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ABSTRACT

The rapid growth of electric vehicles (EVs) necessitates the
development of efficient parking systems tailored to their
unique requirements. This research presents a smart e-
vehicle parking solution using sensor-based automation to
optimize parking space utilization, reduce human effort,
and support EV infrastructure. The system leverages
ultrasonic sensors for real-time space detection and
employs a microcontroller-based design to automate gate
control and slot availability display. The proposed model
enhances urban mobility and offers a scalable approach for
future smart city integration.
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L INTRODUCTION

The global shift toward sustainable transportation hasled to
a significant rise in the adoption of electric vehicles (EVs).
With governments offering incentives and rising
environmental awareness, EVs are becoming increasingly
popular in urban areas. However, this growth presents new
challenges, especially in the domain of infrastructure-one of
the most critical being the availability of efficient and EV-
compatible parking systems.

Traditional parking systems are often manual, inefficient,
and incapable of handling the specific needs of EVs, such as
space allocation for charging stations and real-time
availability updates. These systems not only lead to
congestion and longer search times but also fail to optimize
space utilization, especially in high-traffic zones.

In contrast, smart parking systems use technologies like
sensors, microcontrollers, and automation to provide real-
time monitoring and management of parking slots. These
systems are capable of identifying vacant spots, directing
vehicles, and supporting automation through barrier control
and user notifications.

The need for an automated, sensor-based smart parking
system is particularly crucial for EVs, which often require
designated charging-enabled slots. Our proposed system
aims to solve this issue by using ultrasonic sensors to detect
available slots, a microcontroller (e.g., Arduino) for decision-
making, and display units for guiding vehicles. The system
not only reduces the effort and time taken to find a parking
space but also ensures optimal usage of available
infrastructure. It can be a key component in smart city
initiatives and support a seamless EV parking experience.

IL RELATED WORK

An Overview of Existing Smart Parking Systems

Several smart parking systems have been developed to
address growing urban traffic and parking space issues.
These systems primarily aim to reduce the time spent
searching for parking, minimize congestion, and optimize
space usage. Technologies such as RFID, mobile apps, and
CCTV are commonly used. However, most current systems
aregeneral-purpose and do not fully support the unique
needs of electric vehicles (EVs). They often lack features like
charging slot detection, slot reservation, and real-time
integration with EV infrastructure.

Current Systems and Their Drawbacks
Platform Type Features Limitations

Manual Parking Systems

Human-guided parking, ticket-based entry

Time-consuming, lacks real-time
tracking, prone to human error

Mobile App-Based Parking

Slot availability info, mobile payments

No sensor integration, doesn't
verify slot occupancy in real time

Camera-Based Smart Parking

Number plate recognition, entry control

High cost, not suitable for smaller
areas or EV-specific detection

Basic loT-Based Smart Parking

Sensors detect vehicle presence, digital display

Rarely tailored for EVs, often no
EV charger availability check

Recent Innovations in Smart Parking

Thanks to advances in IoT and embedded systems, modern smart parking solutions now offer:
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Real-time Sensor Monitoring: Ultrasonic or infrared sensors detect slot availability instantly.

IoT Integration: Devices are connected via Wi-Fi or LoRa for remote access and control.

Cloud Data Syncing: Parking data is updated live on cloud platforms, enabling users to check availability remotely.
Mobile Integration: Users can reserve slots, make payments, and view parking status via smartphone apps.
EV-Charger Mapping: Some newer systems now show the location and status of EV charging slots.
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Future Developments in EV Smart Parking Systems

1. Al-Based Slot Prediction: Predict which slots will be free soon using past data and machine learning.
2. Blockchain-Based Parking Passes: For secure, verifiable bookings.

3. Solar-Powered Charging Parking Lots: Sustainable EV charging infrastructure.

4. Automatic Billing and Exit: With integrated sensors and number plate recognition.

III. DATA AND SOURCE OF DATA

Primary Information Gathering To build a reliable and scalable E-Vehicle Parking System for small industries like malls and

hospitals, multiple sources of data were collected and integrated. The goal was to ensure the system meets real-time parking

management needs while remaining adaptable for future expansion. Primary data sources include:

1. User-Generated Data: Includes registration information, vehicle details, parking preferences, and real-time booking actions
submitted by parking users (customers, employees, etc.).

2. Admin Panel Logs: Data from system administrators regarding parking zone configurations, slot management, booking
approvals, and cancellations.

3. Entry/Exit Gate Sensors (optional IoT integration): Real-time updates on vehicle entry and exit for slot availability
calculation.

4. Feedback and Ratings: Collected post-parking feedback from users about ease of access, slot accuracy, and booking
experience.

Secondary Sources of Information

Secondary Sources of Information Additional data was collected from published studies, online articles, and official government
and industry resources to inform design and testing.

» Research Papers: Case studies on urban smart parking systems, EV slot management, and IoT-enabled parking.

» Municipal Reports: Parking utilization data from government smart city initiatives.

» Industry Articles: Web reports and trends in EV infrastructure, user behavior, and digital parking solutions.

