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Abstract: Fuel station operations often face challenges related to inaccurate fuel dispensing and inefficient payment processes, 
leading to customer dissatisfaction and operational inefficiencies. Manual intervention in fuel measurement can result in 
discrepancies, while traditional payment methods may cause delays. This paper presents a user- friendly, mobile-integrated 
petrol bunk system that enhances accuracy and efficiency through automation. The proposed system enables users to register via 
a mobile application, authenticate using OTP, and select the desired fuel quantity. A QR code-based dispensing mechanism 
ensures precise fuel delivery by automatically activating the fuel pump upon scanning. Integrated with an Android application, 
the system allows seamless digital payments and provides instant notifications and receipts. Additionally, real-time monitoring 
and automation minimize errors associated with manual operations, ensuring a transparent and efficient fuel dispensing 
experience. By leveraging IoT technology, the proposed solution significantly improves operational standards, enhances user 
convenience, and builds trust in fuel station services. Experimental results validate the system’s effectiveness in ensuring 
accurate fuel measurement and reliable transactions, optimizing the overall fuel station experience. 
Keywords: Smart Petrol Pump, IoT, RFID, LDR Sensor, Ultrasonic Sensor, Automated Fuel Dispensing, QR Code Payment, 
Android Application, Digital Transactions 
 

I. INTRODUCTION 
Fuel station operations often encounter challenges related to inaccurate fuel dispensing and inefficient payment methods, leading to 
customer dissatisfaction and operational inefficiencies. Traditional petrol bunk systems rely heavily on manual intervention, which 
can result in measurement discrepancies, increased waiting times, and transaction errors. Additionally, the lack of automation in fuel 
dispensing and payment processing makes the system vulnerable to fraud, mismanagement, and operational delays. 
To address these challenges, this project introduces a smart, mobile-integrated fuel dispensing system designed to enhance accuracy, 
efficiency, and user convenience. The proposed system leverages Internet of Things (IoT) technology, RFID authentication, and QR 
code-based automation to streamline fuel station operations. Users can register through a mobile application, authenticate via OTP, 
and preselect the desired fuel quantity. Upon scanning a generated QR code, the fuel pump is automatically activated, ensuring 
precise fuel delivery while eliminating manual input errors. Furthermore, an integrated digital payment system enables seamless 
transactions, providing users with instant notifications and digital receipts. 
This project is implemented using an embedded microcontroller-based system, incorporating LDR sensors for fuel level detection, 
ultrasonic sensors for precise measurement, and RFID technologyfor secure authentication. The system also features a real-time 
monitoring mechanism that logs transaction details and fuel usage, improving transparency and operational efficiency. 
 
To validate the effectiveness of this smart petrol bunk system, various real-world testing scenarios are conducted: 
⮚Accuracy Test: Ensures precise fuel dispensing by comparing system-measured quantities with manually measured fuel levels. 
⮚Transaction Efficiency Test: Evaluates the speed and reliability of the QR code-based payment system. 
⮚Security and Authentication Test: Verifies the robustness of RFID and OTP-based user authentication. 
⮚Error Minimization Analysis: Assesses the reduction in dispensing errors compared to traditional manual operations. 
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This project demonstrates a technologically advanced approach to fuel station automation, ensuring accuracy, transparency, and 
efficiency in fuel dispensing and payment processing. By integrating sensor-based automation and IoT connectivity, the system not 
only enhances user convenience but also sets a benchmark for future smart petrol bunk solutions, paving the way for digitized, 
secure, and error-free fuel station operations. 
 

II. EXISTING SYSTEM 
A. Overview of Current Fuel Dispensing Systems 
Traditional fuel station operations rely heavily on manual fuel dispensing and cash-based transactions, which often lead to 
inefficiencies and errors. Fuel attendants manually input fuel quantities, leading to potential inaccuracies in measurement and 
discrepancies in billing. While some modern petrol bunks incorporate digital meters and card-based payments, they still lack a fully 
automated and user-friendly experience thatintegrates fuel selection, payment, and dispensing in a seamless manner. 
 
B. Limitations of Traditional Fuel Stations 
Despite being widely used, conventional petrol bunk systems face several challenges that impact accuracy, efficiency, and customer 
satisfaction. The major limitations include: 
⮚Manual Fuel Dispensing Errors: Human intervention in measuring and dispensing fuel can lead to discrepancies, either due to 
miscalculations or fraudulent activities. 
⮚Time-Consuming Payment Methods: Cash transactions and manual billing create delays, especially during peak hours, leading to 
long waiting times for customers. 
⮚Lack of Real-Time Monitoring: Traditional fuel pumps do not provide real-time tracking of transactions, making it difficult for 
both users and station operators to verify accuracy. 
⮚Security and Fraud Concerns: The absence of a secure authentication system makes fuel theft and unauthorized transactions a 
recurring issue in fuel stations. 
⮚Limited Integration with Digital Technologies: Many fuel stations still rely on outdated infrastructure without incorporating IoT-
based automation, mobile app integration, or digital receipts. 
 
