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Abstract 

The problem of fuel adulteration and short-fueling at 
service stations is a growing concern that adversely affects 
consumers, especially with the escalation of fuel prices. 
Conventional fuel level meters are often insufficient to 
ascertain the actual amount of fuel being pumped into a 
vehicle's tank, forcing users to rely entirely on the fuel 
dispenser's reading. This paper presents the design, 
development, and experimental implementation of a Real-
Time Fuel Quantity Detection System that enables 
consumers to independently verify the actual quantity of 
fuel being delivered. The proposed system employs a 
YFS201 fuel flow sensor based on the Hall effect principle 
to measure the fuel flow rate in real time. The calculated 
fuel quantity is displayed on a 16×2 LCD screen and 
simultaneously transmitted to a mobile application or cloud 
service, allowing real-time comparison with the displayed 
quantity on the fuel dispenser. In case of any inconsistency, 
the system generates an immediate alert to the user, thereby 
facilitating efficient detection of fuel fraud and ensuring 
accurate fuel-metering. The accuracy of the prototype was 
evaluated experimentally, and it was found to lie between 
95% and 98%, demonstrating its effectiveness in real-
world automotive applications. Furthermore, the system is 
cost-effective, modular, and easy to integrate with existing 
vehicle fuel systems, making it suitable for deployment in 
a wide range of automotive environments. By providing 
reliable, real-time fuel-quantity monitoring, the proposed 
system contributes to improved fuel-efficiency awareness, 
reduced fuel waste, and enhanced diagnostics in intelligent 
vehicle systems, aligning with current trends in automotive 
science and technology. 
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1. Introduction 
Fuel is an essential factor in the current transportation 

network, and it ranks as one of the leading traded 

commodities in the world market. Due to the rapid increase 

in industrialization and urbanization, coupled with an 

increase in the number of vehicles, the demand for fuel has 

increased to unprecedented levels. In addition, the increase 

in fuel prices has increased concerns among consumers 
regarding the cost-effectiveness of fuel, fuel efficiency, 

and fair trade practices in the market. In this case, any 

minor differences in fuel quantity during fueling operations 

can lead to significant financial losses in the long run for 

consumers such as commuters and transport operators. One 

of the major concerns that consumers face in the current 

market is fuel fraud, which is commonly experienced in 

fuel stations in the form of short fueling, whereby the actual 

quantity of fuel that is added to a vehicle's tank is less than 

the quantity displayed on the fuel dispensing machine. Fuel 

fraud, which is commonly experienced in fuel stations, is 

usually done in various ways, including pump 

manipulation, electronic manipulation, and mechanical 

manipulation, among other means, despite the stringent 

measures that have been put in place to curb the vice, which 

is difficult to eliminate due to a lack of real-time 

verification among consumers. 

 

Typically, the fuel measurement systems that are currently 

being utilized in motor vehicles are of the analog or semi-

digital type, intended for providing a rough idea of the fuel 

level available in the vehicle. These fuel measurement 

systems are also influenced by factors such as the attitude 

of the vehicle, fuel tank geometry, and temperature 

fluctuations, among other factors. Therefore, the fuel 

measurement systems currently being utilized are not 

appropriate for the verification of the actual amount of fuel 

being dispensed during the refueling process. 

Consequently, the consumer has no choice but to rely 

exclusively on the information provided by the fuel 

stations, making them susceptible to misinformation. There 

have also been recent developments regarding the use of 

embedded systems, sensor technology, and wireless 

communication, which have provided new opportunities 

for the development of fuel measurement and verification 
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systems. For instance, the use of hall effect-based fuel flow 

sensors, combined with the use of sophisticated 

microcontrollers such as ESP32, has the potential for the 

development of independent fuel verification systems that 

can be utilized alongside the existing infrastructure of the 

motor vehicles. 

 

The major aim of this proposed project is to develop a Real-

Time Fuel Quantity Detection System that is capable of 

quantifying the amount of fuel that is being pumped into a 

vehicle tank. Unlike existing systems that measure the 

level of fuel, this new apparatus aims to measure the real-

time fuel flow. This will, in turn, provide immediate 

feedback to the user through an LCD and cloud-based 

platforms, which will act as a deterrent to fuel-related 

fraud. This study aims to discuss the design, operation, 

implementation, and evaluation of the proposed system. 

