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Abstract: In today’s fast-paced urban life, the increasing number of vehicles has led to a critical demand for efficient parking
solutions. This project proposes a Smart Parking System that integrates loT (Internet of Things) technologies with a web-based
interface to streamline the process of finding and managing parking spaces in real time. The system consists of IR or ultrasonic
sensors placed in individual parking slots to detect vehicle presence. These sensors are connected to a microcontroller (such as
Arduino or NodeMCU which processes the input and updates the parking status. The data is then transmitted to a central web server
or cloud platform. A user-friendly website/app interface built using HTML, CSS, and Bootstrap displays the live status of available
parking slots. Users can check slot availability remotely and reserve slots if required. The admin panel allows system operators to
monitor slot usage and manage operations efficiently. This solution reduces the time spent looking for parking, minimizes fuel
consumption, and contributes to reducing urban traffic congestion. The system can be extended with features like automatic
payment, mobile alerts, and camera-based license plate recognition for enhanced functionality. The Smart Parking System
demonstrates a practical implementation of embedded systems, [oT communication, and web development to solve real-world
problems in a scalable and cost-effective manner.

Index Terms — NodeMCU, Ultrasonic Sensor, IR Sensor, Real-time Monitoring, Web Application, Automation, Vehicle
Detection, Cloud Integration etc.

LINTRODUCTION

In modern urban environments, the increase in population and vehicle ownership has led to significant challenges in managing
city infrastructure, particularly in the area of parking. One of the most common problems faced by drivers today is the difficulty in
finding available parking spaces in public areas such as malls, office complexes, hospitals, and urban streets [1-3]. Traditional
parking systems typically rely on manual monitoring or ticket-based methods that are inefficient, time-consuming, and prone to
human error. In many cases, drivers circle parking areas repeatedly in search of a vacant space, which increases vehicle emissions
and adds to overall traffic congestion [4]. These issues highlight the urgent need for a smart, automated solution that can improve
parking efficiency and reduce unnecessary road traffic. A smart parking system is an intelligent parking management solution that
uses modern technologies such as the Internet of Things (IoT), sensors, microcontrollers, and wireless communication to monitor
and control parking space availability. The core idea is to automate the process of detecting whether a parking slot is occupied or
vacant and communicate that information to users in real-time via a display system or mobile application. This eliminates the need
for physical searching and manual intervention. The objective of the paper is to design and implement a miniature prototype of a
smart parking system using cost effective electronic components[5]. The system uses ultrasonic sensors to detect the presence of
vehicles in each parking slot. The sensors are connected to a microcontroller (NodeMCU [2]), which processes the data and controls
the output.

The smart parking system prototype can be applied in a wide variety of real-world settings, from commercial buildings to
smart city initiatives. It can be scaled up for large parking lots or integrated with mobile apps, payment systems, and other smart
infrastructure. Moreover, it contributes to environmental sustainability by reducing fuel consumption and emissions associated with
inefficient parking behaviour[6-9].
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Fig.1 Smart parking system block diagram

JETIR2509044 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | a358


http://www.jetir.org/

© 2025 JETIR September, Volume 12, Issue 9 www.jetir.org (ISSN-2349-5162)

Fig.1 illustrates the block diagram of the Smart Parking System, showing NodeMCU, ultrasonic/IR sensors, servo motor barriers,
and the web interface.

II. LITERATURE SURVEY

Smart Parking Systems have emerged as a solution to modern urban parking issues by integrating IoT, embedded systems, cloud
computing, and wireless communication. These systems use sensors to detect vehicle presence, microcontrollers to process data,
and communication modules to provide real-time parking availability to users, reducing search time, traffic congestion, and fuel
wastage. Traditional parking faces major challenges such as lack of real-time data, inefficient space utilization, increased
congestion, environmental impact, security issues, and limited scalability. To address these, researchers have employed
methodologies including experimental prototyping [4] with microcontrollers and sensors, simulations using tools like MATLAB
and Proteus [5], and algorithm development for intelligent slot management and traffic prediction. Case studies and field
deployments have helped evaluate real-world performance, while benchmarking approaches have compared system efficiency
against standard protocols [6]. Control algorithms play a vital role, ranging from basic threshold-based detection to advanced models
like finite state machines (FSMs), time-based logic for billing, slot reservation algorithms, sensor fusion techniques for accuracy,
energy-efficient modes for power saving, and communication protocols [6] for data transmission. Together, these approaches form
the backbone of current smart parking innovations.

