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1. INTRODUCTION

Liquefied Petroleum Gas (LPG) is one of the most used energy sources in everyday life, both in households
and industry, due to its efficiency and ease of storage and distribution [1], [2]. However, LPG's flammable and
explosive nature makes it extremely dangerous if a leak goes undetected. In recent years, numerous fires and
explosions have been reported due to LPG leaks, particularly in residential areas [3], [4].

Conventional methods that rely on human smell for the compound ethyl mercaptan as an odor marker in LPG
are often ineffective. This is especially true when individuals are sleeping, have a smell disorder, or are not present
at the scene [5]. Therefore, the development of an automatic gas detection system based on sensors and
communication technology is an urgent need.

Semiconductor-based gas sensors, such as the MQ-2 sensor, have been widely used to detect flammable gases
such as methane, butane, propane, and smoke [6]. These sensors work by detecting changes in resistance caused
by the presence of certain gases in the air. On the other hand, the use of microcontrollers such as the ESP32
equipped with Wi-Fi connectivity enables the development of Internet of Things (IoT) based gas detection systems
(71, [8].

The Internet of Things (IoT) has opened significant opportunities for building efficient, flexible, and remotely
accessible monitoring systems. In the context of gas leak detection, IoT enables the integration of sensors, data
processing systems, and user interfaces through mobile applications such as Blynk [9]. When a certain gas
concentration threshold is exceeded, the system activates a buzzer, illuminates an indicator LED, and
simultaneously sends an alert to the user's smartphone [10].

Numerous international studies have demonstrated the effectiveness of loT-based gas detection systems in
preventing fatal accidents in homes and industrial facilities [11], [12], [13]. Such systems not only increase user
safety awareness but can also be implemented economically on a household scale [14], [15].

This research aims to design and test an LPG gas and smoke leak detection system based on an MQ-2
sensor and an ESP32 microcontroller, with remote notification via the Blynk application. With this design, the
system is expected to provide real-time early warnings and minimize the risk of fires caused by undetected


https://journal.unesa.ac.id/index.php/jair/

Journal of Applied Informatics Research Vol 01 No 01 (2025) pp. 1~9

gas leaks. Gas leak monitoring systems based on the Internet of Things (IoT) have been widely implemented
in various studies as an early detection effort and for real-time information transmission [16].

2. RESEARCH METHODS

This research methodology is designed to develop and test an Internet of Things (loT)-based LPG gas leak
detection system that integrates gas sensors, microcontrollers, and cloud-based software. This research uses an
experimental engineering approach, namely by designing hardware and software, implementing them, and testing
the system's functionality in real-world conditions. This method is in accordance with the approach used in various
similar studies in the field of embedded systems and smart homes [17], [18].

2.1. System Design

This research uses a systems engineering approach to design and implement an LPG gas leak detector based
on an MQ-2 sensor and an ESP32 microcontroller. The system is designed to detect gas concentrations in real
time and provide early warnings via an LED, buzzer, and the Blynk application connected to a smartphone via
Wi-Fi [19].

The system consists of two main parts:

« Hardware Design

« Software Design

2.1.1. Hardware Design

Figure 1. how the tool works

The hardware design in this study includes three main components: an input unit, a processing unit (controller),
and an output unit. The input unit uses an MQ-2 gas sensor to detect gas concentrations in the air, such as LPG,
methane, butane, and smoke. This sensor outputs an analog signal based on the detected gas levels in the
environment.

For the processing unit, the system uses an ESP32 microcontroller module, which has both computing and
wireless communication capabilities. The ESP32 processes signals from the MQ-2 sensor, converts them from
analog to digital using an ADC (Analog to Digital Converter), and determines system actions based on
predetermined threshold values.

The output unit uses an LED indicator and a buzzer as direct warnings. The LED will flash a certain number
of times to indicate the danger level (normal, alert, or danger), while the buzzer will activate if the gas
concentration exceeds a certain threshold. Furthermore, the ESP32 also sends sensor data in real time to the Blynk
app installed on the user's smartphone via a Wi-Fi connection. This way, users can monitor gas conditions
remotely.

