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Abstract

The rapid advancement of automation technologies has significantly improved efficiency and
security in fuel dispensing systems. This project presents the design and implementation of an RFID-
based automated petrol pump system aimed at reducing human intervention, minimizing fuel theft,
and ensuring accurate transactions. The system utilizes Radio Frequency Identification (RFID)
technology to authenticate users through uniquely assigned RFID cards linked to their accounts.
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1. Introduction

The introduction provides background information
and outlines the motivation for the present study. It

discusses recent advancements in emerging
technologies and identifies the research gap
addressed in this work. The objectives and

significance of the proposed approach are clearly
stated.

2. Related Work

In today’s fast-paced world, automation has become
essential in improving efficiency, accuracy, and
The fuel
dispensing sector is still largely dependent on
manual operation, which can lead to issues such as
human errors, fuel theft, inaccurate measurement,
and longer waiting times. To overcome these
challenges, the integration of advanced technologies

convenience across various industries.

like Radio Frequency Identification (RFID) offers a
smart and reliable solution.

An RFID-based automated petrol pump system is
designed to enable secure and contactless fuel
dispensing without the need for continuous human
involvement. In this system, each user or vehicle is
equipped with an RFID card containing unique
identification data. When the card is scanned at the
petrol pump, the system authenticates the user and
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allows fuel dispensing based on the available balance
or predefined limits.

The system uses a microcontroller (such as Arduino
or ESP32), an RFID reader, a fuel flow sensor, and
control mechanisms like solenoid valves to automate
the entire process. It ensures accurate fuel delivery,
maintains transaction records, and enhances
transparency. This
beneficial for fleet management systems, corporate

fuel monitoring, and smart city infrastructure.

technology is particularly

Overall, the RFID-based petrol pump system
represents a shift toward intelligent fuel
management by reducing manual dependency,

improving operational efficiency, and providing a
secure and user-friendly experience. Several recent
studies highlight trends and challenges in Automatic
solar tracker using Arduino.

[1] Patil et al. (2018) Developed an RFID-based
petrol pump automation system aimed at minimizing
human intervention in fuel dispensing. Their system
uses RFID tags assigned to users, enabling automatic
identification and authorization before fuel delivery.
This approach significantly reduces manual errors,
prevents access,

operational efficiency in fuel stations.

unauthorized and enhances
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[2] Shinde and Kulkarni (2019) Proposed a prepaid
RFID-enabled fuel management system where users
maintain a balance linked to their RFID card. The
system automatically deducts the fuel cost from the
user’s account during dispensing. This method
improves transparency, reduces transaction time,
and eliminates the need for cash handling, making
the process faster and more secure.

[3] Kumar et al. (2020) Designed an Arduino-based
system integrated with RFID technology to control
fuel dispensing operations. Their model includes
real-time monitoring of fuel flow and automatic
recording of transactions in a database. This ensures
accurate measurement, prevents fuel wastage, and
maintains reliable transaction logs for auditing
purposes.

[4] Reddy et al. (2020) Introduced a smart fuel
management system focusing on preventing fuel
theft and misuse. By implementing RFID
authentication along with automated control
mechanisms, the system restricts to
authorized users only. It also provides alerts and
monitoring features, enhancing security and
accountability in fuel stations..

access

[5] Singh and Verma (2021) Implemented a
contactless fuel dispensing system using RFID
technology to improve user convenience and reduce
waiting time Their
streamlines the fueling process by automating
identification and payment, thereby increasing
efficiency and providing a seamless user experience.

at fuel stations. system

[6] Ahmed et al. (2021) Developed an advanced
RFID-based fuel system integrated with a centralized
database for secure transaction management. The
system stores user data, transaction history, and fuel
usage patterns, enabling better tracking and analysis.
This enhances security, prevents fraud, and supports
efficient fuel station management.

[7] Gupta et al. (2022) Proposed an IoT-based fuel
monitoring system integrated with RFID technology
for real-time tracking and management. Their system
uses sensors and cloud connectivity to continuously
monitor fuel levels, and
transaction details. The integration of 10T enables
remote access to data, allowing administrators to
analyze usage and detect anomalies, thereby

improving efficiency and transparency in fuel

consumption patterns,

management
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[8] Nair and Pillai (2022) Designed a fleet
management system using RFID technology to
monitor fuel usage across multiple vehicles. Each
vehicle is equipped with an RFID tag, enabling
automated identification and fuel allocation. The
system helps in tracking fuel consumption, reducing
misuse, and maintaining detailed records for each
vehicle, making it highly useful for organizations

managing large transportation fleets.

