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Abstract

It can be frustrating to park a car, particularly in crowded places such as shopping malls or movie theatres,
where there seems to be a shortage of open parking spots. This project presents an easy and intelligent
solution with the aid of IoT technology. We constructed a miniature working prototype of a smart car
parking system that assists drivers in finding vacant parking spots quickly through a mobile app. The
system utilizes infrared (IR) sensors and an Arduino microcontroller to find out which parking slots are
available, then transmits that information to a server. The application shows the available slots to the user
in real-time. This method demonstrates how technology can make people's daily lives smarter and simpler
through the ability of devices to converse with one another.
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1. Introduction

Locating an empty parking space in congested urban areas—particularly rush hours at shopping malls,
theatres, and hotels—has become a universal problem for motorists [1]. This usually leads to wasteful
traffic jams, extra fuel consumption, and driver annoyance [2-3]. To address this issue, we are unveiling
a Smart Car Parking System based on 10T (Internet of Things) technology, allowing for a more efficient,
convenient, and smart parking experience using an Android mobile app. The central concept of 10T is
based on a system of
interconnected smart sensors and devices that gather and share information. If this principle is applied to
parking management, it becomes possible to track space usage in real time with little intervention from
humans .

Our solution is based on the model discussed by Geng and Cassandras, in which optimal reservation
and allocation of parking spots enhance system efficiency. In our implementation, IR sensors are
employed to sense vehicle presence, as with sensor-based methods investigated in previous studies [4].
The sensors report status messages (occupied or free) to a central server via MQTT (Message Queuing
Telemetry Transport), a publish-subscribe protocol with low overhead and suitability for 10T applications
[6].

The model of communication provides scalable, low-latency data exchange between devices without
direct connections between them [6]. Furthermore, users can remotely view space availability and book
slots through the mobile application, saving time searching for parking and contributing to less traffic
congestion [8]. This methodology reflects the smart reservation and allocation systems enabled by ZigBee
and DSRC-based technologies, which have been tested in previous parking guidance studies [5][7]. For
simulation and testing, Arena and similar tools have previously been used to test system behavior and
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forecast traffic flow under different conditions [9][10]. Building on these findings and combining them
with current 1oT and mobile technologies, our intelligent parking system seeks to improve mobility in
cities and generally provide a better experience for drivers in their interactions with parking spaces.

The rapid urbanization and increasing number of vehicles have led to significant challenges in parking
management. Traditional parking systems often result in congestion, time wastage, and inefficient space
utilization. An loT-based smart car parking system aims to address these issues by providing real-time
monitoring, automation, and efficient space management. Recent studies have introduced innovative
architectures to enhance the functionality of smart parking systems. A notable approach integrates infrared
(IR) sensors, DHT22 sensors for temperature and humidity measurement, MQ-2 gas sensors for detecting
hazardous gases, and servo motors for gate automation. The system utilizes the MQTT protocol to provide
real-time updates through a mobile application, displaying parking availability and environmental
conditions on an OLED screen. This integration optimizes parking space utilization and enhances user
experience by providing automated, real-time updates.

Another advancement involves the deployment of edge artificial intelligence (Al) for parking
surveillance. By processing data locally on 10T devices, the system reduces latency and bandwidth usage.
The enhanced single-shot multi-box detector (SSD) algorithm is implemented to detect parking space
occupancy with high accuracy. Field tests have demonstrated over 95% detection accuracy in real-world
scenarios, highlighting the effectiveness of edge Al in smart parking systems. loT-based smart car parking
systems represent a significant advancement in urban mobility management. By leveraging sensor
technologies, communication protocols, and data analytics, these systems can optimize parking space
utilization, reduce congestion, and enhance user experience. However, addressing challenges related to
data privacy, scalability, and interoperability is crucial for the successful implementation and adoption of
these systems. Continued research and development in this field are essential to create efficient, secure,
and scalable solutions for urban parking management.