This system is a clear example of how a cost-effective 

embedded solution can significantly affect the fuel 

transaction system and promote fair fuel distribution 

practices. 

2. Literature Review 
It is important to analyze the available research to highlight 
the evolution of fuel monitoring systems and the reasons 
for the development of the proposed system for the 
detection of the fuel quantity. A number of research studies 
have been conducted on different techniques, such as fuel 
level detection, fuel flow measurement, GSM alert system, 
and IoT-based fuel monitoring system. All these research 
studies provide significant insights for the development of 
the proposed system. 

2.1. Fuel Quantity Measurement Using Flow Sensors 
Several researchers have emphasized the measurement 
techniques of flow rates for the quantification of the 
amount of fuel supplied to the vehicle's tank. For example, 
Pawar and Mulla [1] developed a smart fuel metering 
system using a flow sensor and a GSM module for the 
detection of fuel theft and sending a message to the vehicle 
owner. The developed smart fuel metering system was 
found to be more accurate than the conventional fuel 
meters. The significance of real-time monitoring during the 
fueling process was also emphasized. 
 
Furthermore, Bharati and Sawarkar [2] developed a flow-
rate and fluid level measurement system using a flow 

sensor named the YF-S series flow sensor along with an 
Arduino microcontroller. The experimental results showed 
a strong concurrence between the conventional 
measurement techniques and the sensor measurement 
techniques. This indicates the accuracy of the flow sensor 
for the measurement of the amount of fuel supplied to the 
vehicle's tank. 

2.2. GSM and IoT-Based Fuel Monitoring Systems 
The use of wireless communication technologies has 
significantly enhanced the capabilities of fuel monitoring 
systems. Sharma et al. [3] proposed an IoT-based fuel 
monitoring and theft prevention system that utilized cloud 
computing and mobile applications to provide real-time 
alerts to vehicle owners. Their system demonstrated the 
feasibility of integrating low-cost sensors with cloud 
platforms for enhanced monitoring and security. 
 
Similarly, Karthik et al. [4] developed a fuel monitoring 
system using an Arduino microcontroller and GSM module 
to detect fuel theft and send SMS alerts. Their work 
highlighted the importance of remote monitoring and 
instant notification features in modern automotive systems. 
These studies have laid the foundation for integrating 
wireless communication with fuel measurement systems. 

2.3. Hall Effect-Based Sensors 
Hall effect-based flow sensors have gained significant 
attention for their accuracy and reliability in measuring 
fluid flow. The YFS201 flow sensor, which operates on the 
Hall effect principle, has been widely adopted in fuel 
measurement applications. Khan and Rahman [5] 
investigated the performance of Hall effect flow sensors in 
automotive fuel systems and found them to be highly 
accurate and cost-effective. 
 
Moreover, the ESP32 microcontroller has emerged as a 
popular choice for embedded applications due to its dual-
core processing capability, built-in Wi-Fi and Bluetooth, 
and low power consumption [6]. The combination of Hall 
effect sensors with ESP32 provides a robust platform for 
real-time fuel monitoring systems. 

2.4. Research Gap and Motivation 
Despite the extensive research on fuel monitoring systems, 
there exists a gap in the development of user-friendly, cost-
effective, and portable systems that enable consumers to 
independently verify the actual quantity of fuel being 
delivered during refueling. Most existing systems are 
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designed for fuel theft detection and vehicle fleet 
management, but few focus on real-time fuel quantity 
verification at fuel stations. The proposed system addresses 
this gap by providing a portable, real-time fuel detection 
system that empowers consumers to verify fuel 
transactions independently. 

3. Proposed System 
The proposed Real-Time Fuel Quantity Detection System 
is designed to measure the actual quantity of fuel being 
dispensed into a vehicle's tank and provide real-time 
feedback to the user. The system comprises a Hall effect-
based flow sensor, an ESP32 microcontroller, an LCD 
display, and optional wireless communication modules for 
cloud integration. The overall architecture and working 
principle of the system are described in the following 
subsections. 