[9] Sharma et al. (2023) Developed a smart petrol
pump system incorporating RFID authentication
along with digital payment methods for complete
automation. The system allows users to authenticate
using RFID cards and make payments through
integrated digital platforms. This reduces manual
intervention, enhances user convenience, and
ensures secure and fast transactions at fuel stations..

[10] Das et al. (2024) Proposed an advanced fuel
management system that combines RFID technology
with cloud computing for remote monitoring and
control. The system enables real-time data storage
and access through cloud servers, allowing operators
to manage fuel dispensing, monitor transactions, and
generate reports from anywhere. This approach
improves scalability, data security, and overall
system reliability.

3. Materials and Methods

3.1. Proposed Methodology

AC SUPPLY

ACPUMP mp

Fig. 1. Block Diagram of RFID based automated petrol
pump
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A. System Architecture

The RFID-based automated petrol pump system is
designed using a centralized embedded architecture
in which a microcontroller, such as Arduino or
ESP32, acts as the main control unit. The system
consists of input components like an RFID reader and
keypad, a processing unit, a database for storing user
information, and output devices such as an LCD
display and a relay-controlled fuel dispensing unit.

When a user scans the RFID card, the reader sends
the unique identification data to the microcontroller,
which verifies it with the stored database.

B. Workflow Description

The workflow of the RFID-based automated petrol
pump system begins when a user arrives at the fuel
station and places the RFID card near the reader. The
RFID reader captures the unique identification
number from the card and sends it to the
microcontroller for verification. The system checks
this ID with the stored database to authenticate the
user. If the card is valid, the system proceeds to the
next step; otherwise, it displays an error message
and denies access.

After successful authentication, the system prompts
the user to enter the required fuel amount or
quantity using a keypad or predefined options. The
microcontroller then checks whether the user has
sufficient balance to complete the transaction. If the
balance is adequate, the system activates the relay or
solenoid valve to start fuel dispensing.

During fuel dispensing, a flow sensor continuously
measures the amount of fuel delivered and sends
real-time data to the microcontroller. Based on this
input, the controller ensures that the exact requested
quantity is dispensed. Once the desired amount is
reached, the system automatically stops the fuel flow
by deactivating the relay.

Finally, the corresponding amount is deducted from
the user’s account, and the transaction details are
updated in the database. The LCD display shows the
fuel dispensed, remaining balance, and confirmation
message. This workflow ensures a smooth, accurate,
and secure fuel dispensing process with minimal
human intervention
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Additionally, the system enhances user convenience
fueling
experience. It minimizes waiting time and reduces

by providing a quick and contactless

dependency on manual operators at the petrol
station. The automated record-keeping helps in
maintaining accurate transaction history for both
users and operators. In case of errors or insufficient
balance, the system immediately alerts the user
through display messages or buzzer indications.
Overall, the workflow efficiency,
transparency, in modern fuel
dispensing systems.

improves

and reliability

C. System Design

The system design of the RFID-based automated
petrol pump integrates multiple hardware and
software modules to ensure secure and accurate fuel
dispensing. It includes an RFID reader for user
identification, a microcontroller (such as Arduino or
ESP32) as the central control unit, a keypad for user
input, and a fuel flow sensor to measure the quantity
of fuel dispensed. The microcontroller processes the
RFID data, verifies the user from the database, and
controls the relay or solenoid valve to start and stop
fuel flow based on the selected amount. An LCD
display is used to show transaction details such as
fuel quantity and remaining balance, while the
database stores user information and transaction
history. This coordinated design enables efficient,
automated, and transparent operation of the petrol
pump system.

D. Arduino Microcontroller

Arduino Microcontroller: The Arduino acts as the
main controller of the solar tracking system. It
processes inputs from LDR sensors, identifies the
direction of maximum sunlight, and generates
control signals to adjust the solar panel. It operates at
5V, is programmed using the Arduino IDE, and is
preferred for its simplicity, flexibility, and low power
consumption in real-time applications. The Arduino
microcontroller is programmed using the Arduino
IDE in embedded C and serves as the core controller
It
responsible for initializing all connected components,
continuously reading analog inputs from LDR
sensors, and comparing light intensity values to

of the automatic solar tracking system. is

determine the direction of maximum sunlight. Based
on these comparisons, it makes real-time decisions
and generates PWM control signals to drive servo or
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DC motors for adjusting the solar panel position. To
improve stability and accuracy, basic thresholding
and filtering techniques are used to avoid
unnecessary  movements by
fluctuations in light readings. The system also
handles simple fault conditions by maintaining the
last stable position when sensor data is unreliable.
Overall, the Arduino ensures smooth coordination
between sensing and actuation for efficient solar
tracking.

caused minor

E. The RFID reader is used to read the unique
identification number from the RFID card. When the
card is placed near the reader, it captures the data
using radio frequency signals and sends it to the
microcontroller for verification. This enables secure
and contactless user identification.