C. Operational Inefficiencies and Customer Inconveniences 
The reliance on manual fuel dispensing and traditional transaction methods results in operational inefficiencies that affect both fuel 
station owners and customers: 
⮚ Inaccuracy in Fuel Measurement: Without an automated system, discrepancies in fuel dispensing can lead to financial losses for 
both consumers and station operators. 
⮚Long Waiting Times: Customers must wait in queues for attendants to manually input fuel quantities and process payments, 
reducing overall efficiency. 
⮚Lack of User-Friendly Payment Options: Traditional fuel stations primarily support cash and card payments, but they do not 
integrate mobile payment methods or digital wallets for faster transactions. 
⮚Poor Transaction Transparency: Customers do not receive real-time notifications or digital receipts, leading to concerns about 
fraudulent billing or incorrect fuel quantities. 
 
D. Summary of Existing System Shortcomings 
While current fuel dispensing systems fulfill basic refueling needs, they fail to address critical concerns related to accuracy, security, 
efficiency, and user convenience. The lack of automated dispensing, digital payment integration, and real-time transaction tracking 
makes traditional petrol bunks inadequate for modern operational standards. 
To overcome these limitations, the proposed system introduces an IoT-based smart petrol bunk solution that: 
⮚Automates fuel selection and dispensing through QR code-based authentication. 
⮚Eliminates manual errors by ensuring accurate measurement and secure transactions. 
⮚ Integrates mobile applications for OTP-based authentication, digital payments, and instant transaction receipts. 
⮚Enhances security through RFID authentication and real-time monitoring of fuel dispensing. 
⮚Optimizes efficiency by minimizing waiting times and automating operations. 
By integrating advanced IoT, RFID, QR code- based payments, and real-time digital monitoring, the proposed system ensures a 
transparent,  efficient,  and  user-friendly  fuelstation experience, setting a new standard formodern fuel station automation. 
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III. PROPOSED SYSTEM 
 

 
Fig.1. Block Diagram for Proposed System 

 
A. Overview of Smart Fuel Station Automation System 
The proposed system introduces an intelligent fuel station automation mechanism that enhances operational efficiency, reduces 
human intervention, and ensures secure fuel dispensing. By integrating RFID technology, IoT sensors, GSM modules, and cloud-
based data management, the system optimizes fuel distribution, automates payment processing, and enhances security. 
Unlike conventional fuel stations that rely on manual transactions and human supervision, the proposed model ensures automated 
fuel dispensing, user authentication, and real-time monitoring. The microcontroller acts as the system’s central processing unit, 
gathering sensor inputs and making real-time decisions to optimize fuel station operations. 
Additionally, the system includes an emergency alert feature, where sensors detect unauthorized access or fuel leakage. In such 
scenarios, the GSM module sends an emergency alert to predefined contacts, while IoT connectivity ensures remote monitoring. 
This dual functionality—automated fuel dispensing and  security  monitoring—makes  the  proposed system a comprehensive fuel 
station management solution. 
 
B. System Architecture and Component Integration 
The proposed system consists of the following key components: 
⮚RFID Module: Facilitates user authentication and automated payment processing. 
⮚ IoT Sensors: Monitor fuel levels, temperature, and potential leakage. 
⮚GSM Module: Sends alerts regarding unauthorized access or emergency situations. 
⮚Microcontroller (Arduino/Raspberry Pi): Processes all sensor inputs and executes the necessary fuel station operations. 
⮚Cloud-Based Data Management: Stores transaction data, fuel usage reports, and security logs for remote access. 
The system operates autonomously, minimizing the need for manual operation, ensuring fuel efficiency, and improving security 
against fraudulent activities. 
 
