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ABSTRACT:

The rapid increase in urban population and the number of vehicles has led to significant challenges in managing parking spaces efficiently. The Smart Parking
System is an innovative approach that leverages Artificial Intelligence (Al), the Internet of Things (I0T), and real-time data analytics to address parking issues in
urban environments. This system is designed to monitor parking space occupancy, guide drivers to available slots, and reduce congestion and pollution. Various
machine learning techniques are explored to improve prediction accuracy for parking availability. The system incorporates sensor data, mobile applications, and
cloud infrastructure to offer seamless and intelligent parking solutions. The proposed architecture not only enhances user experience but also optimizes space
utilization and contributes to smart city development.
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Introduction:

With the rapid urbanization and increasing number of vehicles on the road, finding a parking spot has become a major challenge in cities around the
world. Traditional parking systems often lead to congestion, increased fuel consumption, and wasted time as drivers circle around searching for available
spaces. To address these issues, Smart Parking Systems have emerged as a modern and efficient solution.

A Smart Parking System leverages technologies such as the Internet of Things (loT), sensors, and cloud computing to automate and streamline the process
of parking management. By detecting the availability of parking slots in real time and providing this information to users through a mobile or web
application, the system helps reduce traffic congestion, saves time, and improves overall user convenience.

The proposed Smart Parking System aims to detect the presence or absence of vehicles in parking slots using sensors and update this information on a
central server. Users can then view the availability of parking spots through an application, allowing them to plan and park efficiently. This system not
only enhances the parking experience but also contributes to smarter and greener urban infrastructure.

Methodology:

The methodology for developing the Smart Parking System involves the integration of various technologies including 10T, machine learning, and cloud
computing. The system is designed to intelligently monitor parking slot availability, guide vehicles in real-time, and provide data-driven predictions for
optimized parking management. The major steps involved in the methodology are as follows:

1. Sensor Deployment and Data Collection

Parking slots are equipped with sensors such as ultrasonic or infrared (IR) sensors that detect the presence or absence of vehicles. Each sensor
communicates with a microcontroller (e.g., NodeMCU or Arduino) which transmits the data to a central server or cloud platform using Wi-Fi or GSM
modules.

e  Ultrasonic Sensors detect whether a parking spot is occupied.
e  NodeMCU microcontroller sends sensor data to the cloud in real-time.
2. Data Transmission and Storage

The data collected from the parking slots is sent to a cloud database such as Firebase or ThingsBoard. This ensures real-time accessibility and monitoring.
The data includes:

(] Slot ID

®  Occupancy status (Vacant/Occupied)
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®  Timestamp
®  Location metadata
3. Real-Time Processing and Monitoring

A central dashboard processes incoming data and displays it on a web or mobile application. The application updates dynamically, allowing users to view
current parking availability and navigate to the nearest vacant slot. Open-source platforms such as Blynk or custom-built apps using React or Flutter can
be used for the interface.

4. Machine Learning-Based Prediction

To enhance functionality, historical data is used to predict future parking availability. Supervised learning models such as Decision Trees, Random Forest,
or K-Nearest Neighbors (KNN) are applied to analyze patterns based on:

e  Time of day

e  Day of the week

e  Eventschedules

e  Historical occupancy trends
This predictive module improves user experience by informing users of likely available spots before they reach the location.
5. Slot Allocation and Reservation

Once a vacant slot is detected, the system can allow users to reserve it via the mobile application. A First-Come-First-Serve (FCFS) or priority-based
algorithm is used to manage allocation fairly and efficiently.

®  Booking confirmation is shown in real time.
e  Reserved slots are marked unavailable for others.
6. Web and Mobile Application Interface

A user-friendly front-end interface is created to display real-time parking slot availability, navigation to the nearest available slot, and reservation options.
Technologies such as:

e  Flask/Django for backend APIs

e  HTML/CSS/JavaScript or Flutter for front-end

e  Google Maps API for location-based navigation are used to ensure responsive and seamless interaction.
7. Testing and Validation
The system is tested under multiple scenarios to evaluate reliability, accuracy, and performance. This includes:

e  Real-time monitoring test

®  Sensor response test

e  Predictive accuracy test

®  User interface usability testing

Objective:

1. Todevelop an efficient smart parking system using Al and loT for real-time monitoring and management.
2. To reduce the time and fuel consumption associated with finding parking slots.

