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ABSTRACT

Parking slot management has become increasingly critical with the growing number of vehicles in urban areas. This paper
presents a smart parking slot identification system that aims to minimize time spent searching for available. parking
spaces and optimize space utilization. The proposed system employs image processing techniques and/or sensor-based
technologies to detect vacant and occupied slots in real-time. Using tools such as cameras, ultrasonic sensors, or loT
devices, data is collected and processed through algorithms that analyze the status of each parking slot.

The system can then display the availability to users via a mobile application or digital signage, guiding drivers directly
to empty spots. Experimental results demonstrate improved accuracy in slot detection and a significant reduction in
parking search time, contributing to reduced traffic congestion and enhanced user experience

CHAPTER 1 INTRODUCTION
1. INTRODUCTION

AUTO SLOT USING Al refers to the process of determining the availability and location of parking spaces in a given
area, often utilizing technologies such as sensors, cameras, and machine learning algorithms. This process is particularly
useful in smart cities and modern parking systems where finding an available parking spot can be time-consuming and
inefficient. By automating the detection and management of parking slots, the system helps drivers save time, reduces
traffic congestion, and optimizes the use of parking space.

There are several approaches to AUTO SLOT USING Al:

1. Sensor-based Systems: These use ground sensors (e.g., magnetic or infrared sensors) installed in parking spaces
to detect the presence of a vehicle. When a vehicle enters or leaves a parking spot, the sensor updates the system,
indicating whether the spot is occupied or available.

2. Camera-based Systems: Cameras, often paired with image processing and computer vision technologies, capture
live footage of parking areas. The system analyzes the images to detect vehicles in each parking space and identifies
whether a space is occupied.
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3. RFID Technology: Some systems use RFID tags on vehicles, paired with RFID readers installed in parking spaces
to detect the presence of vehicles.

4. Machine Learning and Al: Machine learning algorithms are employed to enhance AUTO SLOT USING Al. Al
can process the data from sensors or cameras to predict parking availability, detect illegal parking, and optimize parking
space management.

5. Mobile Apps and IoT Integration: Many modern parking systems are integrated with mobile apps that allow users
to check available parking slots in real-time, reserve spaces, or even pay for parking remotely.

AUTO SLOT USING AI systems contribute to more efficient urban planning, reduce the environmental impact of
cruising for parking, and improve overall parking management. As cities continue to evolve towards "smart"
infrastructure, these systems play a significant role in ensuring smoother, faster, and more convenient parking experiences
for drivers.

CHAPTER 2 LITERATURE SURVEY
LITERATURE SURVEY

INTRODUCTION

Here's a sample Literature Survey for Parking Slot Identification that you can use in reports or research documentation:
Literature Survey: Parking Slot Identification

Parking slot identification has become a critical component in smart city infrastructure, addressing problems like traffic
congestion, time wastage, and inefficient space usage. Multiple approaches have been studied and developed, ranging
from sensor-based systems to advanced Al-driven computer vision methods.

1. Sensor-Based Parking Detection Systems Authors: D.Ramesh et al., 2017

Title: Smart Parking System using loT

Summary: This work utilizes ultrasonic sensors installed in each slot to detect vehicle presence. Data is transmitted using
Wi-Fi to a central unit. Though reliable, the system becomes costly and maintenance-intensive for large-scale
deployment.

2. Image Processing and Computer Vision Authors: Amato G. et al., 2017

Title: Deep Learning for Smart Parking System

Summary: This study uses Convolutional Neural Networks (CNN) to detect occupied slots from CCTV images.

It emphasizes the power of deep learning over traditional image processing, providing over 95% accuracy in controlled
environments.

3. YOLO-Based Detection Systems Authors: A. Sharma et al., 2020

Title: Real-Time Parking Slot Detection Using YOLOvs

Summary: This research applies the YOLOvs model for fast and accurate vehicle detection in parking areas. It highlights
YOLOQO’s ability to detect multiple vehicles in a single frame with high speed, making it suitable for real-time applications.
4, Cloud-Integrated IoT Systems Authors: M. Hossain et al., 2019

Title: IoT Based Smart Parking System with Cloud Integration

Summary: Focuses on using cloud platforms like Firebase and AWS IoT to manage real-time slot data from sensors. It
improves data accessibility, enables remote monitoring, and supports scalability.