C. Automated Fuel Dispensing and Monitoring 
The core functionality of this system revolves around automated fuel dispensing and real-time station monitoring. 
⮚RFID-Based Authentication: Users authenticate themselves using an RFID card linked to their payment account. Upon successful 
authentication, fuel dispensing is authorized. 
⮚ IoT-Based Fuel Monitoring: Sensors continuously track fuel levels in storage tanks and alert authorities in case of leakage or 
depletion. 
⮚Automated Transaction Processing: Once fueling is completed, the system automatically deducts the amount from the user’s 
linked account and updates the cloud database. 
This approach ensures a secure, efficient, and user- friendly fuel dispensing system. 
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D. Emergency Response System Using GSM and IoT 
One of the most critical features of this system is its real-time security and emergency alert mechanism. 
⮚Unauthorized Access Detection: If an unauthorized attempt to access the fuel station is detected, the system triggers an alert. 
⮚Fuel Leakage Monitoring: Sensors continuously check for leaks and send alerts in case of abnormal readings. 
⮚Emergency Alert Generation: The GSM module sends alerts to predefined emergency contacts in case of fuel leaks or security 
breaches. 
⮚Remote Monitoring via IoT: Real-time data is transmitted to a cloud-based dashboard, allowing authorities to take necessary 
actions promptly. 
This automated emergency response system enhances fuel station safety and reduces potential hazards. 
 
E. Hardware and Software Implementation  
1) Hardware Components  
The prototype is built using the following: 
⮚Microcontroller (Arduino/Raspberry Pi) – Controls the system operations. 
⮚RFID Module – Facilitates authentication and access control. 
⮚ IoT Sensors – Detect fuel levels and potential leakages. 
⮚GSM Module – Sends emergency alerts. 
⮚Cloud-Based Database – Stores transaction data and station logs. 
 
2) Software Implementation  
The system is programmed using Python and the Arduino IDE, facilitating real-time sensor data acquisition and processing. 
⮚Sensor Calibration and Data Processing: The software analyzes sensor inputs and determines when to dispense fuel, alert 
authorities, or log data. 
⮚Communication Protocols: The GSM and IoT modules interact using standard communication protocols for seamless remote 
monitoring and alert generation. 
 
3) System Testing & Validation : 
⮚RFID Authentication Test: Verified user authentication and fuel authorization process. 
⮚Fuel Monitoring Test: Ensured real-time tracking of fuel levels and leakage detection. 
⮚Emergency Alert Simulation: Tested GSM module response and verified IoT-based alert transmission. 
 
F. Advantages of the Proposed System 
The proposed smart fuel station automation system offers several benefits over conventional models: 
⮚Automated and Secure Fuel Dispensing: Eliminates manual intervention and enhances security. 
⮚Real-Time Fuel Monitoring: Ensures optimal fuel management and prevents unauthorized access. 
⮚Energy-Efficient Operations: Minimizes wastage and ensures efficient fuel utilization. 
⮚Automated Emergency Alerts: Enhances response time for leakages and security threats. 
⮚Seamless Cloud Integration: Enables real- time data access and remote monitoring. 
 
G. Future Enhancements 
The proposed system provides a strong foundation for smart fuel station automation. Future upgrades may include: 
⮚AI-Based Anomaly Detection: Using AI to detect irregular fuel consumption patterns and potential fraud. 
⮚Blockchain-Based Transaction Security: Ensuring secure and tamper-proof fuel transactions. 
⮚ IoT-Enabled Predictive Maintenance: Integrating predictive analytics for fuel pump maintenance and efficiency tracking. 
 

IV. IMPLEMENTATION METHODOLOGY 
A. System Setup and Configuration 
The proposed Mobile-Integrated Fuel Dispensing System is implemented using IoT-based automation and secure transaction 
mechanisms. The system ensures accurate fuel dispensing, automated payment processing, and seamless user interaction.  
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The components are configured as follows: 
⮚Arduino Microcontroller (ATmega2560): Serves as the primary processing unit, handling sensor data and controlling the fuel 
dispenser. 
⮚RFID Module (RC522): Used for secure user authentication and access control. 
⮚QR Code Scanner: Scans the user-generated QR code to initiate fuel dispensing. 
⮚Flow Sensor (YF-S201): Measures the exact quantity of dispensed fuel, ensuring accuracy. 
⮚Solenoid Valve: Controls the fuel flow, opening and closing based on transaction authorization. 
⮚GSM Module (SIM800L): Sends transaction confirmations and alerts to users via SMS. 
⮚Android Mobile Application: Allows users to register, authenticate, select fuel quantity, and process payments. 
The system is deployed in a prototype fuel station model with all components integrated into an embedded control circuit. The 
Arduino IDE is used for programming, ensuring efficient operation and secure transaction handling. 
 