2. Literature Survey

The problem of urban congestion and inefficient parking has pushed researchers and developers to explore
smarter ways to handle vehicle parking. Early work by Geng and Cassandras [1][2][3] proposed a smart
parking system based on optimal resource allocation and reservation mechanisms, introducing a system
where drivers could reserve parking spots in advance, reducing the time spent searching for spaces and
enhancing overall parking efficiency.

In another approach, Mainetti et al. [4] introduced the integration of RFID and Wireless Sensor Networks
(WSNSs) into smart parking infrastructures. Their system enabled the real-time tracking of vehicles and
improved accuracy in determining parking spot occupancy, which plays a vital role in reducing human
effort in parking management.

Hsu and his team [5] worked on a smart guiding system using DSRC (Dedicated Short-Range
Communication) to help drivers locate available parking spots. This method enabled communication
between the vehicle and roadside units, improving the efficiency of space searching in crowded city areas.
Barone et al. [6] designed an architectural model tailored for smart cities, focusing on scalable and efficient
parking space management. Their model emphasized integrating various sensors and communication
technologies to ensure streamlined operations and better urban mobility. The use of ZigBee technology in
intelligent parking reservation systems was explored by Shiyao et al. [7], who implemented a solution
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enabling drivers to reserve spots remotely. This wireless communication method ensured energy-efficient
and low-latency data transfer, which is well-suited for loT-based systems.

Bonde et al. [8] brought in automation by developing a car parking system controllable via an Android
application. Their design highlighted how mobile-based applications could interface with embedded
systems to handle operations like gate control, slot availability monitoring, and real-time status updates.
In terms of simulation and validation, Hammann and Markovitch [9], along with Kelton et al. [10],
demonstrated how simulation software like Arena could be used to model, analyze, and validate the
behavior of smart parking systems before their physical deployment. Simulation helped in identifying
flaws and optimizing the system design for real-world applications. Altogether, these studies contributed
significant building blocks—ranging from communication technologies and embedded systems to user-
centric interfaces and scalable system architectures—that laid the foundation for today’s IoT-enabled
smart parking solutions. By leveraging real-time monitoring, mobile access, and intelligent automation,
these systems provide quicker, more convenient, and smarter parking experiences [1][4][6][8].

The Smart Car Parking System offers a solution to the problem of finding available parking spaces in
crowded urban areas, which leads to unnecessary traffic congestion, time wastage, fuel consumption, and
driver frustration. Traditional parking methods lack real-time monitoring and guidance, forcing drivers to
circle around lots or streets in search of open spaces. This system solves that problem by using loT-enabled
sensors and mobile technology to detect and display real-time availability of parking slots. Drivers can
view open spots through a mobile app before arriving at a parking area, allowing them to navigate directly
to a vacant space. The system also reduces the dependency on human parking attendants, making parking
management smarter, more automated, and efficient.

3. PROPOSED SMART PARKING SYSTEM

To solve the parking problem effectively, our Smart Parking System will use a combination of hardware
and software components. The main goal is to detect the availability of parking spaces in real time and
display that information dousers through a mobile app or display screen. Below is a step-by-step
explanation of how our system will work:

16x2 LCD (12C)
HC-SR04
Entry Sensor
ARDUINO SG90 Servo
UNO Motor
HC-SR04
Exit Sensor
Electrolytic
Capacitor

Fig.1. Architectural Diagram of Smart Car Parking System
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e HC-SR04 Entry Sensor: The ultrasonic sensor (HC-SR04) placed at the entrance detects when a
car arrives. It sends distance signals to the Arduino UNO to begin entry processes like gate control
and slot update.

e HC-SR04 Exit Sensor: This sensor monitors vehicles exiting the parking space. When triggered,
it sends a signal to the Arduino UNO to update available parking slots and manage gate actions
accordingly.

e Arduino UNO: The Arduino UNO microcontroller is the system's brain. It receives input from
sensors, processes data, and controls output devices like the servo motor, LCD display, and
capacitor circuit for smooth operations.

e 16x2 LCD (12C): The 12C LCD module shows real-time updates of available or occupied parking
slots. It helps users visually confirm space availability before entering the lot, enhancing user
convenience and system transparency.

e SG90 Servo Motor: The SG90 servo motor acts as the gate controller. Based on sensor inputs and
slot availability, it opens or closes the gate to allow or restrict vehicle entry and exit.

e Electrolytic Capacitor: Used to smoothen power supply fluctuations, the electrolytic capacitor
ensures the servo motor receives a stable current, preventing malfunction or jerky gate movements,
especially when multiple components draw power simultaneously.