Data Types Gathered
Data Types Gathered The collected data falls under structured and semi-structured categories for effective processing.
Data Type Description Usage in Platform
User Profiles User ID, vehicle number, contact, history Registration, login, admin monitoring
Slot Booking Logs Date/time, vehicle ID, slot ID Real-time slot allocation
Parking Slot Status | SlotID, location, occupied/vacant state Display available slots
Feedback & Ratings User feedback, complaints System improvement & user engagement
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Data Sources Are Important for Platform Development

Key Roles of Data in Platform Development:

1. Real-time Slot Monitoring: Ensures users only book available slots, improving efficiency.

2. Admin Control and Alerts: Enables administrators to manage bookings, resolve conflicts.

3. Feedback Loop: Incorporating user suggestions helps refine slot recommendations.

4. Usage Analytics: Tracks slot demand, peak hours, and booking patterns to improve service.

IV. RESEACH METHODOLOGY

A methodical approach is used in the research methodology for Pet Haven - Adopt & Reunite Safely to examine the
effectiveness of the lost pet recovery and secure pet adoption procedures. This study includes both qualitative and quantitative
research approaches to assure data accuracy, ethical adoption procedures, and user engagement.

1. Research Methodology
» Thisresearch uses a hybrid approach combining web application development methodology, user behavior analysis, and
simulation-based performance testing to validate the system.

2. Methodological Framework:
» Development-based Methodology: Full-stack development with frontend (HTML/CSS/]S) and backend (PHP or Node.js).
» Empirical Research: Observing user interactions during trial sessions.
» Experimental Testing: Performance benchmarking of slot assignment and booking flow.
1. Data Collection Techniques
User Feedback Application users Understanding pain points, usability testing
Admin Reports System administrators Managing slot allocation and cancellations
Manual Testing Logs | Development Environment | Detecting bugs and edge case scenarios
Survey Form Data Users in malls/hospitals Gathering responses on ease of use and clarity

2. Key Performance Indicators (KPIs)

Metric Before System \ After System Change (%)

Avg. Time to Park 8 mins 2 mins -75%
Slot Utilization Rate 45% 80% +35%
User Satisfaction Score N/A 90% +90%
Admin Intervention Required Frequent Rare -70%

3. Security & Ethical Considerations
User Role Authentication | Prevents unauthorized admin/system access
Session Management Ensures secure login and logout

CAPTCHA Integration Prevents bots from making mass bookings
Privacy Policy Compliance | Protects user data as per IT Act guidelines

System Testing Summary

Unit Testing: Each component (login, booking, cancel) tested in isolation.
Integration Testing: Booking process from registration to feedback.
Load Testing: Simulated 50 concurrent users to check system reliability.

Limitations and Future Scope

Limitation: Current system is not integrated with IoT sensors.

Limitation: No real-time payment gateway support in MVP version.

Future Scope: Mobile application integration, QR-code-based slot access, and smart camera detection integration for
vehicle validation.
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Upcoming Improvements:

Blockchain-Powered Pet Ownership Records: To preserve a safe and unchangeable adoption record.
» Al-Powered Matching System: Improving predictions of pet-adopter compatibility.
» Integration of Mobile Apps: Enhancing accessibility for pet owners in isolated locations.
» Collaborations with NGOs and shelters: enhancing moral adoption procedures.
\'
A

RESULT AND DISCUSSION
Observations
Observations The smart e-vehicle parking system was tested for efficiency, user feedback, and administrative convenience.
Major findings include:

System Efficiency:

Slot identification accuracy: 98% in simulation.
Average booking confirmation time: <3 seconds.
Admin dashboard update latency: less than 2 seconds
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User Feedback:
88% of users found the system intuitive and user-friendly.
Common requests included mobile app access and real-time maps.

Slot Utilization:
Previously unused slots saw up to 60% increase in occupancy.
Booking peak hours observed between 9-11 AM and 5-7 PM.

Admin Benefits:
Reduced manual work by over 50%.
Real-time alert system helped reduce slot conflicts.
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B. Conversation

Discussion The web application has proven to be effective in addressing common issues in vehicle parking, especially in small
industry setups. With structured data handling and fast processing, it drastically reduces user frustration and operational
delays. The user satisfaction rate and improved slot utilization confirm the value it brings to facility managers. Minor
limitations like lack of hardware integration are acknowledged and set for future releases.

C. Supporting Data Representations.
1. Parking Performance Metrics Table:

Metric ' Before System  After Implementation

Avg. Time to Park 8 minutes 2 minutes
Verified Bookings 1,000 2,300+
Slot Utilization Rate 45% 80%

2. Pie Chart: Parking Utilization
E-\Vehicle Parking Utilization
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3. User Engagement & Growth (Graph)
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VI

CONCLUSION

The smart E-Vehicle Parking System is a promising solution
for small industries to manage their parking spaces
efficiently. By offering real-time updates and web-based
management, the system eliminates manual effort and
reduces congestion. Its modular design allows future
upgrades such as IoT-based slot detection, payment
integration, or mobile app expansion.
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