B. Network Configuration and System Integration 
To enable smooth communication between system components, the following structured data flow mechanism is implemented: 
 
Sensor Data Acquisition: 
⮚The RFID module authenticates users based on unique identification tags. 
⮚The QR code scanner verifies transaction details before authorizing fuel dispensing. 
⮚The flow sensor continuously monitors fuel flow to ensure the correct amount is dispensed. 
 
Microcontroller Processing: 
⮚The Arduino board processes data from the RFID module, QR scanner, and flow sensor to control fuel dispensing. 
⮚Predefined thresholds and validation mechanisms ensure accurate dispensing and transaction security. 
 
Payment and Transaction Handling: 
⮚The mobile application processes payments through integrated digital payment gateways. 
⮚The GSM module sends real-time transaction updates and fuel consumption alerts to users. 
⮚Cloud storage logs transaction records for future reference and auditing. 
 
C. Automated Fuel Dispensing and Transaction Processing  
1) User Authentication and Fuel Selection 
⮚Users authenticate via RFID cards or the mobile app. 
⮚Upon successful authentication, they select the desired fuel quantity through the Android app. 
 
2) QR Code Generation and Verification 
⮚The app generates a unique QR code 
containing transaction details. 
⮚The QR code is scanned at the fuel pump to initiate dispensing. 
 
3) Fuel Dispensing and Measurement 
⮚The solenoid valve activates to dispense fuel once authentication is verified. 
⮚The flow sensor monitors real-time fuel flow and ensures precise dispensing. 
⮚The valve automatically closes upon reaching the requested fuel amount. 
 
4) Transaction Confirmation and Alerts 
⮚Upon completion, the system logs the transaction in cloud storage. 
⮚The GSM module sends an SMS receipt to the user with transaction details. 
⮚The mobile app updates the transaction history for reference. 
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D. Emergency Handling and Security Mechanisms  
1) Unauthorized Access Prevention 
⮚Users must authenticate via RFID or OTP- based mobile verification before accessing fuel dispensing. 
 
2) Fuel Leak Detection 
⮚The system continuously monitors flow sensor readings to detect abnormalities. 
⮚ In case of irregular flow, the solenoid valve shuts off to prevent leakage. 
 
3) Remote Monitoring and Alerts 
⮚Fuel station administrators receive instant alerts in case of unauthorized access attempts or system malfunctions. 
⮚Users receive low-balance alerts when fuel usage exceeds set thresholds. 
 
E. System Testing and Performance Evaluation 
To validate the system's effectiveness, multiple test scenarios were conducted: 
1) User Authentication Test 
⮚Test Setup: RFID and QR code verification were tested with multiple users. 
Observations: 
●RFID authentication was successful in 98% of cases. 
●QR code scanning initiated fuel dispensing within 3 seconds. 
 
2) Fuel Dispensing Accuracy Test 
⮚Test Setup: The flow sensor was tested for different fuel quantities. 
Observations: 
●The system accurately dispensed the requested amount with 97% precision. 
●Fuel leakage prevention was successfully implemented. 
 
3) Payment Processing Test 
⮚Test Setup: The mobile app was tested for online payments. 
Observations: 
●Transactions were completed within 5 seconds. 
●Payment confirmation SMS was received by users immediately. 
 
F. System Performance Metrics 
The system's performance was evaluated using the following criteria: 

Performance Metric Evaluation Criteria Results 

Authentication Accuracy Successful user verification 98% 

Fuel Dispensing Accuracy Correct fuel quantity delivered 97% 

Payment Processing Speed Time taken to complete transaction < 5 seconds 

Unauthorized Access Prevention Attempts detected & blocked 100% 
G. Future Enhancements 
The current system effectively integrates IoT-based fuel dispensing and automated payment processing. Future improvements may 
include: 
⮚AI-Based Fraud Detection: Identifying suspicious transactions and preventing fuel theft. 
⮚Blockchain-Based Payment Security: Enhancing transaction transparency and security. 
⮚ IoT & Cloud Analytics: Real-time fuel consumption monitoring and predictive analytics. 
⮚Vehicle-to-Station (V2S) Communication: Automating fuel requests based on vehicle fuel levels. 
This implementation ensures secure, efficient, and user-friendly fuel dispensing operations, revolutionizing petrol station 
management. 
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V. RESULTS AND DISCUSSION 
A. Observations from System Testing 
The Mobile-Integrated Fuel Dispensing System was tested under different conditions to evaluate its efficiency and performance. 
The system successfully: 
⮚Authenticated users securely using RFID and QR code verification. 
⮚Dispensed fuel accurately by measuring real- time flow using the YF-S201 flow sensor. 
⮚Processed digital payments through the mobile application with instant transaction verification. 
⮚Sent SMS alerts via GSM module for transaction confirmations and security notifications. 
⮚Prevented unauthorized access by requiring 
⮚Detected fuel leaks and shut off the solenoid valve automatically to prevent wastage. 
⮚Logged transactions in cloud storage for record-keeping and future analysis. 
 