3.1 Implementations of Smart Parking System : The two types of implementations that are used are as
follows:

3.2.1. Hardware Implementation

v Step 1: Setting Up Arduino and Ethernet Shield: In step 1, we establish a connection between
the Arduino Uno (the microcontroller) with the Ethernet shield. The Ethernet shield is necessary
as it enables the Arduino to make connections to the web application and the mobile app. This
facilitates the transmission of data and updates to the users in real time.

v Step 2: Hardware Architecture and Sensor Integration: The hardware structure of the system
(as in the figure) consists of IR sensors that are utilized to check for the existence of cars in parking
spaces. The sensors are interfaced to the Arduino Uno via the Ethernet shield, and the shield
forwards the data to the server

3.2.2. Software Implementation

v’ Step 1: Creating the Android Application: The initial step in the software implementation is to
design an Android application with the help of the lonic framework. lonic is a framework
employed in the development of mobile applications, and it provides us with the ability to create a
cross-platform application for Android and i0S. After the creation of the app, the user will open
the Smart Car Parking app.

v’ Step 2: Dashboard and User Interface: Once the app is opened, the Dashboard window will be
displayed to the user. This is where they can see the status of parking spaces in real time. The app
presents a straightforward and easy-to-read layout indicating whether parking spots are available
or not. The output shown on the app reflects the status of each parking slot. If the spot is vacant,
then it will be displayed as available; if it is taken, then it will be displayed as busy. This makes it
easy for users to spot an available parking space.
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3.2 Components of Smart Parking System: The system works by connecting a few key components
that talk to each other to help users find free parking spots using a mobile app. Here's how everything
fits together:

v IR Sensors: These sensors are installed in every parking space to verify whether a car is present.
Detect whether a vehicle is present in a parking spot by sensing reflected infrared light. If a car is
present, the IR beam is interrupted, signaling that the slot is occupied.

HC-SR04 Sensor

l

SG90 Servo Motor

l

Electrolytic Capacitor

l

LCD (12C)

l

Arduino UNO

Fig.2. Components of smart car parking system

v Arduino UNO: The Arduino receives the signals from the IR sensors. It processes this information
and gets it ready to send to the internet. Think of it like the main control center that decides what
to do with the sensor data.

v Ethernet Shield: This device is attached to the Arduino and allows it to connect to the internet
using a cable. It sends the sensor data online so users can see it in real-time.

v Server with MQTT: The server is like a mailman. It accepts information from the Arduino and
distributes it to the phone app. MQTT is a special system (protocol) used here

v Android App: The mobile app shows users which parking spots are free or taken.

The proposed work aims to improve the convenience, efficiency, and sustainability of urban parking
systems by leveraging loT technology. It also seeks to demonstrate practical implementation, promote
technological literacy, enable future expansion, and support better administrative decision-making. By
addressing the everyday challenges of urban parking, this system provides a small but vital contribution
to the broader vision of intelligent transportation systems and smart cities of the future. To align with the
long-term vision of smart cities, the system architecture is designed to accommodate additional advanced
features, such as:

v Al-based predictive analytics to forecast slot availability based on historical data and usage
patterns.
v" License Plate Recognition (LPR) for automated entry/exit and enhanced security.
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Integration with digital wallets and UPI for seamless payment processing.

Smart traffic light coordination to redirect vehicles based on parking congestion levels.
Solar-powered sensor nodes for sustainable deployment

Voice-command integration for accessibility.

