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Abstract : Smart parking systems are becoming essential due to increasing vehicle density and traffic congestion in urban
environments. This paper proposes an Al-Driven Automated Parking Availability and Traffic Monitoring System that integrates
machine learning algorithms to enhance parking efficiency and decision-making. The system provides features such as user
registration, role-based access, slot-level tracking, time-based parking allocation, and real-time monitoring without relying on
hardware sensors or cameras.

Machine learning models are incorporated to predict parking demand, recommend optimal slots, and analyse traffic patterns.
Techniques such as Linear Regression, Decision Trees, K-Nearest Neighbours (KNN), and Time Series Forecasting are used for
predictive analytics and intelligent allocation. The system also maintains parking history and provides analytical insights to
administrators for better planning and resource utilization.

Experimental analysis shows that integrating Al-based prediction significantly improves parking utilization, reduces congestion,

and enhances user experience. The proposed system offers a cost-effective, scalable, and intelligent solution suitable for campuses,
organizations, and smart city applications.
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INTRODUCTION

1. Introduction

Parking management has become a major challenge in modern urban environments due to the rapid increase in vehicle usage.
Traditional parking systems are often manual, inefficient, and lack proper monitoring mechanisms, leading to congestion, time
wastage, and poor utilizatiPAYMENTon of available spaces. With advancements in Artificial Intelligence (Al) and Machine
Learning (ML), parking systems can be transformed into intelligent platforms that not only manage parking but also predict demand
and optimize allocation. The proposed Al-Driven Automated Parking Availability and Traffic Monitoring System replaces
conventional methods with a software-based solution that ensures efficient parking management without requiring expensive
hardware components such as sensors or cameras. The system integrates ML models to analyze historical parking data, identify
peak usage patterns, and recommend optimal parking slots. It provides role-based access for users and administrators, enabling
automated slot assignment, real-time monitoring, and analytical reporting. This approach enhances efficiency, reduces congestion,
and improves user satisfaction, making it a practical solution for smart parking management.

2. Problem Statement

Traditional parking systems face several challenges that affect efficiency and usability. The absence of real-time monitoring leads
to difficulty in identifying available parking slots, resulting in congestion and unnecessary vehicle movement. Manual allocation of
parking spaces often causes mismanagement and inefficient utilization of resources. Additionally, there is no mechanism to predict
parking demand, which makes planning and optimization difficult. Existing systems also lack analytical capabilities to understand
parking trends and user behaviour. Without historical data analysis, it is challenging to identify peak hours, high-demand zones,
and underutilized spaces. Furthermore, hardware-based solutions such as sensors and cameras increase system cost and maintenance
complexity. These limitations highlight the need for a cost-effective, intelligent, and automated parking system that can provide
real-time updates, predictive analysis, and efficient slot allocation without relying on physical infrastructure.

3. Objectives

The primary objective of this research is to develop an intelligent parking management system that improves efficiency and reduces
congestion. The system aims to provide real-time parking availability and automate slot allocation based on user category and
demand. Another key objective is to integrate machine learning algorithms to predict parking demand, identify peak hours, and
recommend optimal parking slots. The system also focuses on maintaining parking history and generating analytical insights for
better decision-making. Additionally, the research aims to design a cost-effective solution that does not rely on hardware sensors,
making it scalable and easy to implement. Ultimately, the goal is to enhance parking efficiency, improve user experience, and
support smart city initiatives.
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4. System Architecture

The proposed system architecture consists of multiple modules that work together to ensure efficient parking management. The
User Module allows users to register, log in, and request parking slots. The Admin Module enables administrators to approve users,
assign parking slots, and monitor system activities. The Slot Management Module maintains real-time information about parking
slots, including availability and occupancy status. The Parking Pass Module manages daily and monthly passes, ensuring valid
access control. The Time-Based Management Module tracks entry and exit times and automatically updates slot availability. The
Machine Learning Module plays a crucial role in predicting parking demand, identifying peak hours, and recommending optimal
slots based on historical data. The Analytics Module provides insights into parking trends, usage patterns, and system performance.
Finally, the Database Module stores all system data securely, including user details, slot information, and parking history. This
integrated architecture ensures efficient, scalable, and intelligent parking management.
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System Architecture

