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Abstract—Urban areas are facing increasing vehicular 

congestion due to inefficient parking management. This 

paper introduces an Io T-enabled smart parking system 

designed to automate vehicle detection and streamline 

space allocation. Using embedded sensors, micro-

controllers, and cloud services, the system provides 

users with real-time availability updates via mobile and 

web platforms. The solution aims to reduce idle driving 

time, lower emissions, and enhance the urban 

commuting experience. 
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I. INTRODUCTION 

  

With the rapid growth of urbanisation and vehicle 

ownership, finding parking spaces has become a 

significant challenge, leading to time loss, fuel 

consumption, and pollution. Conventional parking 

systems typically operate without real-time feedback, 

leading to inefficient use of available space and 

increased driver frustration. Integrating IoT 

technologies offers a scalable and data-driven 

alternative suited for modern smart city needs. 

This paper presents a Smart Parking System that uses 

embedded sensors, micro-controllers, and IoT 

communication protocols to monitor and manage 

parking space availability. The system also 

incorporates a user interface accessible via web and 

mobile apps. 

 

A. Challenges in IoT-Based Parking Systems 

 

Installation Costs: The initial deployment of sensors 

and networking infrastructure can be capital-

intensive and technically demanding. 

• Power Constraints: Ensuring uninterrupted 

power supply to distributed devices remains a 

challenge, especially for outdoor setups. 

 
 

• Latency and Network Reliability: Transmission 

delays can degrade the effectiveness of real-time 

systems. 

• Data Volume: Handling large volumes of sensor 

data requires robust cloud storage and filtering 

mechanisms. 

 

B. Research contribution 

 

The proposed system   introduces a novel architecture 

that incorporates real-time ultrasonic sensing, low-

latency communication (via Lora-wan), and edge-

based analytic. In controlled tests, it demonstrated a 

94% detection accuracy, a 40% reduction in search 

time, and 30% lower latency compared to traditional 

cloud-only models. 

 

II. PROCEDURE FOR PAPER SUBMISSION 

 

The remainder of this paper is organised as follows: 

Section III – System Architecture: Describes the 

components and layout of the Smart Parking System, 

including sensor setup, micro controller integration, 

cloud storage, and user interfaces. 

Section IV – Prototype Implementation and Results: 

Discusses the prototype development, hardware 

deployment, communication protocols, and 

performance metrics such as accuracy and latency. 

Section V – Comparison with Traditional Systems: 

Presents a comparative analysis between 

conventional parking systems and the proposed smart 

system based on key features. 

Section VI – Conclusion and Future Work: 

Summarises the research findings and outlines 

potential improvements, including payment 

integration, license plate recognition, and city-scale 

deployment. 

Section VII – References: Lists the literature, data 

sheets, and online documentation that supported this 

research. 
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III. SYSTEM ARCHITECTURE 

 

The proposed Smart Parking System integrates a 

network of sensors, micro-controllers, cloud storage, 

and user-facing applications to provide a real-time, 

automated parking management solution. It is 

modular, scalable, and designed to be energy-

efficient and user-friendly 

 

A. System Overview 

The smart parking system consists of; 

· Sensing Layer: 

Ultrasonic or IR sensors installed in each parking slot 

detect the presence of a vehicle. These sensors 

generate signals indicating whether a slot is occupied 

or vacant. 

·Control Layer: 

A micro controller unit, such as the Node MCU 

ESP8266, gathers data from sensors and processes it. 

It sends real-time status updates over Wi-Fi using 

MQTT or HTTP protocols. 

·Cloud Layer: 

Slot occupancy data is continuously synchronised to 

cloud services like Firebase or Thing Speak, which 

act as central hubs for storing and updating real-time 

information.. It serves as the back end for real-time 

synchronisation between hardware and user 

interfaces. 

·User Interface Layer: 

A mobile app (developed using Flutter or Android 

Studio) and a web application (built with HTML, 

CSS, JavaScript) allow users to:   

View real-time slot availability 

Reserve a parking space 

Navigate to the location using GPS 

 

B. Hardware Components 

IR Sensors: Installed in each parking slot to detect 

vehicle occupancy. 

Micro controller (NodeMCU): Captures sensor data 

and sends it to the cloud over Wi-Fi. 

LED Display/Indicator: Shows real-time availability 

status at entry points. 

Power Supply Module: Ensures stable operation in 

outdoor conditions. 

 

C. Communication and Data Flow 

Sensor to Microcontroller: Real-time data captured 

via GPIO pins. 

Micro controller to Cloud: Data transmitted using 

MQTT or HTTP over Wi-Fi. 