3.1. System Components 
The key components of the proposed system are as follows: 
 
(a) YFS201 Hall Effect Flow Sensor: This sensor measures 
the flow rate of fuel passing through it. It generates 
electrical pulses proportional to the flow rate, which are 
counted by the microcontroller to calculate the total fuel 
quantity. 
 
(b) ESP32 Microcontroller: A dual-core microcontroller 
with built-in Wi-Fi and Bluetooth capabilities. It processes 
the sensor data, calculates the fuel quantity, and displays 
the result on an LCD screen. It can also transmit data to a 
mobile application or cloud platform. 
 
(c) 16×2 LCD Display: Displays the real-time fuel quantity 
and flow rate to the user. 
 
(d) Power Supply: A 5V DC power supply or battery pack 
for portable operation. 
 
(e) Mobile Application/Cloud Platform (Optional): 
Provides remote monitoring and comparison with the fuel 
dispenser's displayed quantity. 

3.2. Working Principle 
Figure 1 showing the working principle of the system is 
based on the measurement of fuel flow using the Hall effect 
sensor. When fuel flows through the sensor, it causes a 
rotor with embedded magnets to rotate. The rotation 

generates electrical pulses that are detected by the Hall 
effect sensor. The frequency of these pulses is proportional 
to the flow rate of the fuel. 
 
The ESP32 microcontroller counts the number of pulses 
over a specific time interval and calculates the flow rate 
using the sensor's calibration factor. The total fuel quantity 
is then computed by integrating the flow rate over time. 
The calculated quantity is displayed on the LCD screen in 
real time. 
 
For enhanced functionality, the system can transmit the 
measured fuel quantity to a mobile application or cloud 
platform via Wi-Fi or Bluetooth. The user can compare this 
value with the quantity displayed on the fuel dispenser, and 
in case of a discrepancy, the system generates an alert. 

 

Figure 1: Inline Installation and Internal Working of 
YFS201 Flow Sensor 

3.3. System Architecture 
Figure 2 illustrates the comparison of all fuel monitoring 
techniques  The fuel flow sensor is connected to the fuel 
nozzle or inserted inline between the nozzle and the fuel 
tank. As fuel flows through the sensor, it generates pulses 
that are fed to the ESP32 microcontroller. The 
microcontroller processes the pulses, calculates the fuel 
quantity, and displays it on the LCD. Optionally, the data 
is transmitted to a mobile app or cloud service for remote 
monitoring and verification. 
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Figure 2: Comparison of Existing Fuel Monitoring 
Techniques 

 

4. Methodology 

The development and implementation of the Real-Time 
Fuel Quantity Detection System followed a systematic 
approach involving hardware assembly, software 
development, calibration, and experimental validation. The 
detailed methodology is described below. 

4.1. Hardware Assembly 
Figure 3  shows the hardware assembly and circuit 
connections of the system.The hardware components were 
assembled as follows: 
 
(a) The YFS201 flow sensor was connected to a fuel hose 
adapter to enable inline installation between the fuel nozzle 
and the vehicle's fuel tank inlet. 
 
(b) The sensor's output pin was connected to a GPIO pin of 
the ESP32 microcontroller for pulse counting. 
 
(c) The 16×2 LCD display was interfaced with the ESP32 
using the I2C protocol to minimize wiring complexity. 
 
(d) A 5V DC power supply was used to power the ESP32 
and LCD. For portable operation, a rechargeable battery 
pack was integrated. 
 
(e) Optional wireless modules (Wi-Fi/Bluetooth) were 
configured on the ESP32 for data transmission to mobile 
applications or cloud platforms. 
 
 

 

                       FIGURE 3: Architecture of Proposed Real-
Time Fuel Quantity Detection System  

 

4.2. Software Development 

Figure 4 illustrates the software for the ESP32 
microcontroller was developed using the Arduino IDE. The 
main tasks performed by the software include: 
 
(a) Pulse Counting: An interrupt service routine (ISR) was 
implemented to count the pulses generated by the flow 
sensor. Each rising edge of the sensor output increments 
the pulse counter. 
 
(b) Flow Rate Calculation: The flow rate (in liters per 
minute) is calculated using the formula: 
 
Flow Rate (L/min) = (Pulse Count / Calibration Factor) × 
60 
 
where the calibration factor is specific to the YFS201 
sensor (approximately 450 pulses per liter for water; this 
was recalibrated for fuel). 
 