F. RFID Cards/Tags

RFID cards are assigned to each user and contain a
unique ID linked to their account. These cards are
used for authentication at the petrol pump and help
in tracking user transactions and fuel usage without
the need for cash or manual input.

The software and firmware of the RFID-based
automated petrol pump system are responsible for
controlling and coordinating all system operations.
The firmware is developed using Embedded C or the
Arduino IDE and 1is programmed into the
microcontroller (Arduino or ESP32). It handles key
functions such as reading RFID data, authenticating
users, processing keypad inputs, calculating fuel
quantity using flow sensor data, and controlling the
relay and solenoid valve for fuel dispensing. The
software logic also manages balance verification,
automatic deduction, and transaction recording. For
data management, either EEPROM (for local storage)
or a cloud-based database can be used to store user
details history. Additionally,
communication protocols like SPI (for RFID), I2C (for
LCD), and serial communication are implemented for

and transaction

smooth data transfer between components. Overall,
the software and firmware ensure accurate, secure,
and efficient automation of the petrol pump system.

4., Results and Discussion

The developed RFID-based automated petrol pump
system was successfully tested under different
operating The system accurately
authenticated users through RFID cards and allowed

conditions.
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fuel dispensing only for valid users. The fuel flow
sensor provided reliable measurements, ensuring
that the exact quantity of fuel requested by the user
was delivered. The automatic cut-off mechanism
worked effectively, stopping fuel flow precisely when
the desired limit was reached.

During testing, the system demonstrated reduced
human intervention, minimized fuel wastage, and
improved transaction accuracy. The response time of
RFID authentication and system processing was
quick, making the fueling process faster compared to
manual methods. The LCD display provided clear and
real-time information, enhancing user interaction
and transparency.

The final output of the RFID-based automated petrol
pump system demonstrates successful integration of
identification, control, and fuel dispensing
mechanisms. When the user places the RFID card
near the reader, the system authenticates the card
and displays a welcome message on the LCD screen.
The user then enters the required fuel amount using
the keypad, and the system processes the request.
Upon validation of sufficient balance, the pump is
activated, and fuel starts flowing through the pipe
into the container. The LCD continuously displays
real-time information such as fuel dispensed, amount
deducted, and remaining balance.

The system ensures accurate fuel measurement using
the flow sensor and automatically stops dispensing
once the desired quantity is reached. The relay and
solenoid valve work together to control the fuel flow
efficiently. The final output also shows transaction
details such as card ID, fuel required, fuel dispensed,
amount charged, and updated balance, providing
complete transparency. This prototype validates the
effectiveness of automation in reducing manual
errors, improving efficiency, and enabling a secure
and user-friendly fuel dispensing system.

4.1 FUTURE SCOPE

The proposed system can be further enhanced by

integrating advanced technologies to improve
functionality, scalability, and user experience. One
major improvement is the integration of IoT and
cloud-based monitoring, which allows real-time
tracking of fuel transactions, remote data access, and
centralized control for multiple petrol stations.
Additionally, application

support can enable users to check balance, view

incorporating mobile
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transaction history, and receive notifications directly
on their smartphones. The system can also be
upgraded by adding digital payment options such as
UPI, debit/credit cards, and QR-based payments
along with RFID for greater flexibility.

Further improvements can include the
implementation of Al-based analytics to monitor fuel
usage patterns and detect anomalies or fraud.
Advanced safety features such as leakage detection
sensors, automatic shutdown during faults, and fire
safety integration can enhance system reliability. The
use of high-precision industrial flow sensors and
secure encrypted RFID systems can improve
accuracy and security. Moreover, scaling the system
for commercial deployment and smart city
infrastructure can make it suitable for large fuel
stations and fleet management applications.

5. Conclusion

The RFID-based automated petrol pump system
successfully demonstrates a modern approach to fuel
dispensing by integrating identification, sensing, and
control technologies. The system ensures secure user
authentication, accurate fuel
automatic transaction processing with minimal

measurement, and
human intervention. By using components such as
RFID, microcontroller, and relay-
controlled valves, the project achieves efficient and
reliable operation while reducing manual errors and
fuel theft.

flow sensor,

Overall, the system improves transparency, saves
time, and enhances user convenience through
contactless and automated processes. It is well-
suited for applications such as fleet management,
smart fuel stations, and digital fuel monitoring
systems. With further like IoT
integration and advanced security features, this
system has strong potential for
implementation and future smart city solutions.

enhancements

real-world
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