate the
status on an LCD display by utilizing an Arduino,
proximity sensors, and a motorized gate. This
technology therefore makes it possible to
automate parking by directing the vehicle to any
available parking slot and also locks the entrance
when the slots are all occupied

1I. Related Work

Previous research works presented the core elements
of automatic parking systems by using wire networks
and sensor-based architecture. Developing from that
insight, the proposed intelligent parking system in
this work advances

it with the inclusion of Internet of Things-enabled
sensors like infrared and ultrasonic sensors, which

will be helpful in tracking occupancy in real time

and to sense the presence of vehicles in the parking.
Another similar kind of smart parking framework

also

can be developed on the top of IoT-based cloud-based,
virtual, and wireless systems. Our proposed solution
that's Arduino-based comes with the integration of real-
time parking slot recognition, along with central cloud
monitoring. Much simpler yet effective in approach is
adopted. Transference of information is taken as sure
and encrypted form, either through wireless protocol of
MQTT or HTTP regarding the transfer of data. The
scalability and cost-effectiveness of loT-based systems
have been well represented in the recent reviews. Some
importance has been drawn regarding automation of slot
monitoring and updating occupancy.
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Intelligent parking systems have shown relative
cost-effectiveness in implementation, ease of
scalability for diverse dimensions of parking
facilities, and effectiveness in reducing urban traffic
congestion, especially with the rising demand for
smart city infrastructure. In order to ensure a
seamless experience in parking management, our
proposal incorporates cloud platforms and Arduino
microcontrollers ~ within an  accessible and
sustainable Internet of Things framework. Our
approach shows how real-time data processing and
sensor integration may optimize parking solutions
efficiently using the summary of current IoT
architectures.

IIIL. Methodology

There were several critical steps to the process of
using an Arduino microcontroller to build an
automated parking system. For instance, the
Arduino Uno was connected to the computer, and
the connections made to the servo motor, object
counter, IR sensor, and ultrasonic sensor followed
the manufacturer's instructions. All the electronic
components, which include the Arduino UNO, servo
motor, PIR sensor, and ultrasonic sensor, were very
carefully connected in order to avoid any damage or
malfunction.

A. System Design

Architecture Design Develop a system
architecture of three major parts:

1) Sensing Layer: Utilize Internet of Things-
capable sensors such as infrared and
ultrasonic to determine parking
availability.

2) Network Layer: Support Wi-Fi,
LoRa, or Zigbee connectivity
between sensors, controllers, and
cloud servers.

3) Application Layer: Offer user
interface real-time monitoring.

B. Hardware Components

Microcontroller for wireless computation
and communication.
1) Sensors-Ultrasonic or PIR sensor to
detect vehicle availability.

3) Modems-LoRa, Wi-Fi to transfer
information Power Source-Panel that
charges using solar energy. Hence, it is
renewable as it does not deplete a
source.

C. Software Components

Program microcontrollers with Arduino
software by called embedded programming.
1) Cloud Server-ThingSpeak, Google
Firebase, or AWS as a server for the
execution and storage of computations.
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E. Implementation
1) Sensor Deployment

a) Place infrared or ultrasonic sensors in parking
spaces and inspect for the existence of a car.

b) Connect sensors to a microcontroller so that
can process and send data over the network.

2) Data Transfer
a) Transfer data from the microcontroller to the
cloud server using the MQTT or HTTP
protocols.
b) Using encryption techniques, ensure safe
communication.
3) Cloud Interconnections
a) To retrieve real-time information, store this
information on the cloud concerning the
sensor data.
b) Use data analytics to process and predict past
data.
Verification and Testing
Iv. Software Model
According  to the software architecture

is an important component in the [oT-

based smart parking system that allows easier int
egration and functionality of hardware componen ts.
The system utilizes cloud services, data

connection protocols, and embedded programming
to enable efficient management of parking and
timely updates.

1) Programming for embedded systems:

a) Platform: The microcontroller is programmed
using the Arduino Integrated Development
Environment (IDE)..

Programming Language: C/C++, that is the
industry standard for Arduino programming,

will be used to create the system.

Modules  with  functions:Sensor ~ Data
Acquisition: In this module, input signals from
PIR and ultrasonic sensors are read by code.
Gate Control Logic: This module applies
algorithms to open or close the gate in relation to
the availability of parking spaces.