CHAPTER 3 EXISTING SYSTEM
3.EXISTING SYSTEM

The existing system for parking slot identification in current projects typically involves a combination of sensor-based
and camera-based technologies to detect and monitor available parking spaces in real-time. In many smart parking
projects, ultrasonic or infrared sensors are installed in individual parking slots to detect the presence or absence of
vehicles.These sensors are connected to a central microcontroller or IoT platform, which transmits data to a cloud server
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or local database. The availability of parking spaces is then displayed to users through a mobile app or digital display
boards at the parking entrance. Some projects also use camera-based systems with image processing and computer vision
techniques to analyze live video feeds and identify vacant slots. These systems are often supported by machine learning
algorithms that improve detection accuracy under different lighting and weather conditions. Additionally, some
implementations integrate RFID systems for vehicle identification and mobile applications for real-time slot booking and
navigation within the parking area. Overall, such projects aim to reduce traffic congestion, minimize time spent searching
for parking, and provide a seamless parking experience for users.

Applications of parking slot identification

1. Time Efficiency

Quickly locates available parking slots, reducing time spent searching.
2. Reduced Traffic Congestion

Helps prevent overcrowding in parking areas and nearby roads.

3. Fuel and Cost Savings

Less driving means lower fuel consumption and reduced vehicle wear.
4. Enhanced User Experience

Real-time updates and guidance improve convenience for drivers.

5. Better Space Utilization

Maximizes use of available parking slots, avoiding underused areas.
6. Improved Safety and Security

Integrated cameras and sensors help monitor vehicles and prevent misuse.
7. Environmental Benefits

Reduced vehicle emissions contribute to a cleaner environment.

8. Smart City Integration

Supports digital infrastructure and smart urban development.

9. Data Collection and Analytics

Gathers valuable data for planning, predictions, and system improvements.
10. Automation and Labor Reduction

Reduces the need for manual monitoring and parking attendants.

Let me know if you’d like this in a paragraph, table, or for a specific use case like a presentation or report.
Existing Systems and Technologies

. Computer Vision-Based Systems
These systems use camera feeds and Al models to analyze images in real-time and detect vehicles and available slots.
Technologies Used:

YOLO (You Only Look Once) — Real-time object detection model. OpenCV — For image pre-processing and slot
mapping.

TensorFlow / PyTorch — For training and deploying deep learning models. Convolutional Neural Networks (CNNs) —
For feature extraction from video frames.
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CHAPTER 4 PROPOSED SYSTEM
PROPOSED SYSTEM

The proposed system for AUTO SLOT USING Al aims to provide a seamless, efficient, and real-time solution to
managing parking spaces in urban areas, commercial centers, or any parking facility. The system will leverage a
combination of sensor technology, computer vision, and machine learning to automatically detect, monitor, and update
the status of parking slots, while offering an intuitive interface for users.

1. Real-time Slot Availability Detection:

o The system will use a combination of sensor-based (e.g., magnetic, infrared) and camera-based (using
computer vision) technologies to detect the occupancy status of each parking slot.

o Ground sensors detect vehicles by measuring changes in magnetic field or infrared signals, indicating
whether a space is occupied.

o Cameras with computer vision will be used to monitor the parking area and provide visual verification
of slot status.

2. Dynamic Slot Monitoring & Updates:

o The system will be capable of continuously updating the status of parking slots (occupied/available) in
real-time, ensuring that users always have up-to-date information.

o A centralized management platform will collect data from sensors and cameras to process and store
parking slot status information.

3. User Interface (Mobile and Web Application):

o Mobile App: Drivers can use a mobile app to locate available parking spaces, reserve slots in advance,
and even pay for parking. The app will show a map of the parking facility with real-time availability.

o Web Dashboard: A web interface for parking lot managers to monitor parking occupancy, track data
trends (e.g., busiest times, average parking duration), and control the system's settings.

o Navigation Integration: The app can be integrated with GPS and navigation systems to guide users to the
nearest available parking slot in real-time.

4. Automated Payment and Reservation System:

o Users can reserve parking slots in advance through the app, ensuring availability when they arrive.

o The app will also support cashless payment options such as credit/debit cards, mobile wallets, or QR
code scanning.

5. Artificial Intelligence for Slot Prediction & Optimization:

o Machine Learning Algorithms will analyze parking patterns, including peak times, average duration of
parking, and frequency of availability. Based on this data, the system can predict future parking availability, helping users
plan their trips better.

o Al can optimize the allocation of parking slots, ensuring that users are guided to the most suitable space,
reducing congestion in the lot.