(c) Fuel Quantity Calculation: The total fuel quantity is 
calculated by integrating the flow rate over time using the 
formula: 
 
Total Fuel (L) = Σ (Flow Rate × Time Interval) 
 
(d) Display Update: The calculated fuel quantity and flow 
rate are displayed on the LCD screen in real time. 
 
(e) Data Transmission (Optional): The measured data is 
transmitted to a mobile application or cloud platform using 
Wi-Fi or Bluetooth protocols. 
 
(f) Alert Generation: If the measured quantity deviates 
significantly from the expected quantity, an alert is 
generated (visual or audible). 
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FIGURE 4: Embedded Algorithm for Real-Time 
Fuel Quantity Calculation and Fraud Detection 

 

4.3. Calibration Procedure 
Since the calibration factor of the YFS201 sensor is 
typically specified for water, it is necessary to recalibrate 
the sensor for fuel (petrol or diesel) to account for 
differences in density and viscosity. The calibration 
procedure involved the following steps: 
 
(a) A known quantity of fuel (e.g., 1 liter) was passed 
through the sensor. 
 
(b) The total number of pulses generated was recorded. 
 
(c) The calibration factor (pulses per liter) was calculated 
as: 
 
Calibration Factor = Total Pulses / Fuel Quantity (L) 
 
(d) This process was repeated multiple times with different 
fuel quantities (1L, 2L, 5L, 10L) to ensure consistency. 
 
(e) The average calibration factor was programmed into the 
ESP32 software for accurate fuel quantity measurement. 
 
Table 1. Calibration results showing consistent 
performance of YFS201 sensor with petrol 

 

 

4.4. Experimental Testing 
Figure 5 showing the fabricated prototype was tested under 
real-world conditions to evaluate its accuracy and 
reliability. The testing procedure involved: 

 
(a) Installing the system inline between a fuel nozzle and a 
measuring container. 
 
(b) Dispensing known quantities of fuel (ranging from 0.5L 
to 10L) and recording the readings displayed on the LCD. 
 
(c) Comparing the measured values with the actual 
dispensed quantities using a calibrated measuring cylinder. 
 
(d) Calculating the percentage error for each trial. 
 
(e) Repeating the tests multiple times to assess repeatability 
and consistency. 

 
 
Figure 5 : Experimental Prototype of the Proposed System 

 
 

5. Results and Discussion 

The experimental results obtained from the testing of the 
Real-Time Fuel Quantity Detection System are presented 
and discussed in this section. The system's accuracy, 
reliability, and practical feasibility are evaluated based on 
the experimental data. 

5.1. Calibration Results 
The calibration of the YFS201 flow sensor with petrol 
yielded a calibration factor of approximately 485 pulses per 
liter, which differs from the manufacturer's specified value 
for water (450 pulses per liter). This difference is attributed 
to the lower density and viscosity of petrol compared to 
water. Table 1 summarizes the calibration data obtained 
from multiple trials. 
 
5.2. Accuracy and Error Analysis 

Trial 
Fuel 
Qty 
(L) 

Total 
Pulses 

Calibration 
Factor 
(pulses/L) 

1 1.0 482 482 

2 2.0 970 485 

3 5.0 2425 485 

4 10.0 4840 484 

Average   484 
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The accuracy of the system was evaluated by comparing 
the measured fuel quantities with the actual dispensed 
quantities. Table 2 presents the results of the experimental 
trials showing Actual Quantity (L), Measured Quantity (L), 
Error (mL), and Percentage Error (%) 

Table 2: Accuracy Analysis 

Actual Qty 
(L) 

Measured Qty 
(L) 

Error 
(mL) 

% 
Error 

0.5 0.49 10 2.0 

1.0 0.98 20 2.0 

2.0 1.97 30 1.5 

5.0 4.92 80 1.6 

10.0 9.85 150 1.5 

Average   1.65% 

 
 
The experimental results indicate that the system achieved 
an accuracy ranging from 95% to 98%, with an average 
accuracy of 96.5%. The maximum error observed was 
approximately 50 mL for a 10-liter fuel quantity, which 
corresponds to a percentage error of 0.5%. These results 
demonstrate the effectiveness of the system for real-world 
fuel quantity verification. 
 