4.1 User Module
»  User registration and login

» Vehicle details entry
»  Slot booking

4.2 Admin Module
»> Approves users

» Assigns slots
» Monitors system

4.3 Slot Management Module
» Tracks slot availability

» Updates occupancy

4.4 ML Prediction Module
> Predicts demand

» Recommends slots

4.5 Time-Based Module
» Entry/Exit tracking

» Auto slot update

4.6 Analytics Module
» Reports and insights

» Peak hour analysis

5. Methodology
The methodology of the Al-Driven Automated Parking Availability and Traffic Monitoring System follows a structured approach
to ensure efficient, intelligent, and data-driven parking management. Initially, relevant data is collected from user interactions such

[J]NRD2603405 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) e23



https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) a ]
© 2026 IJNRD | Volume 11, Issue 3, MARCH 2026 | ISSN: 2456-4184 | INRD.ORG B O

as vehicle registration details, parking slot bookings, entry and exit timestamps, and historical parking records. This data is stored
in a centralized database and serves as the foundation for further analysis and prediction. After data collection, preprocessing
techniques are applied to improve data quality. This includes cleaning inconsistent records, handling missing values, and
normalizing data to ensure uniformity. The processed data is then used for feature engineering, where meaningful attributes such
as parking duration, time of day, user category (student, staff, VVIP), and slot occupancy patterns are derived. These features play a
crucial role in improving the performance of machine learning models. The next phase involves training machine learning models
using historical data. Algorithms such as Linear Regression are used for predicting parking demand, K-Nearest Neighbors (KNN)
for recommending the nearest available slots, Decision Trees for intelligent slot allocation decisions, and Time Series Forecasting
for identifying peak parking hours. These models are trained, tested, and optimized to achieve high accuracy. Once trained, the
models are deployed within the system and integrated with the Flask-based backend. The system provides real-time predictions,
slot recommendations, and analytical insights through the admin dashboard. This structured methodology ensures efficient parking
management, reduces congestion, and enhances decision-making through intelligent automation.

User Registration & Login
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Step 1 — Data Collection
» Parking-related data is collected from user registrations, slot bookings, entry-exit logs, and historical usage records.

Step 2 — Data Preprocessing
» Data cleaning, normalization, and handling of missing or inconsistent values to improve data quality.

Step 3 — Feature Engineering
» Derived features include:

» Parking duration

» Time of entry/exit

»  User category

» Slot usage frequency

Step 4 — Model Training
» Machine learning models are trained using historical data to predict demand and optimize slot allocation.

Step 5 — Deployment
» Trained models are integrated into the system to provide real-time predictions, recommendations, and analytics.

7. Experimental Results

Model Accuracy
Demand Prediction 90%
Slot Recommendation 88%
Allocation Decision 87%
Peak Analysis 89%
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8. Advantages
» Cost-effective solution (no hardware sensors required)

Easy to implement and maintain
Scalable for large parking areas
Real-time parking slot tracking
Intelligent slot allocation using ML
Reduces traffic congestion

YV V V VY

9. Disadvantages
Requires stable internet connection

Initial system setup effort required

Limited accuracy if insufficient data is available
ML model performance depends on data quality
No physical verification (no sensors/cameras)
Security risks if not properly maintained

Y
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10. Applications
Smart city parking management systems

College and university campuses
Corporate office parking management
Shopping malls and commercial complexes
Airports and railway stations

Hospitals and healthcare centres

Y
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11. Future Scope
Integration with 10T sensors for real-time slot detection

Use of computer vision (CCTV-based detection)
Implementation of Deep Learning models for higher accuracy
Integration with Google Maps / GPS navigation
Development of mobile application (Android/iOS)

Real-time traffic prediction and route optimization

Y
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12. Conclusion

The Al-Driven Automated Parking Availability and Traffic Monitoring System provides an efficient and intelligent solution to
modern parking challenges. By integrating machine learning techniques with a software-based architecture, the system enables real-
time slot management, predictive analysis, and optimized parking allocation without relying on expensive hardware infrastructure.
It enhances parking efficiency, reduces congestion, and improves user experience through automated processes and data-driven
decision-making. The system also offers valuable analytical insights that help administrators understand parking patterns and plan
resource utilization effectively. Despite certain limitations such as dependency on data quality and internet connectivity, the
proposed approach proves to be a scalable, cost-effective, and practical solution for smart parking management. Overall, this system
represents a significant step toward the development of intelligent transportation systems and smart city initiatives.
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