The system block diagram can be seen in Figure 2. Based on the diagram, the MQ-2 sensor reads the gas
concentration value in the form of an analog signal, which is then converted into a digital signal by the ESP32.
The digital data is processed to determine whether the system needs to activate the LED and buzzer. In parallel,
the data is also sent via the internet to the Blynk application for real-time display. With this approach, the system
is not only able to provide local alerts via the LED and buzzer but can also provide remote information efficiently.
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Figure 2. Block Diagram

This system circuit consists of an MQ-2 sensor circuit, an ESP32 microcontroller, LED indicators, a buzzer,
and a connection to the Blynk platform. The ESP32 acts as the central controller, determining when the system
should issue a warning, both physically and digitally. Figure 3 shows the overall circuit configuration.
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Figure 3. Hardware Design

Figure 3 shows the architecture of the designed LPG gas leak detection system, where the NodeMCU (in this
case using the ESP32) acts as the central controller, managing communication between the input and output
components. The NodeMCU receives input from the gas detection sensor (input), processes the data, and then
responds through several output components.

The input and output circuits connected to the NodeMCU are detailed in Table 1, which includes the signal
type (analog or digital), the function of each pin, and its role in the system. The input component is an MQ-2 gas
sensor, which generates an analog signal based on the gas concentration in the air. Meanwhile, the output
components consist of an LED indicator, a buzzer, and a Wi-Fi connection to send data to the Blynk application.

This structure ensures that the entire process—from gas detection and logical decision-making by the
microcontroller, to visual and audible alerts and remote notification delivery—can be performed automatically
and efficiently by the system.

Table 1. Device Input Output

Pin NodeMCU ESP32 Device
D33 Sensor MQ-2
D2, D4, D19 LED1, LED2, LED3
D21 Buzzer

2.1.2. Software Design

The software was developed using the Arduino IDE in C++. The main program reads data from the MQ-2
sensor, converts it to ppm, and then evaluates the hazard level based on a threshold. If the gas concentration
exceeds the threshold, the system will issue an alert via a buzzer, LED, and notification to the Blynk app.
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Figure 4. System Flowchart

The system begins when the NodeMCU ESP32 is supplied with input voltage and automatically initializes a
connection to the internet via Wi-Fi. Once successfully connected to the network, the MQ-2 gas sensor activates
and begins detecting the presence of flammable gases, such as LPG, in the surrounding environment.

The gas concentration detected by the MQ-2 sensor is then sent to the ESP32 microcontroller for processing.
The microcontroller converts the analog signal from the sensor into a digital value and displays it on the LCD
screen and the Blynk app on the user's smartphone. This data is used as a reference for determining safety
conditions.

If the detected gas concentration value exceeds the threshold of 80 ppm, the system will:

e Sends an automatic notification to the Blynk application on the smartphone, stating that an LPG gas leak
has been detected.

e Activates the buzzer as an audible alarm.

o Illuminates the LED as a visual hazard indicator.

However, if the gas value is still below the threshold, the system will only continue to display monitoring data
without providing a warning.

3. RESULT AND DISCUSSION
Testing is conducted to evaluate the system's sensitivity, reliability, and effectiveness. Some aspects tested
include:

3.1. Sensor response to LPG gas concentration versus distance.

The MQ-2 sensor was tested at distances between 1 and 10 cm from the LPG gas source. Results showed that
the sensor had the highest sensitivity at distances of 1-5 cm, with a fast response and a significant increase in
detected gas concentration values with increasing distance. At distances greater than 8 cm, readings began to
become unstable, and sensitivity decreased. This is due to gas dispersion in the open air, which affects the sensor's
accuracy in detecting gas concentrations at longer distances. The test can be seen in Figure 5, and the test results
can be seen in Table 2.



Journal of Applied Informatics Research Vol 01 No 01 (2025) pp. 1~9

Table 2. MQ-2 Sensor Test Results Based on Distance to LPG Gas Source

Distance (cm) Sensor value (PPM) Description
1 870 Danger
2 810 Danger
3 765 Danger
4 700 Medium
5 645 Medium
6 580 Medium
7 505 Medium
8 430 Low
9 370 Low
10 310 Low

From the results shown in Table 2, it can be concluded that the MQ-2 sensor response gradually decreases as
the distance between the sensor and the gas source increases. In addition to the decrease in value, there was also
instability in the readings at distances above 8 cm, indicating the sensor's effective operating limits under these
test conditions. This finding is important as a basis for optimal sensor placement in real-world applications.