6. Parking Enforcement and Security:

o The system will also be able to detect violations such as illegal parking (e.g., parking in reserved spaces,
double parking). Alerts can be sent to parking lot management or enforcement officers.

o Security cameras can also be used to monitor activity within the parking lot, enhancing safety for vehicles
and users.

7. IoT Integration:

o The system will integrate with the Internet of Things (IoT) to enhance communication between sensors,

cameras, the app, and the central management system. loT devices can provide additional context such as parking lot
entry/exit points and vehicle type detection.

8. Energy-Efficient and Scalable Design:

o The system will be designed to be scalable, easily expandable to cover larger parking areas or even entire
cities.

o To ensure energy efficiency, sensors and cameras will be designed to operate on low power and, where

possible, use renewable energy sources such as solar panels for autonomous functionality.
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System Architecture:

Sensors & Cameras:
Magnetic sensors and infrared sensors are placed in each parking space to detect vehicle presence.
Cameras installed throughout the parking area for visual detection and verification of vehicle occupancy.
Edge devices process initial data from sensors and cameras, reducing the load on the central server.
Data Processing & Management:

O dNDO O O =

Central Server: Collects and processes data from sensors and cameras, maintaining a real-time database
of parking space statuses.

o Cloud Storage: Stores historical parking data for analytics and trend analysis.

o AI/ML Models: Analyze historical data to predict future parking trends and optimize space allocation.
3. User Interaction Layer:

o Mobile Application: Provides a user-friendly interface for drivers to find and reserve parking, make
payments, and receive notifications.

o Web Dashboard: Allows parking lot administrators to monitor parking availability, manage reservations,
and enforce policies.

4. Payment Gateway:

o Integrated payment system for seamless billing and transactions, allowing users to pay for their parking
via various methods.

5. Security & Alerts:

o Integration with security cameras and automated violation detection to ensure safe and fair usage of the
parking lot.

o Alerts sent to enforcement officers in case of violations or security breaches.

Benefits of the Proposed System:

1. Time Efficiency: Drivers will spend less time searching for available parking spots, reducing congestion in and
around parking facilities.

2. Optimized Space Usage: With real-time updates and Al-driven predictions, the parking system ensures that every
parking spot is used efficiently.

3. Improved User Experience: Mobile apps and web interfaces offer users convenience and control over parking
reservations, payment, and location.

4. Reduced Environmental Impact: By minimizing the time spent cruising for parking, the system reduces fuel
consumption and vehicle emissions, contributing to a cleaner environment.

5. Increased Revenue for Parking Operators: Automated parking management and payments can increase revenue
by ensuring more efficient use of parking spaces and reducing operational overheads.

6. Enhanced Security: The use of cameras and sensors improves overall security, reducing incidents of theft,
vandalism, and illegal parking.

Future Enhancements:

. Autonomous Parking: Integration with self-parking systems, allowing vehicles to park themselves in available
slots with minimal human intervention.

. Dynamic Pricing: The system can implement dynamic pricing based on demand, offering discounts during off-
peak hours or surcharges during peak times.

. Integration with Public Transportation: The system can show users the nearest available parking spots connected
to public transportation hubs, promoting multi-modal transport.

By incorporating these technologies, the proposed system will transform the way parking is managed and experienced,
offering a smart, user-friendly, and efficient solution to urban parking challenges.
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CHAPTER 5 SOFTWARE AND HARDWARE
REQUIREMENTS

SOFTWARE REQUIREMENTS
operating System

Linux (Ubuntu) — preferred for Al and loT development.
Windows — suitable for general development and GUI interfaces.

Programming Languages

Python — for Al, image processing, backend scripting. C/C++ — for microcontroller programming (e.g.,
Arduino). Java/Kotlin — for Android app development.
JavaScript (Node.js/React) — for web applications or dashboards.

Al and Computer Vision Libraries

OpenCV — image processing and parking slot detection.
TensorFlow / PyTorch — deep learning model training and inference.

HARDWARE REQUIREMENTS

Microcontroller / Microprocessor

Arduino Uno / Mega — for handling sensors and simple logic control. ESPs2 / NodeMCU - for Wi-Fi-enabled sensor
communication.
Raspberry Pi/ NVIDIA Jetson Nano — for image processing and Al tasks.