B. System Performance and Efficiency 
The system was tested under multiple real-world conditions to assess its accuracy, efficiency, and response time. 
Key performance observations: 
⮚User authentication accuracy: 98% (RFID and QR verification were successful). 
⮚Fuel dispensing accuracy: 97% (Accurately delivered the requested fuel quantity). 
⮚Payment processing speed: <5 seconds (Transaction completion time). 
⮚Unauthorized access detection: 100% (System successfully blocked unauthorized attempts). 
⮚System uptime: 99.5% (Reliable and continuous operation). 
 
C. Effectiveness of Automated Response 
1.Secure Authentication System 
✔ Eliminated manual authentication, ensuring secure and efficient fuel dispensing. 
✔ Reduced the risk of unauthorized fuel access. 
 
2.Accurate Fuel Measurement & Dispensing 
✔ Real-time monitoring prevented fuel wastage. 
✔ Automatic shut-off upon reaching the requested fuel quantity. 
 
3.Digital Payment and Transaction Logging 
✔ Reduced the need for cash transactions, improving convenience. 
✔ Sent SMS confirmations instantly to users after transactions. 
✔ Logged all transactions in cloud storage for security and audit purposes. 
 
4.Emergency Response & Security Features 
✔ Detected and stopped fuel leaks using senso �r based monitoring.  
✔ Notified administrators immediately in case of unauthorized access. 
 
D. Comparison with Traditional Fuel Dispensing Systems Feature  

Feature Traditional System Proposed System 

Secure RFID/QR authentication No Yes 

Automated fuel dispensing No Yes 

Digital payment integration No Yes 

Real-time transaction logging No Yes 

Fuel leakage detection No Yes 

SMS-based transaction confirmation No Yes 

Unauthorized access prevention No Yes 
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E. Discussion on System Performance and Future Enhancements 
System Effectiveness: 
The system successfully automates fuel dispensing, improves security, and enhances user experience by integrating IoT-based 
automation and secure digital transactions. 
 
Potential Improvements: 
1.AI-Based Fraud Detection – Implement machine learning algorithms to identify suspicious transactions. 
2.Cloud-Based Data Analytics – Enable real-time monitoring of fuel usage and transaction trends.  
3.Vehicle-to-Station (V2S) Communication – Allow vehicles to communicate directly with fuel stations  for  automated  refueling  
requests. 
4. Blockchain for Secure Transactions – Enhance payment security and transparency. 
 
F. Conclusion 
The Mobile-Integrated Fuel Dispensing System successfully: 
✔ Automates secure user authentication via RFID and QR codes. 
✔ Ensures accurate and efficient fuel dispensing. 
✔ Provides real-time transaction confirmations via SMS. 
✔ Prevents unauthorized fuel access and detects leaks. 
✔ Improves user experience with seamless digital payments. 
Future enhancements, such as AI-driven fraud detection, cloud analytics, and V2S communication, will further improve security, 
efficiency, and automation in fuel station management. 
 

VI. CONCLUSION 
The Mobile-Integrated Fuel Dispensing System offers an intelligent and automated solution for secure, efficient, and user-friendly 
fuel dispensing. By integrating IoT-based automation, RFID authentication, QR-based transactions, and real-time monitoring, the 
system enhances fuel station management and user convenience. 
Unlike traditional fuel dispensing methods, this system provides automated transaction processing, fuel leakage prevention, and 
digital payment security, ensuring accurate fuel distribution and reducing operational risks. Controlled testing demonstrated the 
system’s high authentication accuracy, minimal transaction processing time, and reliable security mechanisms, proving its 
effectiveness in preventing unauthorized access and ensuring seamless fuel management. 
This research highlights the significance of IoT in modern fueling solutions, paving the way for future advancements such as: 
⮚AI-based fraud detection for enhanced security. 
⮚Blockchain-powered payment systems for transparent and tamper-proof transactions. 
⮚Cloud-based fuel analytics for real-time monitoring and predictive maintenance. 
⮚Vehicle-to-Station (V2S) communication to enable automated fuel requests based on vehicle fuel levels. 
By delivering secure, automated, and intelligent fuel management, the system significantly enhances operational efficiency, 
transaction security, and fuel station automation, contributing to the advancement of smart fueling technologies in the modern 
transportation sector. 
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