LCD Display Updates: This will configure the
system to update parking status on the screen
in real time.

b)

¢)

d)

2) Communication Protocols

MQTT (Message Queuing Telemetry
Transport) is an application protocol that
ensures efficient transfer of data from sensors
to microcontrollers and the cloud.

uses the least amount of bandwidth, while at the
same time ensuring real-time update.
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b) HTTP (HyperText Transfer Protocol):

this is another method of replacing other
communication protocols of transferring
data within a network

Suitable for cloud-based data retrieving and
storing.

3) Integration with the Cloud

4)

5)

6)

7)

8)

a) Cloud Platform: The system supports
platforms such as ThingSpeak, AWS, or
Google Firebase for storing and analysing
data.

Real-time Data Storage: The sensor data is
routinely sent to the cloud for analytics and remote
access.Data Analytics: Cloud services provide
instruments for analyzing past data, such as patterns
in slot occupancy or periods of high utilization.

Functional Flow:

Initialization: The microcontroller initializes all the
linked sensors, LCD screen, and the
communication module.

Data Collection: Sensors send information to
the microcontroller regarding the presence or
absence of vehicles.

a)

b)

Processing and Decision-making:

The microcontroller evaluates the information to
determine the availability of slots and updates the
LCD screen accordingly.

The occupancy state determines how the gate
logic is handled.

Data Transmission:

The real-time parking status is transmitted to the
cloud using MQTT or HTTP for future analytics
and record-keeping.

Display and Updates:

The LCD refreshes to show the latest parking
statuses, such as "Slot 3 Available".

Error Handling

Sensor Failure: The software is fault-tolerant
with features that can detect anomalous data
patterns and shift to auxiliary sensors.
Network Failure: Local storage acts as a buffer
that ensures continued operation during
network failures.

a)

b)
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7. Check the Gate Conditions:

9) Scalability
« If all slots are occupied, close the gate and

a) Modular Code Structure: Without major indicate "Fully Occupied"
redesign, the software is designed to
accommodate additional parking spaces or « If no slots are available, keep the gate open
hardware upgrades without significant redesign.
b)  Support for Forthcoming Features: Integration 8. Update the LCD display with the status of
with Al-driven technologies in support of the parking slots as of now
advanced user interface features such as voice 9. In order to track slot updates, run in a loop.
command or kiosk, predictive 10. The process ends when the system is shut off.
analytics £
10) Testing Framework ;c-.“;_—‘.::“:lj

a) Simulation Tools: The behaviour of the system _ .
is simulated and virtually tested before e a
deployment using Proteus software. = e

b) Debugging: The Arduino IDE provides a serial e
monitor in order to debug faults as well as real-
time outpu

Analyse the sensors: Validate the
data from each of the PIR sensors
attached to a parking space.

4. For every parking space: When the
sensor detects a vehicle, the slot
status is updated as "Occupied" (X).

5. If all slots are occupied, close the gate.

TR T

e

« If not, update the slot state to "Empty"
(0).

Leave the gate open so cars can come in.
Fig3. Characteristics of time and no. of
occupied slots
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Algorithm
1. Start
Initialize all components:
e LCD . . .
e Sensors (PIR1, PIR2, PIR3, PIR4, etc.) LI FT I T TR,

e  Gate control

3. Display the message "System Ready" on the
LCD
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V. Conclusion
The Internet of Things-based smart parking system
has well addressed the challenges associated with
urban parking by providing a real-time, automated
parking space management solution. An Arduino
microcontroller in conjunction with PIR and ultrasonic
sensors efficiently identifies and tracks parking  slot
availability. Improved functionality is added by an
automatic gate system allowing smooth regulation of
vehicle entry and exit based on parking availability.

This system provides an easily scalable and effective
parking management solution appropriate for various
settings, such as office buildings, shopping

centers, and infrastructures in urban cities, by using
inexpensive hardware and Internet of Things
technologies. The LCD display provides straightforwa
rd

communication, so all users have access to parking sta
tuses without any additional mobile applications.

This reduces traffic congestion and promotes a
sustainable urban ecology by cutting down on the
time spent looking for parking spots and making

the most use of available space. If properly
maintained and scalable, this appr oach can be a
major step toward smarter city development.
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