Sensors (for sensor-based systems)

Ultrasonic Sensors — detect vehicle presence in each slot.

CHAPTER 6 SYSTEM DESIGN
SOFTWARE DESIGN
Systems design is the process of defining the architecture, components, modules, interfaces, and data for a system to

satisfy specified requirements. One could see it as the application of systems theory to product development. Object-
oriented analysis and design methods are becoming the most widely used methods for computer systems design.

ARCHITECTURAL DESIGN
Input Image > Bindrization Noise
Image Aguisition | | ™ Rremoval
Y
; Time Characeler Character
Bill Licanse Recongition [ Segmentation
Generation plate ;

Fig 6.1 Architecture Diagram
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UML DIAGRAM

Use Case Diagram

Real Time Parking Slot Identification and Guidance System
Primary Actor:

Driver (end user) Stakeholders:
Drivers looking for parking

Parking lot operators/administrators City traffic management authorities App developers or system integrators
Preconditions:

Cameras/sensors are properly installed and functional System is connected to the backend server or cloud platform User
has access to the mobile app or display panel

Main Flow (Basic Use Case Steps):

1. Driver enters the parking area.

Cameras or sensors detect vehicle entry and current slot occupancy.

2. System analyzes slot availability.

Al or sensors determine which slots are free or occupied.

3. Availability data is updated in real time.

This data is pushed to a mobile app, website, or LED display board.
4, Driver receives guidance.

The app or screen suggests the nearest available slot with directions.
5. Driver parks the vehicle.

Slot is marked as occupied once the vehicle is detected.

-

o=t
f
f

-

=

Fig 6.2 Use Case Diagram
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1. Class Diagram

This class diagram represents the architecture of a parking slot identification system. The main components of the system
include classes for managing users, parking slots, tickets, and interactions with the system.

Classes and Descriptions
Person (Abstract Class)

Attributes: name, password, email, phone number Method: login()
This is the base class for users of the system (Admin and Operator).

6. Admin (Inherits Person)

Methods: add Slot(), add Operator(), update Operator( ), delete Operator(), shift Reports() Responsible for system
administration, including slot and operator management.

7. Operator (Inherits Person, Implements Interface) Methods: free Slots(), calculate Money(), add
8. Profit To Date() Manages parking slots and financial calculations.
9. Customer

Attributes: name, plate Number Methods: print Ticket(), pay()
Represents a user who uses parking services and gets a ticket.

10. Ticket
Attributes: Id, departure Time, arrival Time, date

Associated with a customer; tracks parking usage and timing.

Fig 6.2 Class Diagram
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Sequence Diagram

The diagram you've provided is a Sequence Diagram for a Parking Slot Identification System via an Android Application.
Here's the explanatory matter based on the diagram:Sequence Diagram for Parking Slot Identification System This
sequence diagram illustrates the interaction between a user (actor), the Android Application, and the Parking System for
identifying and selecting an available parking slot Participants

Q Andkond Applcation Tarking |
A Sy
Ator : _T'_
1 Choose parking ared , timw | |
» |
I
|
3Ok Search |
» 2.0 Transher requent !
.11 Search and conlirm availability
LLLL Daplay at of avadable parking

|
T |
| |
¢ ' '
3. Chodse a parking o |

»

5.1 Tramsler request
301 Send parhing Information
1L1LLL Dwnglay parking information
U |
I |
| I
| |
| |
| |
Fig 6.s SequenceDiagram
1. Actor — Represents the user who wants to book a parking slot.

2. Android Application — The interface through which the user interacts with the system.
3. Parking System — The backend system that processes and manages parking data.
Flow of Events

1. User Action:

The user chooses a parking area and time (Step 1).

2. Search for Availability:

The user clicks on the search button (Step 2).

The Android Application transfers the request to the Parking System (Step 2.1). The Parking System searches for and
confirms available parking slots (Step 2.1.1).

The list of available parking slots is sent back and displayed to the user (Step 2.1.1.1).

3. Select Parking:

The user chooses a specific parking slot from the displayed list (Step s).

The application sends a request to the Parking System for finalizing the slot (Step s.1). The Parking System sends back
detailed parking information (Step s.1.1).

The parking information is then displayed to the user (Step s.1.1.1). Key Features Represented
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Real-time parking availability check. User-friendly flow with quick feedback.
Seamless interaction between front-end (Android app) and back-end (Parking System).

