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LPG currently plays a big role in human life, both in industry and
households. However, since the existence of LPG, there have been
many cases of fires caused by LPG gas leaks. Undetected LPG gas
leaks can cause sparks and can trigger fires. Therefore, currently an
LPG gas detection device is needed. The system designed in this study
uses an MQ-6 sensor to detect LPG gas, and NodeMCU as a
microcontroller. This system not only detects leaking gas, but can also
provide alerts and information to the Blynk application on
smartphones by utilizing the Internet of Things (10T). System testing
resulted in an error value in detecting gas of 9.52% and the distance
between the system and the smartphone was 500 meters. The sensor
can detect gas well when the distance between the gas and the sensor
is no more than 10 cm. The system can provide information to the
smartphone if a gas leak is detected and can provide alerts by turning
on the buzzer and LEDs.
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1. INTRODUCTION

The Government of the Republic of Indonesia in May 2007 issued a Decree of the Minister of Energy
and Mineral Resources No.: 1971/26/May 2007 issued a statement by replacing the use of kerosene (kerosene)
in the family environment with LPG [1]. The replacement of fuel is a form of answer obtained from the
increasing world crude oil prices [18]. LPG is not the same as combustible gas because it is produced using oil
[2]. The use of LPG gas is relied upon to reduce public fuel utilization considering that LPG gas is more
effective [3], [20].

In fact, in the field, there are various problems, both in terms of marketing, use, to the affordability of
LPG fuel which is still small [19]. Since its inception, there have been many cases of fires that have occurred
due to unknown gas leaks [4]. The problem is that leaking and undetectable LPG gas can produce sparks [16]
that can trigger a fire [8]. Gas leak detection devices are widely available in the market, but they can only
provide warnings in that area, so people who are not at the location cannot know if a leaking gas is detecte [5]
[17].

The way to overcome this problem is that a tool is needed that can detect LPG gas leaks [15] that can
provide warnings if there is an LPG gas leak based on the Internet of Things (10T) [6], [7]. IoT is a system that
can send data through the network even though there is no direct interaction between objects. This technology
can be accessed through several existing microcontrollers, one example being arduino and raspberry [9], [14].
10T it self has a network and internet that has been developed [10]. I0T can create an identity in objects so that
they can recognize other objects [11], making it easier to interact between humans and these objects anywhere
and anytime [12].

In this study, an loT-based LPG gas leak detection system will be designed. This system uses an MQ-6
sensor as an LPG gas detector and NodeMCU as a microcontroller. The system will also display the detected
values on the LCD and use the LED and buzzer as indicators when a leak is detected.

2. RESEARCH METHODS
2.1. System Design

There are two stages in the design of the system to be made, namely software and hardware design. The
software design section contains an algorithm diagram about the operation of the system. The hardware design
section contains a block diagram of the hardware system and the wiring diagram of the system circuit.

2.1.1. Software Design

In designing this system, using Arduino IDE software as a device to program NodeMCU in C++ language.
Before programming the system using the Arduino IDE software, a flowchart of the system to be designed is
made. The flowchart shown in Figure 1 is the working system design of the LPG gas leak detection system
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Figure 1. System Flow Chart
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It starts with applying an input voltage to the NodeMCU microcontroller which will later be connected to
the internet network. After connecting to the internet network, the MQ-6 sensor will detect gas [13]. It will
then be sent to NodeMCU for data processing. After processing, the value will appear on the LCD screen and
on the blynk application on the smartphone. The gas values that appear on LCDs and smartphones are used as
inputs for LEDs and buzzers. If the gas value detected is more than 400 ppm, the system will send a notification
on the smartphone that an LPG gas leak is detected, the system will also provide a warning by turning on the
LED and buzzer. The system flow chart can be seen in Figure 1.

2.1.2. Hardware design

The hardware design of the designed system consists of a NodeMCU microcontroller which serves as a
controller of the data values read by the MQ-6 sensor which is then processed and sends data to the smartphone.
The system design block diagram can be seen in Figure 2.

loT Blynk application
BEE——
on smartphone
Power Supply
12C
— | LCD
—> NodeMCU
———  »| LED
Sensor MQ-6
———————p| Buzzer

Figure 2. System Block Diagram

The system created in this study used a microcontroller in the form of NodeMCU ESP8266. NodeMCU
is an open source loT (Internet of Things) platform consisting of hardware in the form of System On Chip
(SoC) ESP8266-12. Value data coming from the MQ-6 sensor will be processed by NodeMCU and later the
data will be displayed on the LCD and sent to the Blynk application on the smartphone. The gas value that
appears on the LCD layer will be the input for the LED and buzzer to warn if the gas value terdeteksi exceeds
the system threshold. The entire hardware circuit can be seen in Figure 3.