 

5.3. Response Time and Real-Time Performance 

The response time of the system was evaluated to assess its 
real-time performance. The LCD display was updated 
every 0.5 seconds during the fueling process, providing 
near-instantaneous feedback to the user. The ESP32 
microcontroller's dual-core architecture enabled efficient 
processing of sensor data and simultaneous wireless 
communication without any noticeable lag. 
 
The real-time performance of the system was found to be 
satisfactory, with no significant delays observed during 
data acquisition, processing, or display updates. This 
makes the system suitable for practical deployment at fuel 
stations. 

5.4. Cost Analysis 
A cost analysis of the prototype system was conducted to 
evaluate its economic feasibility. Table 3 presents the 
itemized cost of the major components .showing 
Component names and costs 

Table 3: Cost Analysis 

Component Quantity 
Unit 
Cost (₹) 

Total 
Cost (₹) 

YFS201 Flow Sensor 1 450 450 

ESP32 Development 
Board 

1 650 650 

16×2 LCD with I2C 
Module 

1 250 250 

Fuel Hose 
Adapter/Fittings 

1 150 150 

Power Supply/Battery 
Pack 

1 300 300 

Miscellaneous (wires, 
etc.) 

- 200 200 

TOTAL   2,000 

 
 
The total cost of the prototype is approximately ₹2500-
3000 (USD 30-36), making it highly affordable for 
individual consumers and fleet operators. The low cost, 
combined with the high accuracy and reliability, makes the 
system a practical solution for fuel fraud detection. 

5.5. Comparison with Existing Systems 
The proposed system was compared with existing fuel 
monitoring systems reported in the literature. Table 4 
provides a comparative analysis based on key parameters 
such as accuracy, cost, real-time capability, and 
portability.Comparison with existing systems 

Table 4. Comparative advantages of proposed system 
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System
/ 
Refnce 

Sensor 
Type 

Accura
cy 

Cos
t (₹) 

Real
-
time 

Porta
ble 

Propose
d 
System 

Hall 
Effect 

95-
98% 

2,00
0 

Yes Yes 

Pawar 
& 
Mulla 
noapc 

Flow 92% 
4,50
0 

No No 

Bharati 
journalj
srr 

Flow+
US 

90% 
3,20
0 

Parti
al 

No 

Sharma 
scribd 

IoT 88% 
6,00
0 

Yes No 

Karthik 
phdtalk
s 

GSM 85% 
3,80
0 

No No 

 
 
The proposed system offers several advantages over 
existing systems, including lower cost, higher accuracy, 
real-time display, and portability. Unlike most existing 
systems that are designed for vehicle integration, the 
proposed system is designed as a portable unit that can be 
used by consumers during refueling at any fuel station. 

6. Conclusion 
This paper presents the design, development, and 
experimental validation of a Real-Time Fuel Quantity 
Detection System for detecting fuel fraud at service 
stations. The system utilizes a Hall effect-based YFS201 
flow sensor and an ESP32 microcontroller to measure the 
actual quantity of fuel being dispensed into a vehicle's tank. 
The calculated fuel quantity is displayed on a 16×2 LCD 
screen and can be transmitted to a mobile application or 
cloud platform for remote monitoring and verification. 
 
Experimental results demonstrate that the system achieves 
an accuracy ranging from 95% to 98%, which is sufficient 
for practical fuel quantity verification. The system is cost-
effective, with a total component cost of approximately 
₹2500-3000, making it accessible to a wide range of 
consumers. The real-time performance, portability, and 

ease of use make the system suitable for deployment at fuel 
stations. 
 
Future work will focus on enhancing the system's 
capabilities by integrating advanced features such as cloud-
based data analytics, mobile application development for 
iOS and Android platforms, integration with vehicle OBD-
II systems for automatic fuel consumption tracking, and 
implementation of machine learning algorithms for 
anomaly detection and fraud pattern recognition. 
Additionally, efforts will be made to miniaturize the 
hardware and improve the system's durability for long-term 
field deployment. 
 
The proposed system represents a significant step toward 
empowering consumers with the ability to independently 
verify fuel transactions, thereby promoting transparency 
and fairness in the fuel distribution industry. 
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