Activity Diagram

An Activity Diagram shows the flow of control from one activity to another. It helps model the dynamic aspects of a
system, often used to describe business processes or system workflows.

Key Components in This Diagram: Initial Node (Black Circle):
Represent specific actions or steps taken in the process.

Examples from the diagram: Request parking, Start Navigate, Check gap size. Decision Nodes (Diamonds):

Represent conditional logic — branches in the flow based on certain conditions. E.g., Space > Vehicle & gap size and
Gap <120 cm.

Arrows (Edges):

* Separate responsibilities between different entities or components.

For example, one lane may represent the vehicle (OBU), the other the parking system. Annotations (Document Shape):
* Provide additional comments or notes like "checking the gap size from one side only". Final Node (Circle with a
Dot):

Represents the end of the activity flow (Space occupied).

OoBU
ch ucst purkina {Checking Avallabillt’a
& [Soace « .
= Vel e B gaps sizal To ISC to redirect
e the requrest
|Space = VWobkcle B saps siza)
Geserve the space)

Start Navigate

checcing the gas
Pull in parking space skze f-omanc
C p € 5p ) side orly

Sense the new surroundj

Check gap size

[Gap > 12D zm])

Close the gap

— e
T |Gap <120 cn|
GJ pdate parking space DB)

Space occupied

Fig 6.4 Activity Diagram
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MODULES

1. Slot Detection Module

Purpose: Detect the presence or absence of a vehicle in each parking slot.
Components:

Ground sensors (magnetic/infrared)
Cameras with image processing
Real-time occupancy detection algorithm

O O O

Technologies: Sensor APIs, OpenCV, edge computing

2. Data Collection & Processing Module

Purpose: Collect sensor and camera data, process it, and determine slot availability.
Components:

Data ingestion pipeline
Real-time data analysis engine
Vehicle detection & tracking logic
Technologies: Python, MQTT/HTTP, computer vision, TensorFlow/PyTorch

® O O O

w

. User Interface Module (Mobile & Web App)

Purpose: Allow users to view available slots, reserve parking, and make payments.
Components:
Real-time slot availability map

Reservation system

O O O

QR code or digital ticketing for entry/exit

Technologies: React Native / Flutter (Mobile), React.js / Angular (Web)
4. Payment & Billing Module

Purpose: Handle cashless payments and automated billing.
Components:
Payment gateway integration (Stripe, Razorpay, etc.)
Invoice generation

O O O

Reservation fees & overstay penalties
Technologies: REST APIs, secure encryption, digital wallets

5.Al Prediction Module

Purpose: Predict future parking slot availability based on historical data.

Components:
Data analysis & preprocessing
Machine learning model for demand forecasting

O O O

Real-time prediction updates
Technologies: Scikit-learn, Pandas, time-series modeling
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6. Security & Violation Detection Module

Purpose: Monitor and enforce proper usage of parking spaces.
Components:
License plate recognition (LPR)
Detection of double-parking, unauthorized access
Incident logging and alert system

O O O

Technologies: YOLO/Object Detection models, CCTV integration, ALPR

8. IoT & Network Communication Module

Purpose: Facilitate communication between devices, server, and apps.
Components:

IoT gateway and protocol handler

Cloud synchronization

Failover and offline data storage
Technologies: MQTT, HTTP, AWS IoT Core / Azure loT Hub

O O O e

CHAPTER 7 IMPLEMENTATION
IMPLEMENTATION
1: Set Up the Environment

Hardware: Install a high-resolution overhead camera (e.g., CCTV or IP camera) covering the parking area.
Software: Use a system with Python, OpenCV, and PyTorch (or TensorFlow).
Al Model: Choose a pre-trained object detection model such as YOLOvVS, YOLOVS, or Mask R-CNN.

2: Collect or Use Existing Parking Video Data

Use recorded video or a real-time camera feed.
Ensure the video clearly shows vehicles in their parking spaces.
For training or fine-tuning, collect frames in varied lighting (day/night, shadow).

3: Annotate Parking Slots

Manually label each parking slot using tools like:

Labellmg (for bounding boxes)

CVAT or LabelMe

Save the coordinates of each parking slot as rectangles or polygons (usually in JSON or XML format).
4: Vehicle Detection with Al

Load a pre-trained vehicle detection model:

YOLOVSs or YOLOv8n are lightweight and real-time.