Buzzer

LCD 16 x 2

| NodeMcu

" Lem1602 1IC

Figure 3. Hardware Design Diagram

In Figure 3, it can be seen that NodeMCU as the controller of the LPG gas leak detection system has
inputs and outputs used in the designed system. The inputs and outputs on NodeMCU can be seen in Table 1.

Buletin llmiah Sarjana Teknik Elektro, Vol. 4, No. 3, December 2022, pp. 122-131



125 Buletin lImiah Sarjana Teknik Elektro ISSN: 2685-9572

Table 1. NodeMCU Output Input

Pin NodeMCU Device
D1, D2, and Vin LCD
A0, SD2 Sensor MQ-6

D7 and D8 LEDs and Buzzers

2.2. Research Flow Chart

There are several stages of research carried out to create a system that has been designed. After conducting
a literacy study and identifying problems, then proceed to the preparation process for designing the system. At
this stage, all the necessary things in the study are prepared. If so, enter the hardware and software design stage.
After the designed system has been made, the tool testing process is carried out. If the tool is successful, then
enter the data retrieval and analysis process section. After all stages have been completed, an evaluation process
of the research carried out is carried out. The research flow chart can be seen in Figure 4.
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Figure 4. Research Flowchart

3. RESULTS AND DISCUSSION
3.1. MQ-6 Sensor Testing

MQ-6 testing was carried out in order to determine the ability of the sensor to detect leaking gas. In testing
this gas sensor, a comparison was made between the tools made in this study and factory-made tools on the
market. This sensor testing mechanism was carried out by spraying LPG gas on the sensors of each tool, both
factory-made tools and tools made in this study. Gas spraying is given a distance of 1-5 cm with a time of 0-5
seconds then the highest value is seen to be used as research data.

To find the error value, a comparison is made between the values detected by the gas detection device
(factory-made) on the market with the tool made in this study using the formula equation (1).

£ lue (%) = Standard Value — Test Value 100% )
rrorvatue L) = Standard Value x 0

Standard Value is the value taken from a factory-made gas detection device. The test value is the value taken
from the created tool. The test results of the MQ-6 sensor can be seen in Table 2.
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Table 2. MQ-6 sensor test results
Distance (cm)  Factory-Made Detection Equipment (PPM)  Built Detection Tool (PPM)  Error Value (%)

1 1.527 1.298 14.9
2 1.371 1.229 10.3
3 1.224 1.147 6.29
4 1.148 1.039 9.49
5 1.057 987 6.62

Average 9.52

3.2. Tool Prototype
In this study, an LPG gas leak detection system was made consisting of a series of several components.
The overall network of systems in the form of hardware can be seen in Figure 5 and Figure 6.

Figure 5. Tool view from the front

Figure 5 is a view of the suite of tools from the front. Where on the front there is an LCD that is used to
display the value of the detected gas. The gas value displayed on this LCD is used as an input for the LED and
buzzer. In addition to the LCD, on the front there is also an LED located under the LCD. This LED is used as
an indicator when the value of the detected gas exceeds the threshold (400 ppm).

= N

Figure 6. A side-by-side view of the tool set
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In Figure 6, it can be seen on the right side that there is an mg-6 sensor as an LPG gas detector, and on
the left side there is a speaker (Buzzer) as an indicator and a cable as a voltage source.

3.3. System Testing

Tool testing in this study is testing tools that have been designed in such a way with the aim of whether
the tools that have been made can work as expected. Testing of this tool is carried out in a closed room with an
area of 3 x 3 meters. The tool testing mechanism is carried out by applying gas to the MQ-6 sensor providing
a distance between the sensor and gas as far as 1-5 cm and also between the smartphone and the tool as far as
500 m. If the detected gas value exceeds the threshold of 400 ppm, the system will give a warning and send
information to the smartphone.

The value of 400 ppm used as a threshold in the system made was obtained from the results of previous
studies that both used MQ-6 sensors with the same sensor capability, which can detect LPG gas between 0-
2000 ppm. A value of 400 ppm is also obtained according to the Low Explosion Limit standard, which is
defined as the lowest concentration of gas or steam in the air that can produce a flash of fire. The results of
testing this tool can be seen in Table 3.