3.3 Architecture Diagram for Smart Car Parking System using 10T

The proposed system begins by setting up the necessary hardware and installing sensors in each parking
slot. These sensors are then connected to an Arduino, which acts as the system’s brain. The sensor data is
sent to the cloud so it can be accessed remotely. When a user opens the app and requests parking info, the
system shows available slots in real time. Users can even book a spot if needed. Finally, the system
evaluates its performance, ensuring everything runs smoothly and accurately.

This human-friendly process saves time, reduces stress, and helps people find parking effortlessly
using smart technology. The Smart Car Parking System begins by setting up essential hardware like
Arduino and sensors. These sensors are installed in individual parking slots to detect whether a vehicle is
present. Once connected to the Arduino, real-time occupancy data is transmitted to the cloud. Users can
access this data through a mobile app, which displays available parking slots instantly. The system also
allows users to reserve a slot, reducing time spent searching. Throughout the process, system performance
is evaluated to ensure accuracy, speed, and a seamless user experience. This efficient, tech-driven solution
makes parking smarter, faster, and hassle-free for everyone involved.

Imitialize Hardware Setup

I

Install Sensors

1

Connect Sensor: To Ardumno

|

Transmut & Store Data To Cloud

|

Uszer Request Info On App

]

Display Avalsble Slots

4

Book Slot

$

Evaluzte Performance

Fig.3. Structured Diagram of Smart Car Parking System
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3.4 Algorithm: Smart Car Parking System using 10T.

e Input

e Start the system.

e All hardware components such as Arduino, sensors, and connectivity modules are set up and
powered.

e IR or ultrasonic sensors are placed in each parking spot to detect whether the spot is vacant or
occupied.

e Sensors are interfaced with the Arduino microcontroller to read their outputs (car present or not).

e The Arduino sends sensor data to a cloud server using Wi-Fi/MQTT. The data reflects the status
(occupied/vacant) of each slot and is stored for access.

e A user opens the Android application and requests live updates about parking slot availability.

e The app fetches and displays current parking status showing free (green) or occupied (red) slots to
the user.

o |f the feature is available, the user can select and book a parking slot through the app.

e Evaluate the system's performance (accuracy, response time, user experience).

e Concludes the process either after a user parks or exits the application.

e End the process.

Output: The Smart Car Parking System detects vacant slots using sensors, updates availability on the
cloud, and displays real-time info via a mobile app, allowing users to book slots efficiently.

3.PERFORMANCE METRICS

The traditional parking management systems that rely on human monitoring or ticketing, the proposed
loT-based system proved to be more accurate, responsive, and scalable. Manual systems often suffer from
human error and delayed data entry, whereas this system updates data in real-time with minimal
intervention. In comparison to similar 10T-based solutions using Bluetooth or RFID, our system offered
superior real-time visibility and lower operational complexity. However, Bluetooth-based systems may
have advantages in terms of vehicle identification and user authentication, which can be considered in
future improvements.

Proposed Smart
Metric Existing System | Parking System (CV-
Based)
Total Parking 2095 35
Spaces
Detection Accuracy | 85% 95%
False Positives 6 per 100 frames | 2 per 100 frames
False Negatives 8 per 100 frames | 3 per 100 frames
/_?_\ivril(;age Processing 100 ms/frame 40 ms/frame

Table 1: Comparison Table
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v Total Parking Spaces: The current system can accommodate only 20-25 parking spots, which
makes it non-scalable. In contrast, our smart system suggested doubling this to 35 spots, showing

improved space optimization and capacity, which is more appropriate for busy locations with
increasing vehicle usage.

Total Parking Spaces: Existing vs Proposed System

35 slots

&

Total Parking Spaces
NN
- 8

-
=

n

0 Existing System Propased System

Fig 4: Total Parking Space Metrics
v Detection Accuracy: The existing system has a rate of 85% accuracy, which could sometimes
result in misreads. The CV-based system proposed has increased accuracy to 95%, providing
more accurate and consistent vehicle detection, improving user confidence , and operational
efficiency.