The model detects objects like cars, bikes, trucks in each frame.

For each frame from the video, run inference and get bounding boxes of detected vehicles.
5: Compare Vehicle Boxes with Slot Areas

For every frame:

For each parking slot, check if any detected vehicle bounding box overlaps with the slot.
This can be done using bounding box intersection (IoU or basic overlap).
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Mark each slot as:

Occupied if overlapping with a vehicle
Free if no overlap is found

6: Display Results

. Draw each parking slot on the video feed:

. Green box for free

. Red box for occupied

. Optionally, label with text: "Free" or "Occupied"

7: Optimize and Deploy

. Run this logic in real-time (e.g., 10-15 FPS is sufficient).

. Deploy to:

. A local system with GPU (for real-time)

. An edge device (e.g., Jetson Nano)

. A cloud service with video input

8: Optional Add-ons

. Database/Cloud: Store parking slot statuses to update a web app or mobile app.
. Notifications: Alert users when free slots are available.

. Dynamic Slot Detection: Train a custom model to automatically detect slot areas without manual labeling.
SAMPLE CODE

import React, { useState, useEffect } from 'react’;

import Navigation from '@/components/Navigation';

import Hero from '@/components/Hero';

import SearchBar from '@/components/SearchBar';

import ParkingMap from '@/components/ParkingMap";

import ParkingSpot from '@/components/ParkingSpot';

import Footer from '@/components/Footer’;

import { parkingSpots, calculateDistance, ParkingSpot as ParkingSpotType } from '@/constants/parkingData’;
import { Button } from '@/components/ui/button’;

import { CircleParking, Car, Scan, Search } from 'lucide-react’;

import { useToast } from "@/components/ui/use-toast";

const Index: React.FC = () => {
const [spots, setSpots] = useState<ParkingSpotType[]>(parkingSpots);
const [selectedSpot, setSelectedSpot] = useState<ParkingSpotType | null>(null);

const { toast } =useToast();

const handleSearch = (location: string) => {
toast({
title: "Searching for parking spots",

description: Finding parking near ${location},
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s

// For demo purposes, we'll simulate finding spots near the user
// In a real app, you would use coordinates to calculate actual distances
const updatedSpots = parkingSpots.map(spot => ({

...spot,

// Add a random distance for demonstration purposes

distance: parseFloat((Math.random() * 5).toFixed(1))

1)s

// Sort by distance
updatedSpots.sort((a, b) => (a.distance || 0) - (b.distance || 0));

setSpots(updatedSpots);
53

const handleSelectSpot = (spot: ParkingSpotType) => {
setSelectedSpot(spot);
toast({
title: "Parking spot selected",
description: You've selected $ {spot.name},
1
s

return (

<div className="flex flex-col min-h-screen">

<Navigation />

<main className="flex-grow">

<Hero />

<section className="py-12 bg-gray-50">
<div className="container mx-auto px-4">
<div className="max-w-4x] mx-auto">

<h2 className="text-3x] font-bold text-center mb-6">Find Available Parking Spots</h2>

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM51167 | Page 14


http://www.ijsrem.com/

e
‘;‘IJSREME"
s seurna International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 09 Issue: 07 | July - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

<SearchBar onSearch={handleSearch} />
</div>
</div>

</section>

<section className="py-12">
<div className="container mx-auto px-4">
<div className="grid md:grid-cols-3 gap-6">
<div className="md:col-span-2">
<ParkingMap spots={spots} onSelectSpot={handleSelectSpot} />
</div>
<div>
<h3 className="text-xl font-semibold mb-4">Nearby Parking</h3>
<div className="space-y-4 max-h-96 overflow-y-auto pr-2">
{spots.map((spot) => (
<ParkingSpot key={spot.id} spot={spot} onSelect={handleSelectSpot} />
Dh
</div>
</div>
</div>
</div>

</section>

<section className="py-16 bg-gray-50">
<div className="container mx-auto px-4">
<h2 className="text-3xI font-bold text-center mb-2">How It Works</h2>
<p className="text-gray-600 text-center max-w-3x| mx-auto mb-12">
Our AUTO SLOT USING Al system makes finding a spot easier than ever before.