Figure 5. Distance Testing

3.2. MQ-2 Sensor Testing
To evaluate the accuracy of the MQ-2 sensor readings, we compared the LPG gas concentration values
measured by the MQ-2-based prototype device with those of a factory-made gas detector (as a reference standard).
The comparison was performed in parts per million (PPM) across several experimental scenarios in a confined
space with a controlled gas volume.
The formula for calculating the percentage error is as follows:

MQ2 Value—Factory Instrument Value

Percentage Error = ( ) X 100% €))

Factory Instrument Value
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The following table shows the measurement results and error calculations:

Table 3. MQ-2 Sensor Testing

No | Gas Distance (¢cm) | Factory Instrument Value (PPM) MQ-2 Value (PPM) Error (%)
1 1 920 885 8.33%
2 3 900 870 7.50%
3 5 860 835 6.94%
4 7 810 795 4.84%
5 10 760 740 7.69%
Average 7.06%

From five tests at different distances, the average percentage error was 7.06%. This value is within the general
tolerance limits for uncalibrated industrial prototype systems, which are generally permitted up to £10% on a
household or educational scale.

These results indicate that the MQ-2 sensor can produce nearly accurate readings when properly calibrated,
although there are still slight deviations compared to the factory-made device. These differences can be caused by
environmental factors (humidity, temperature), the initial sensor calibration, and the sensor's age.

3.3. IoT Testing

Internet of Things (loT) system testing was conducted to ensure that gas sensor readings from the ESP32
microcontroller could be transmitted and displayed in real time via the Blynk app on a smartphone. This testing
aimed to evaluate the accuracy of the data display and the stability of the Wi-Fi connection in transmitting
information.

The MQ-2 sensor reads LPG gas concentration, and the resulting data is sent directly to the Blynk app via Wi-
Fi. To ensure data accuracy, a comparison was made between the values displayed in the Arduino IDE Serial
Monitor and those displayed on the Blynk app dashboard. Test results showed that the data displayed in Blynk
was identical to the data on the Arduino, with no significant delays. Real-time data transmission from
microcontrollers to cloud-based monitoring platforms such as Blynk or MQTT has been proven effective in
several prior studies [20].

The system does not feature automatic push notifications when gas exceeds a threshold, but visual monitoring
can still be performed through the regularly updated gas value display in Blynk. This demonstrates that the system
can provide sufficient information to users to act in the event of a gas leak, even without a notification-based
alarm.

Table 4. Testing Sensor Data Delivery to Blynk Application

No G.as Valu.e Gas Value .Value Delay Time Sync Status
(Serial Monitor) (Blynk App) Difference (seconds)

1 435 435 0 0.2 synchronous

2 470 470 0 0.3 synchronous

3 510 510 0 0.2 synchronous

4 390 390 0 0.1 synchronous

5 580 580 0 0.2 synchronous

From the results in Table 3, all gas values read in the Serial Monitor are identical to those displayed in the
Blynk app, with no discrepancies and an average delay of only 0.2 seconds. This indicates that the system
successfully transmits data in real time and stably over a Wi-Fi connection.

Although the system lacks automatic notification features when gas levels exceed thresholds, the ability to
monitor gas levels directly through the Blynk app is sufficiently informative for users. Thus, the designed system
has proven functional as an loT-based remote gas monitoring tool.
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Figure 6. Smartphone display
Figure 6 shows the Blynk app on a smartphone. This display displays the gas readings from the MQ-2 sensor

in real-time as a gauge (circular meter). This application allows users to monitor LPG levels remotely via an
internet connection, allowing them to directly monitor environmental conditions using their mobile phone.
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Figure 7. Blynk web display

Figure 7 shows the web version of the Blynk dashboard, accessed through a browser. In this display, users can
also view the gas values detected by the sensor in real-time. Additionally, the web dashboard provides additional
features such as data history, device information, and more comprehensive device management, suitable for both
technical use and long-term monitoring.
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4. CONCLUSION

This research successfully designed and implemented an Internet of Things (loT)-based LPG gas leak
detection system using an MQ-2 sensor and an ESP32 microcontroller. This system is capable of reading gas
concentrations in real time and displaying data via the Blynk smartphone app, as well as providing alerts via LED
and buzzer activation.

Test results showed that the MQ-2 sensor had the best sensitivity at 1-5 cm from the gas source, with stable
readings and a fast response. Compared with a factory-made detection device, the system's accuracy yielded an
average error of 7.06%, which is still within the tolerance range for a prototype-based monitoring system.

The system was also capable of synchronously transmitting data from the microcontroller to the Blynk app,
with an average delay of only 0.2 seconds. This demonstrates that the system can reliably monitor gas levels in
real time over a Wi-Fi network.

With the ability to accurately read gas data and display it via an loT platform, this system is considered
effective in detecting gas leaks and has potential for application in household and small-scale industrial
environments.
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