ITI. SMART PARKING SYSTEM

Fig.2 Smart Parking System Prototype

Fig.2 depicts the prototype setup of the Smart Parking System with sensors connected to NodeMCU and real-time display modules.
A Smart Parking System is an advanced, technology-driven solution designed to manage and utilize parking spaces more efficiently.
It integrates embedded systems, IoT devices, and sensors such as ultrasonic or infrared to detect the presence of vehicles in each
slot. Microcontrollers (e.g., NodeMCU) process this information and update availability on LCD displays or through mobile/web
applications in real time. Additional features like RFID-based entry tickets, automatic barriers using servo motors, and direction
guidance through apps or LED indicators [8] help drivers easily locate free slots and reduce the time spent searching for parking.
By providing real-time monitoring, automation, and user-friendly interfaces, smart parking reduces traffic congestion, optimizes
space utilization, saves fuel, and enhances overall convenience in multi-level parking complexes, malls, airports, and urban areas.
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Fig.3 Pseudo code flow chart for Node MCU for Fig.4 NodeMCU
Smart parking system

Fig.3 represents the pseudo-code flow chart, explaining the decision-making process of the NodeMCU in identifying slot
availability and updating the system

Fig.4 shows the NodeMCU is an open-source loT platform based on the ESP8266 Wi-Fi module. It includes firmware that runs on
the ESP8266 and a hardware development kit that allows easy prototyping of IoT applications. It supports the LUA scripting
language and can also be programmed using the Arduino IDE, making it beginner-friendly.

IV. RESULTS AND DISCUSSION

The Smart Parking System was successfully implemented using NodeMCU, ultrasonic sensors, IR sensors, RFID modules, servo
motors, and an LCD display. The system accurately detected the availability of parking slots in real-time and displayed the status
both on the LCD and the web interface. The website application provided users with a clear view of empty slots along with floor-
wise availability, which helped in reducing the time required to find a parking space. During testing, the sensors demonstrated
reliable vehicle detection with minimal errors, and the direction guidance on the app/website enabled smooth navigation inside the
parking facility. The LED indicators for slot availability improved user experience by providing instant visual feedback. The system
reduced congestion at entry points, minimized idle time spent searching for parking, and demonstrated significant potential for real-
world deployment in multi-level complexes. Overall, the results showed that the designed Smart Parking System is cost-effective,
scalable, and efficient. However, challenges such as sensor calibration, network latency, and environmental factors (like lighting or
noise interference for sensors) were observed and will need to be optimized in future versions.

V. CONCLUSIONAND FUTURESCOPE

The Smart Parking System developed in this project successfully demonstrated the use of IoT and embedded technologies for
efficient parking management. By integrating ultrasonic and IR sensors for vehicle detection, servo motors for barrier control, and
a web interface for real-time slot availability, the system provided a seamless parking experience. It minimized the time spent
searching for slots, reduced congestion, and improved overall space utilization. The paper proved to be a cost-effective and scalable
solution that can be adapted for multi-level parking lots, shopping malls, airports, and other urban infrastructures. While the system
performed effectively under test conditions, several enhancements can be incorporated to increase its practicality and robustness:

1. Mobile App Integration — A dedicated smart phone app with navigation assistance and online slot booking can improve user
convenience.

2. Payment Automation — Adding features like digital payments (UPI/credit card/wallet) linked with RFID for fully cashless
parking.

3. Cloud Data Storage — Integration with cloud servers for large-scale monitoring, analytics, and predictive slot management.

4. Al-based Prediction — Machine learning algorithms can be implemented to predict peak hours, estimate parking availability,
and optimize traffic flow.

5. Solar Power Support — Incorporating renewable energy for powering sensors and controllers to make the system eco-friendly.

6. Integration with Smart City Framework — Connecting the system with municipal traffic control and smart city loT networks
for large-scale deployment.
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