</p>

<div className="grid md:grid-cols-3 gap-8">
<div className="bg-white p-6 rounded-xl shadow-md text-center">
<div className="h-16 w-16 bg-blue-50 rounded-full flex items-center justify-center mx-auto mb-4">
<Search className="h-8 w-8 text-primary" />

</div>
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<h3 className="text-x| font-semibold mb-2">Search</h3>
<p className="text-gray-600">

Enter your destination or use your current location to find available parking spots nearb... import React, {
useState, useEffect } from 'react’;

import Navigation from '@/components/Navigation';

import Hero from '@/components/Hero";

import SearchBar from '@/components/SearchBar';

import ParkingMap from '@/components/ParkingMap';

import ParkingSpot from '@/components/ParkingSpot';

import Footer from '@/components/Footer';

import { parkingSpots, calculateDistance, ParkingSpot as ParkingSpotType } from '@/constants/parkingData’;
import { Button } from '@/components/ui/button’;

import { CircleParking, Car, Scan, Search } from 'lucide-react’;

import { useToast } from "@/components/ui/use-toast";

const Index: React. FC = () => {
const [spots, setSpots] = useState<ParkingSpotType[ |>(parkingSpots);
const [selectedSpot, setSelectedSpot] = useState<ParkingSpotType | null>(null);

const { toast } = useToast();

const handleSearch = (location: string) => {
toast({
title: "Searching for parking spots",

description: Finding parking near $ {location},

1)

/I For demo purposes, we'll simulate finding spots near the user
// In a real app, you would use coordinates to calculate actual distances
const updatedSpots = parkingSpots.map(spot => ({

...Spot,

// Add a random distance for demonstration purposes

distance: parseFloat((Math.random() * 5).toFixed(1))
1);

// Sort by distance
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updatedSpots.sort((a, b) => (a.distance || 0) - (b.distance || 0));

setSpots(updatedSpots);
¥

const handleSelectSpot = (spot: ParkingSpotType) => {
setSelectedSpot(spot);
toast({
title: "Parking spot selected",
description: You've selected $ {spot.name},
$)s
53

return (
<div className="flex flex-col min-h-screen">

<Navigation />

<main className="flex-grow">

<Hero />

<section className="py-12 bg-gray-50">
<div className="container mx-auto px-4">
<div className="max-w-4x] mx-auto">
<h2 className="text-3xI font-bold text-center mb-6">Find Available Parking Spots</h2>
<SearchBar onSearch={handleSearch} />
</div>
</div>

</section>

<section className="py-12">
<div className="container mx-auto px-4">
<div className="grid md:grid-cols-3 gap-6">
<div className="md:col-span-2">
<ParkingMap spots={spots} onSelectSpot={handleSelectSpot} />

</div>
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<div>
<h3 className="text-xl font-semibold mb-4">Nearby Parking</h3>
<div className="space-y-4 max-h-96 overflow-y-auto pr-2">
{spots.map((spot) => (
<ParkingSpot key={spot.id} spot={spot} onSelect={handleSelectSpot} />
)}
</div>
</div>
</div>
</div>

</section>

<section className="py-16 bg-gray-50">
<div className="container mx-auto px-4">
<h2 className="text-3x1 font-bold text-center mb-2">How It Works</h2>
<p className="text-gray-600 text-center max-w-3xl1 mx-auto mb-12">
Our AUTO SLOT USING Al system makes finding a spot easier than ever before.

</p>

<div className="grid md:grid-cols-3 gap-8">
<div className="bg-white p-6 rounded-xl shadow-md text-center">
<div className="h-16 w-16 bg-blue-50 rounded-full flex items-center justify-center mx-auto mb-4">
<Search className="h-8 w-8 text-primary" />
</div>
<h3 className="text-xl font-semibold mb-2">Search</h3>
<p className="text-gray-600">

Enter your destination or use your current location to find available parking spots nearb
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CHAPTE 8 RESULTS
3. RESULTS

Fig 8.1 Output Snapshot
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CHAPTER 9 CONCLUSION
5.conclusion

The conclusion of a AUTO SLOT USING Al system using Al generally involves the following key takeaways:

1. Vehicle Detection
Al models like YOLO can accurately detect vehicles in parking lots in real-time, identifying different vehicle types such
as cars, trucks, and motorcycles.

2. Slot Status Determination

Intersection-over-Union (IoU) or bounding box overlap is used to check if a detected vehicle overlaps with a predefined
parking slot.

Occupied Slot: If a vehicle's bounding box intersects with the parking slot's bounding box.

Free Slot: If no vehicle overlaps with the slot's designated area.

