International Journal of Current Engineering and Technology
©2026 IJCET 9, All Rights Reserved

E-ISSN 2277-4106, P-ISSN 2347-5161
Available at https://ijcet.evegenis.org/index.php/ijcet/index

Research Article

Smart Parking Lot Helper: A Technological Advancement in Parking
Management

Dr. Varsha Karandikar!®, Shreya Ranjan2, Shreyas Nikam3, Shriya Chawan#*, Shrusti Balode5, Shreya
Shukla®

1Department of Engineering, Sciences and Humanities, Vishwakarma Institute of Technology, Pune, Maharashtra, India
23456Savitribai Phule Pune University, Pune, Maharashtra, India

Received 01 May 2026, Accepted 18 May 2026, Available online 19 May 2026, Vol.16, No.3 (May/Jun 2026)

Abstract

With the increasing number of vehicles on the road, parking management has become a significant challenge in
urban areas. The Smart Parking Lot Helper aims to optimize parking space utilization using IoT and Al technologies.
This paper explores sensor-based detection, mobile application integration, automated fee deduction systems, and the
overall benefits of a smart parking system. We analyse existing research in smart parking solutions, present a feasible

implementation plan, and discuss the potential impacts on smart cities.
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Introduction

Parking inefficiencies lead to congestion, increased
carbon emissions, and frustration among drivers. A
smart parking system that provides real-time parking
availability and automated fee management can
significantly improve urban mobility. This paper
discusses developing and implementing an advanced
smart parking system leveraging IoT, Al, and mobile
technologies.

Research Objective

e To design a real-time parking availability system
using motion sensors and Al algorithms.

e To integrate a mobile application for user
convenience and efficient parking management.

e To implement automated fee deduction using
number plate recognition and FASTag integration.

Several studies have explored the implementation of
an loT-based smart parking system. Li et al. [1]
proposed a smart parking solution integrating
ultrasonic sensors and cloud-based monitoring,
reducing parking search time by 40%. Gupta et al. [2]
introduced an Al-driven number plate recognition
system for automated fee deduction, achieving an
accuracy of 95%. Sharma et al. [3] discussed the
environmental benefits of smart parking, highlighting a
30% reduction in vehicle idling times.
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Researchers identified areas that require further
investigation, and city planners integrate smart
parking systems into their overall smart city initiatives.
[4]

With the development of mobile applications that
provide parking information, navigation, and
reservation options, integrating wireless
communication methods, such as Wi-Fi and cellular
networks, enables the real-time transmission of
parking data to drivers [5, 6]. By enabling seamless
interaction between Sensors, devices, and
infrastructure, loT-based architectures revolutionized
SPS and improved the capacity for data gathering and
management [7]. Advanced parking optimization,
predictive analytics, and driver-specific services are
now possible thanks to the growing use of data
analytics and artificial intelligence approaches in SPS
(Khan et al., 2022b; Patel et al., 2022).

These studies emphasize the feasibility and advantages
of a sensor-based parking management system,
forming the foundation for our proposed solution.

Methodology/Experimental

The development of the smart parking system
integrates hardware and software components to
monitor and manage parking slot availability in real-
time. Infrared (IR) sensors are strategically installed in
each parking slot to detect the presence or absence of
vehicles. These sensors are connected to a
microcontroller, such as the NodeMCU ESP8266, which
processes the sensor data and communicates the
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occupancy status to a central server via Wi-Fi. The
server hosts a web application developed using HTML,
CSS, and JavaScript, providing users with a visual
representation of the parking lot, where each slot is
color-coded to indicate its status—green for vacant
and red for occupied.

WebSocket technology is employed to facilitate
real-time updates, ensuring that any change in slot
occupancy is immediately reflected on the user
interface. Additionally, a QR code system is
implemented at the parking lot entrance, allowing
users to scan and register their vehicle details, which
aids in slot assignment and monitoring. This integrated
approach ensures efficient utilization of parking
spaces, reduces the time spent searching for available
slots, and enhances the overall parking experience.
(Fig.1,2)

IR Sensors: Detect vehicle presence

LEDs (Red & Green): Indicate occupancy status
Microcontroller: Processes sensor data [Figs 1 and
2].

Wi-Fi Module: Enables web connectivity

Website Dashboard: Displays real-time parking
status

Figure 1: Flow chart of loT-Based Smart Parking
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Fig. 1 The diagram illustrates the workflow of a smart
parking system using IR sensors, microcontrollers, and
real-time web updates. Vehicle presence is detected by
sensors, triggering LED indicators and updating the
central dashboard to reflect slot availability. This
system enhances parking efficiency and user
experience through automation and live monitoring,.

Figure 2: Hardware Architecture of Smart Parking
System Using loT

Fig. 2. This diagram presents the hardware integration
of a smart parking system using IoT components such
as microcontrollers, IR sensors, Wi-Fi modules, and
indicator LEDs. It showcases the data flow from sensor

detection to cloud-based updates, enabling real-time
slot monitoring, automated vehicle detection, and
intelligent control for efficient parking space
utilization.

Results and Discussions

The system was tested in a controlled environment
with multiple parking slots. The IR sensors accurately
detected vehicles, and the LED indicators responded
promptly. Real-time updates on the website functioned
seamlessly, providing users with instant parking slot
information. The implementation demonstrated
increased efficiency, reduced search time for parking,
and minimized congestion [8].