0 Detection Accuracy Comparison: Existing vs Proposed System
95%

85%
80

60

40

Detection Accuracy (%)

20

0

Existing System

Fig 5: Accuracy Metrics
v’ False Positives: In the current system, 6 of every 100 frames get falsely detected as occupied when
they're actually free. The new system lowers this to only 2 false positives for every 100 frames,
reducing confusion and enhancing slot availability accuracy.

False Positives: Existing vs Proposed System
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Existing Systemn Proposed System

Fig 6: False Positives Metrics
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v False Negatives: The number of false negatives (missed detections) is greater in the existing
system, with 8 missed for every 100 frames. The CV-based system reduces it significantly to
3 per 100 frames, so that fewer empty slots are not detected.

v Average Processing Time: The existing system processes each frame in 100 milliseconds, which
may result in delays. The proposed system cuts this to just 40 milliseconds per frame, enabling
quicker real-time updates and a smoother user experience for parking detection.

False Negatives Comparison {per 100 frames)
e

8 per 100 frames
8

7

)

er 100 frame:
w - w @

False Negatives (pi

~

Existing System Praposed Smart Parking System

Fig 7: False Negatives Metrics

Average Processing Time: Existing vs Proposed System

100 ms

cessing Time (ms/frame)

& Pros

Fig 8: Average Processing Time Metric

4. RESULTS & DISCUSSION

The new Smart Parking System far surpasses the current system based on critical performance metrics.
While the existing model supported only 20-25 slots, the new model handles 35 slots efficiently. Accuracy
of detection rose from 85% to 95%, and false negatives and positives were brought down to 2 and 3 per
100 frames, respectively. Moreover, average processing time was reduced from 100 ms/frame to merely
40 ms/frame, allowing for quicker real-time updates. These enhancements reflect a more scalable, reliable,
and responsive system, guaranteeing a better user experience, reduced error rates, and higher applicability
to smart city use cases than the previous implementation.

The new loT-based Smart Parking System improves upon the previous one in terms of performance,
precision, and user experience. The new system handles more parking spaces (35 as against 20-25), has
quicker response times (2—3 seconds), and has increased detection accuracy (96-98%). The system uses
IR sensors and an Arduino UNO to detect vehicle presence and pushes real-time status to a mobile app
via the efficient MQTT protocol. The enhanced system minimizes false readings and network congestion,
even in the case of multiple slot updates. The intuitive design of the app enables users to find available
slots quicker, reducing idle time, vehicle emissions, and frustration. By reducing manual search efforts
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and directing users to free spaces, the system ensures smoother traffic flow and less congestion. Its
consistent performance across diverse conditions and the possibility of future development, such as
automated payment and wireless connectivity, make it a scalable and effective solution, driving smarter,
more sustainable urban life.

5. Conclusion

This project effectively created a Smart Parking System with sensors, microcontrollers, and cloud
integration that detects and indicates real-time slot availability through a mobile app. The system attained
96-98% accuracy in testing, providing fast updates and ease of use. It minimizes traffic, conserves fuel,
and enhances parking efficiency. This improved model differs from earlier systems with faster processing,
enhanced detection accuracy, and fewer false readings. It also facilitates future upgrades such as Al
forecasting, license plate detection, and solar-powered devices, making it an even more advanced,
scalable, and sustainable smart city solution for places like malls, hospitals, and apartment complexes.

The smart parking system is a promising step towards building smarter and more sustainable cities.
Future upgrades such as online slot booking, automated payments, recognition of sightseeing marks, and
Al-based predictions can significantly improve the comfort, flow of operation, and energy efficiency.
Units and integration of solar-powered systems with intelligent transport systems will further increase
their impact. The aim is more than just a technological solution to turn everyday parking into a smooth,
intelligent experience. When loT and urban infrastructure develop, this system plays a key role in shaping
efficient cities based on data that meets the growing requirements of modern life.
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