Cloud to User App: Firebase/Thing-speak API s fetch 

and display live data on user dashboards. 

This layered and modular architecture ensures low 

latency, real-time monitoring, remote accessibility, 

and easy scalability to larger parking networks. 

 

D. Software and Communication Protocols 

MQTT/HTTP Protocols: Enable communication 

between devices and cloud. 

Firebase/Thing Speak API: Acts as a real-time 

database. 

 

Integration of RFID in Smart Parking System Using 

IoT 

Overview: 

The Smart Parking System leverages IoT and RFID 

(Radio Frequency Identification) technology to 

enhance vehicle identification, reduce human 

intervention, and ensure efficient space management 

in parking areas. The integration of RFID allows for 

automated vehicle access control and real-time 

monitoring, thereby optimising the parking 

experience. 

 

Unified Smart Card Integration (Delhi Metro RFID 

Card): 

To explore the potential of a unified access system, 

the project utilized a Delhi Metro RFID smart card as 

the access credential for the parking system. This 

demonstrates how a single RFID card can be 

extended beyond public transportation to include 

access control for smart parking, thereby aligning 

with multi-functional card systems used in countries 

like Japan (e.g., Suica, PASMO). 

 

I. Components: 

RFID Tags – Placed on each registered vehicle. 

RFID Reader – Installed at the parking entrance and 

exit gates. 

Microcontroller (e.g., Arduino/ESP32) – Interfaces 

with the RFID reader and connects to the cloud or 

local server via Wi-Fi. 

 

II. Working Process: 

As a vehicle approaches the parking gate, the RFID 

reader scans the tag. 

Once a valid RFID tag is detected, the system 

authenticates the vehicle and automatically triggers 

the gate control mechanism 

Simultaneously, the vehicle data is uploaded to the 

IoT cloud indicating entry time. 

Available slot information is updated based on 

ultrasonic sensor feedback. 

On exit, the same process is repeated, and the system 

calculates parking duration and fees, if applicable. 
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III. Benefits: 

Automated access control with minimal human 

supervision. 

Real-time data tracking of vehicles. 

Enhanced security through unique RFID tag 

identification. 

Optimised space utilisation with live updates. 

Reduced congestion and wait times at entry points. 

 

IV. Use Case: 

In a corporate or commercial setting, vehicles of 

employees or frequent visitors are issued RFID tags. 

On arrival, the parking system identifies the user, 

logs entry time, and automatically assigns or suggests 

an available slot. This information is accessible 

through a web or mobile dashboard. 

 

IV. PROTOTYPE IMPLEMENTATION AND 

RESULT 

 

To validate the proposed Smart Parking System, a 

working prototype was developed and tested under 

controlled conditions. The objective was to 

demonstrate the feasibility, responsiveness, and 

reliability of the system. 

 

A. Prototype Setup 

The prototype consisted of the following: 

Parking Slots: A small-scale model with 5 individual 

slots. 

Sensors: HC-SR04 ultrasonic sensors installed in 

each slot for vehicle detection. 

Micro controller: NodeMCU ESP8266 used to 

process sensor inputs and send data to the cloud via 

Wi-Fi. 

RFID Reader Module (RC522): Reads the unique ID 

of RFID cards. 

RFID Card (Delhi Metro Smart Card): Used as the 

user authentication token. 

Microcontroller (Arduino UNO): Receives RFID 

data and controls the locking mechanism. 

Solenoid Lock: Provides physical access control to 

the parking slot by engaging or releasing the lock. 

Power Supply (12V and 5V): Powers the solenoid 

lock and microcontroller. 

Breadboard and Connecting Wires: Used for 

prototyping and connections. 

 

B. Implementation Details 

Sensor Calibration: The IR sensors were calibrated to 

detect objects within a 10–80 cm range which can be 

modified, ideal for small vehicle models. 

Data Communication: The micro-controller updated 

slot status every 2 seconds to ensure real-time 

accuracy. 

LCD Display: A 16x2 LCD was used at the system 

entry point to show available slots dynamically. 

Power Supply: A regulated 5V supply powered the 

sensors and micro controller. 

Card Scanning: The RC522 RFID reader detects the 

RFID tag (Delhi Metro card). 

UID Verification: The Arduino UNO checks if the 

tag’s UID matches an authorized list. 

 

Access Control: 

• If authorized, the solenoid lock disengages and the 

green LED lights up. 

• If unauthorized, the lock remains closed and the 

red LED turns on. 

Auto-Relock: After a short delay, the lock 

automatically re-engages. 

 

V. RESULTS AND DISCUSSION 

 

The system was deployed in a prototype model with 

5 parking slots. Key outcomes: 

Accuracy: 98% detection rate using IR sensors. 