3. Real-Time Monitoring

The system can run continuously using live camera feeds (CCTV, webcams), updating the status of parking slots
(occupied or free).

User Interface (UI): The status can be displayed on a screen, app, or dashboard, showing a live update of the parking lot.

4. Potential Applications
Smart Cities: Parking management in urban areas.

IoT Integration: Can be connected to [oT devices, mobile apps, or smart signs for better user convenience.
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Optimization: Helps reduce time spent searching for parking by indicating available slots in real-time.

5. Benefits
Efficiency: Automated and real-time tracking of parking slots.
Convenience: Drivers get immediate updates on available parking spaces.

Cost Reduction: Optimizes parking lot usage, reducing congestion and improving space management.

6. Challenges

Lighting Conditions: The system might struggle in low-light or highly dynamic environments (e.g., shadows).
Accuracy: Precision of slot detection depends on model training and camera angles.

Final Thought

The AUTO SLOT USING Al system with Al (such as using YOLO) is highly effective for real-time parking
management. By automatically detecting vehicle presence and comparing it against predefined parking slots, this
technology makes parking smarter, efficient, and user-friendly, while also aiding in optimizing parking lot space.

CHAPTER 10 FUTURE SCOPE

Enhanced User Experience:

. Seamless Navigation: Imagine your navigation app guiding you directly to an available spot, eliminating the
frustration of circling parking lots.

. Pre-booking: Integrating with booking systems would allow users to reserve specific identified slots in advance,
guaranteeing a parking space.

. Reduced Stress and Time Savings: Finding parking quickly and efficiently reduces driver stress and saves
valuable time.

. Accessibility Features: Systems could identify and prioritize accessible parking spaces for users with
disabilities.

. Personalized Preferences: The system could learn user preferences (e.g., proximity to entrance, covered

parking) and suggest suitable available slots.

Smart City Integration:

. Traffic Flow Optimization: By guiding drivers directly to available spots, these systems can reduce traffic
congestion caused by vehicles searching for parking.

. Reduced Emissions: Less time spent circling translates to lower fuel consumption and reduced greenhouse gas
emissions.

. Data-Driven Urban Planning: Aggregated data on parking occupancy can provide valuable insights for urban
planners to optimize parking infrastructure and city layouts.

. Integration with Autonomous Vehicles: As self-driving cars become more prevalent, these systems will be

crucial for autonomous vehicles to efficiently find and utilize parking spaces.
. Smart Parking Management: Parking operators can gain real-time visibility into occupancy, optimize pricing
strategies, and improve overall management efficiency.
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Technological Advancements:

. Computer Vision and Al: Advanced algorithms can analyze camera feeds to identify vacant spots with high
accuracy, even in challenging lighting or weather conditions.

. Sensor Fusion: Combining data from various sensors (e.g., ultrasonic, infrared, magnetic) can provide a more
robust and reliable understanding of parking occupancy.

. IoT Connectivity: The proliferation of loT devices enables seamless communication between parking sensors,
cameras, central servers, and user devices.

. Edge Computing: Processing data locally at the parking facility can reduce latency and improve the speed of
availability updates.

. 5G and Beyond: Faster and more reliable mobile networks will enhance real-time data transmission and the

overall user experience.
. Digital Twins: Creating digital representations of parking facilities can allow for simulation, optimization, and
predictive analysis of parking availability.

Potential Business Models:

. Subscription Services: Premium features like guaranteed pre-booking or preferred spot selection could be
offered through subscriptions.

. Integration with Navigation Apps: Partnerships with existing navigation providers can expand reach and user
adoption.

. Data Analytics Services: Providing aggregated parking data to municipalities and businesses for urban planning
and retail analytics.

. Advertising and Loyalty Programs: Offering targeted promotions or loyalty rewards to users based on their

parking behavior.

Challenges and Considerations:

. Accuracy and Reliability: Ensuring the system accurately detects availability in all conditions is crucial for user
trust.
. Privacy Concerns: Data collection on vehicle locations and parking habits needs to be handled with appropriate

privacy safeguards.

. Infrastructure Costs: Implementing the necessary sensors, cameras, and communication infrastructure can be
a significant investment.

. Scalability and Standardization: Developing scalable and standardized solutions will be important for
widespread adoption across different parking facilities.

. Integration with Existing Systems: Compatibility with existing parking management systems and payment
methods will be necessary.
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