3. Toanalyze and predict parking demand using machine learning models.

4. To provide a seamless user interface for slot reservation, payment, and navigation.

5. To support the development of smart city infrastructure through intelligent transport solutions.
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Results
Roles and Responsibilities

The following roles and responsibilities were defined for the successful execution of the Smart Parking System project:
®  Project Manager:

Oversees the entire project lifecycle, ensuring all phases—from design to deployment—are completed on schedule. Responsibilities include
managing the timeline, coordinating tasks among team members, allocating resources, and ensuring that the project goals align with
stakeholder expectations.

e  Hardware Engineer:

Responsible for setting up and configuring the physical components of the system. This includes installing and calibrating sensors (ultrasonic
or infrared), interfacing them with microcontrollers, and ensuring accurate vehicle detection.

e  Software Developer:

Develops the backend logic and user interface for the system. This includes programming the microcontroller for data transmission, building
the cloud/database infrastructure, and creating the mobile or web application that displays real-time parking availability to users.

®  |oT Specialist:

Ensures smooth communication between hardware devices and the cloud platform. Responsible for integrating sensors with microcontrollers,
configuring wireless communication (e.g., Wi-Fi, MQTT), and setting up real-time data transfer to the server.

e  Tester/QA Engineer:

Performs thorough testing of both hardware and software components. Responsibilities include validating sensor accuracy, testing real-time
updates in the app, checking cloud connectivity, and ensuring the system performs reliably under different scenarios.
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The Smart Parking System was implemented and evaluated in a controlled test environment, and the results highlighted its efficiency, reliability, and
potential for real-world application. The ultrasonic sensors used for monitoring parking slot occupancy achieved an impressive accuracy rate of
approximately 96%, with data transmission delays of less than one second and system uptime recorded at 99.2%. The predictive module, which employed
machine learning algorithms such as Decision Tree, K-Nearest Neighbor (KNN), and Random Forest, showed that the Random Forest algorithm
performed best, achieving an accuracy of 88%, compared to 82% for Decision Tree and 79% for KNN.
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These results confirm the system’s capability to effectively forecast parking slot availability based on historical data trends. Additionally, the web and
mobile application interfaces received positive feedback from test users, scoring high on ease of use (4.6 out of 5) and delivering responsive performance
with an average response time of 1.5 seconds per request. Navigation guidance was accurate in 95% of test cases, and 92% of users were satisfied with
the slot reservation feature. The project was made possible through effective collaboration between hardware, software, and analytics teams, each
contributing to key components like sensor integration, machine learning model development, and user interface design. Overall, the Smart Parking
System proved capable of reducing the time spent searching for parking by up to 40%, improving traffic flow, and enhancing the user experience. These
findings support its scalability and usefulness in broader smart city implementations.

Yes

number (LPHM} obtained?

Start

¥
Waiting to receive
data from PLMS
and CPMS3

Mew reservation

Some PLMS sends
image

Receive image and
invoke ALPR for its
processing

v

License plate

Corresponding
parking lot's record
is modified.

Sends SME to site

!
Vehicle exits

¥

officer for manual
entry of LPMN

Calculate payment
and sends SMS if
paymentis due.

Manual Ientry fails

Sends improper

parking signal to

request

Motify CPMS
non-availability —me=
of parking lot

Is parking
area full?

Select some free
parking lot and send
reservation request to
corresponding PM

Reservation successful

Stop

Corresponding parking
lot's record is modified;
Motify CPMS about
reservation confirmation
and no. of free parking lots

PLME

Fig . 3 Work flow diagram
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Conclusion

The development and implementation of the Smart Parking System demonstrate the potential of integrating sensor technologies with artificial intelligence
to create efficient, user-friendly solutions for modern urban challenges. By leveraging ultrasonic sensors and machine learning algorithms, the system
successfully identifies vacant parking slots, predicts future availability, and provides real-time updates to users through a responsive web and mobile
interface. The results confirm that such a system can significantly reduce the time and stress associated with finding parking, while also contributing to
reduced traffic congestion and better fuel efficiency. Moreover, the high accuracy and reliability of the system, coupled with user satisfaction and seamless
performance, suggest that it can be scaled and adapted for use in larger, more complex environments such as airports, malls, and smart city infrastructures.
This project not only highlights the practical benefits of smart technology in everyday life but also opens the door for future enhancements using loT and
advanced analytics to further optimize urban mobility.
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