To help automobiles find the closest parking spots,
give updated data on traffic congestion, and
recommend alternate routes to the SPS facility, [9]
built an SPS system that utilized IoT technologies. The
amount of data required for cloud-based analysis was
reduced by using fog computing techniques to improve
data transport and processing efficiency.

Review Stage

Before finalizing our Smart Parking Lot Helper, we
carefully assess its functionality, efficiency, and real-
world effectiveness. Our main goal was to ensure that
the IR sensors accurately detect vehicles, the LED
indicators provide immediate feedback, and the web
interface updates in real time without delays. We put
our system through various test scenarios to confirm
that the sensor responsiveness, data transmission, and
overall user experience meet expectations.

To ensure our project meets high technical and
ethical standards, we verified that our work is original,
properly cited, and follows industry best practices [10,
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11]. By implementing these improvements based on
constructive feedback, we aim to develop a reliable and
efficient parking system that can be seamlessly
integrated into smart city infrastructures. The Smart
Parking Lot Helper undergoes a rigorous review
process to ensure its functionality, efficiency, and
technical accuracy. The system's ability to detect
vehicle presence using IR sensors, activate LED
indicators, and update real-time parking status on a
website is critically examined. We evaluated factors
such as sensor responsiveness, data transmission
reliability, and web interface effectiveness.

Final Stage

After making necessary adjustments from the review
stage, we finalize our Smart Parking Lot Helper with a
complete, well-documented version. At this point, our
focus is on making sure the entire system, from IR
sensors and LED indicators to the web interface,
functions smoothly and efficiently.

We conducted final performance tests, ensuring that
the sensors work under different lighting and
environmental conditions, the microcontroller
processes signals correctly, and the real-time updates
on the website are accurate and user-friendly. We also
analysed the power consumption of our components to
ensure energy efficiency, which is crucial for large-
scale deployment.

Additionally, we emphasized the practical
applications of our system, discussing how it can be
expanded to support mobile applications, integrate
with automated payment methods, or even be scaled
for larger parking areas. This final submission not only
validates our project’s technical aspects but also
highlights its potential impact in improving urban
parking systems and reducing congestion. Once the
system meets all review criteria, the final submission
focuses on comprehensive documentation of the
project. The final version included detailed insights
into IR sensor precision, LED signalling logic,
microcontroller programming, and the effectiveness of
real-time web updates [Fig. 3].

All components of the Smart Parking Lot Helper
work seamlessly under various parking conditions.
Testing data, power consumption efficiency, and
scalability for larger parking facilities should be
emphasized. A well-documented final submission
improves the chances of successful implementation
and recognition in urban infrastructure advancements
[Table 1].

Future enhancements may include integrating a
mobile  application  for  better  accessibility,
incorporating Al-based predictive analytics for parking
demand forecasting, and implementing automated
payment systems for a fully autonomous experience.
Additionally, we plan to introduce a ticket booking
system that allows users to reserve parking spots in
advance, reducing the hassle of finding a space upon
arrival.

Figure 3: Arduino-Based IoT Architecture for Smart
Parking System
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Fig. 3. This schematic illustrates a smart parking
system using Arduino Mega and Uno boards, IR
sensors, and Wi-Fi modules for real-time
communication. Each parking slot is equipped with
sensors and LED indicators to detect vehicle presence
and relay data to the central system via wireless
communication, enabling automated and efficient
parking space management.

Another key improvement is the integration of FASTag
for automated payment processing. This would enable
seamless transactions without requiring manual
intervention, ensuring a quicker and more efficient
parking experience. By leveraging these advancements,
the Smart Parking Lot Helper can further enhance
urban mobility and contribute to the development of
smart city infrastructure.

Table 1: Core Elements of the Smart Parking System
Project
Project Elements Smart Parking Lot Helper

To develop an automated smart parking
system using IR sensors, LED

Objective indicators, and a web-based interface to
optimize parking space utilization.
Technology Used IoT, Al, Embedded Systems

IR Sensors, LEDs (Red & Green),
Microcontroller, Wi-Fi Module, Power
Supply, Website Interface
IR sensors detect vehicle presence,
triggering LED indicators and updating
the web-based dashboard in real time.
- Real-time parking status updates- LED
indicators for slot availability- Web-
based monitoring system- Automated
fee deduction with FASTag integration-
Ticket booking system for reservations

Components Used

Working Principle

Features
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Future enhancements may include integrating a mobile
application for better accessibility, incorporating Al-
based predictive analytics for parking demand
forecasting, and implementing automated payment
systems for a fully autonomous experience.

Table 1: This table provides a concise overview of
the fundamental components of the Smart Parking
System project, including its objectives, guiding
principles, system architecture, hardware and software
components, and implementation strategy. Each
element is summarized to highlight its role and
contribution to the overall effectiveness and efficiency
of the intelligent parking solution.

Conclusion

The Smart Parking Lot Helper offers a comprehensive
solution to modern parking challenges by integrating
[oT, Al, and automation. This system enhances
efficiency, reduces congestion, and contributes to
sustainable urban development. Future work will
explore the scalability of this solution in large-scale
smart city projects. This structured, programmed
smart parking system is fundamental, monetary, and
gives a powerful answer to reducing environmental
carbon emissions.
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