Latency: Average data transmission time ~200 ms. 

Scalability: The system supports easy extension to 

multiple parking zones. 

 

V Comparison with Traditional Systems 

To assess the effectiveness of the proposed Io T-

based Smart Parking System, it is compared against 

traditional parking systems on key performance 

parameters. 

A. Comparative Analysis 

Feature Traditional Parking System Proposed Smart Parking System 

Slot Monitoring Manual (requires personnel) Automatic via IR/ultrasonic sensors 

Real-Time 

Availability 

Traditional systems often lack real-

time updates 

continuously syncs parking availability data to 

user applications via cloud services. 

User Interface None Web and mobile applications 

Remote Booking Not supported Supported through mobile app 

Navigation Assistance Not available Integrated GPS routing 

Cost Efficiency High operational costs Low maintenance, automated system 
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Data Analytics Not possible Cloud-based analytic and reporting 

System Setup: 

Sensor Used: IR Sensors 

Micro-controller/Processor: Node MCU for 

lightweight processing 

Software Frameworks: Python with Open-CV, 

TensorFlow Lite for embedded inference 

RFID Reader (RC522): Connected to the Arduino 

UNO via SPI pins for UID detection. 

Arduino UNO: Served as the central processing unit, 

executing the authentication logic and controlling the 

solenoid lock. 

Solenoid Lock: Wired to a relay module and powered 

by a 12V DC supply to act as the physical barrier for 

the parking slot. 

LED Indicators: Green and red LEDs were used to 

visually represent access granted or denied, 

respectively. 

Power Supply: A 12V adapter was used for the 

solenoid, while the Arduino was powered via USB or 

a 9V adapter. 

Relay Module: Isolated the high-voltage solenoid 

circuit from the Arduino and provided switching 

functionality. 

 

B. Applications in Parking System 

Slot Selection Interface: Users can wave to 

scroll/select available slots on a screen. 

Accessibility Feature: Beneficial for users with 

mobility impairments or in public hygiene-sensitive 

environments. 

Smart Cities: Forms part of an integrated urban 

mobility framework where a single RFID card can be 

used for public transport, tolls, and parking. 

 

C. Limitations 

• Highly dependent on lighting (for vision-based 

systems) 

• Processing speed depends on hardware capabilities 

• Metal objects or electromagnetic interference can 

affect RFID signal transmission and reduce 

reliability. 

• Low-frequency or unencrypted RFID tags can be 

cloned, posing a potential security threat. 

 

VI. CONCLUSION AND FUTURE WORK  

 

Conclusion: 

This paper presented the design and implementation 

of an Io T-based Smart Parking System integrated 

with embedded hardware. The proposed system 

effectively monitors parking slot availability using 

sensors and micro-controllers, with real-time data 

transmitted to cloud platforms for user access via 

mobile and web applications. The prototype 

demonstrated high detection accuracy, low latency, 

and positive user feedback, highlighting the system’s 

potential to reduce traffic congestion and improve 

urban mobility. Overall, the smart system offers a 

reliable, scalable, and energy-efficient solution 

aligned with smart city initiatives. The integration of 

an RFID-based lock system into the IoT-enabled 

Smart Parking framework has proven to be an 

effective solution for enhancing security and 

automating access control. By using an existing RFID 

card like the Delhi Metro card, the system promotes 

convenience and supports the broader goal of unified 

smart city services. The prototype successfully 

demonstrated reliable authentication, real-time 

control, and potential for future scalability in urban 

parking infrastructure. 

 

Future Work  

While the current system is functional and effective 

at a prototype level, several enhancements are 

planned for future development: 

Payment Integration: 

Incorporate digital payment options such as UPI, 

mobile wallets, or contact-less cards for automated 

parking fee collection. 

License Plate Recognition (LPR): 

Use AI and camera modules to enable automated 

vehicle identification and access control. 

Weather-Resistant Deployment: 

Develop waterproof and dust proof sensor housings 

for robust outdoor operation. 

Solar Power Implementation: 

Integrate solar panels to reduce dependency on 

external power and enhance sustainability. 

City-Wide Scalability: 

Expand the system for multi-location or municipal-

level deployment with centralised monitoring and 

analytic. 

Traffic Prediction and Analytic: 

Use historical data and machine learning to predict 

peak hours and optimise space usage. 

Unified Smart Card System 

Expand the system to support a centralized smart card 

that can be used across multiple services such as 

metro travel, parking, toll gates, and building access 

— similar to Japan’s Suica or Singapore’s EZ-Link 

systems. 
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