Table 3. Tool test results

Sensor distance Test Status Smartphone Distance Smartphone Buzzer and
(cm) (PPM) (meters) notifications LED
1 1,231 Detected 500 Exist On
2 1,157 Detected 500 Exist On
3 1,093 Detected 500 Exist On
4 987 Detected 500 Exist On
5 906 Detected 500 Exist On
6 863 Detected 500 Exist On
7 739 Detected 500 Exist On
8 564 Detected 500 Exist On
9 438 Detected 500 Exist On
10 416 Detected 500 Exist On
11 357 Undetectable 500 None Off

Table 3 is the result of tests conducted on the designed LPG gas leak detection device. Table 3 shows that
the testing of LPG gas leak detection equipment was carried out with 11 experiments. At a distance of 1 - 10
cm the sensor can detect gas well with the lowest value of 416 ppm at a distance of 10 cm and the largest value
of 1,231 ppm with a distance of 1 cm, this is due to the distance that is too close so that the sensor can detect
the gas well. In this test, it was seen that the sensor can detect gas well at a maximum distance of 10 cm. At a
distance of more than 10 cm with a time of 0 to 5 seconds the highest detectable gas value is 357 with a distance
of 11 cm, which means that it is still under normal conditions because the gas value detected is still below 400
ppm. In addition, the gas detection device made can transmit data to a smartphone with a distance of 500
meters. LEDs and buzzers can also work well when the detected gas value exceeds the specified threshold.

With this result, it means that all components that have been designed can function properly. Tools that
have been designed can also work according to what is expected. A tool that has been designed can detect
leaking gas and can provide warnings to the user if a gas leak is detected. In addition, this tool can also apply
10T (Internet of Things) technology, so this tool is able to transmit data to the user's smartphone.

3.4. LCD Testing

LCD testing in this study aims to ensure that the LCD can run properly, so that in the process of displaying
indications a good data is obtained. This LCD test is carried out with 2 different conditions, hamely normal
conditions and dangerous conditions. Normal conditions are conditions when the value of the detected gas is
below the threshold, and hazardous conditions are conditions when the value of the detected gas exceeds the
threshold of the system. LCD testing can be seen in Figure 7 and Figure 8, and the Table of test results can be
seen in Table 4.

Figure 7 is the condition of the LED and buzzer when the detected gas value does not exceed the threshold
(<400 ppm), so in Figure 8 it shows the LED Off as well as the buzzer. Figure 8 is the condition of the LED
and buzzer when the gas value exceeds the threshold (>400 ppm). In Figure 8, it looks LED On as well as the
buzzer. Test results on LEDs and buzzers can also be seen in Table 4.

Based on the LCD test results in Table 4, if the gas value (ppm) does not exceed the threshold (<400 ppm)
status on the LCD display “gas not detect” which means that there is no LPG gas leakage detected. When the
ppm value does not exceed the threshold LED and the buzzer Off or off. Unlike when the value of the detected
gas exceeds the threshold (>400) then the status on the LCD becomes “gas detection” then the LED and buzzer
On or on. With this result, it shows if the LCD can work properly.
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Figure 7. LCD display under normal conditions

41821
detection!

Figure 8. LCD display in hazardous conditions

Table 4. LCD test results
PPM value  Status (LCD)  Output (Volts) Buzzer LED

<400 Gas not detect 4.6 Volts OFF OFF
<400 Gas not detect 4.7 Volts OFF OFF
>400 Gas detection 4.8 Volts ON ON
>400 Gas detection 4.7 Volts ON ON

3.5. 10T Testing

10T testing in this study was carried out with the aim of ensuring that the system can transmit data on
smartphones by generating gas values on smartphones. In addition to sending data, this test is carried out to
ascertain whether the system can work properly by sending a notification to the smartphone when the detected
gas value exceeds the system threshold. 10T testing in this study can be seen in Figure 9 and Figure 10.
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Figure 9. Gas value display on a smartphone (Blynk)

This gas detection system in addition to displaying the gas value detected on the LCD can also display
the gas value detected on the smartphone through the Blynk application as shown in Figure 9.

o
Penambatan atou hotspot aktif

Warming ! Gas terdeteksi

Sistem Pendetks| Gas

Figure 10. Notification display on a smartphone
In addition to displaying gas values on smartphones, the system can also provide notifications in the Blynk
application on smartphones, as shown in Figure 10. A notification on the smartphone will appear if the value
of the gas gas detected exceeds 400 ppm. The results of 10T testing in this study can also be seen in Table 5.

Table 5. 10T test results

Gas Value (ppm) Status Notification
<400 Undetectable None
>400 Detected Exist

4. CONCLUSIONS

Based on the results of research and tool design that has been done, it can be concluded that, the sensor
used in the study was able to detect LPG gas leaks of a maximum of 2000 ppm. This gas leak detection system
can display the gas levels detected by the sensor on the LCD. The LED and buzzer will turn on when a gas
leak is detected and turn off when no gas leak is detected. The 10T (Internet of Things) technology applied in

Design an Internet of Things-Based LPG Gas Leak Detection System (Mustofa)
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this study works well when sending data to smartphones and providing notifications to smartphones. System
testing resulted in an error value in detecting gas of 9.52% and the distance between the system and the
smartphone was 500 meters. The sensor can detect gas well when the distance between the gas and the sensor
is no more than 10 cm. The system can provide information to the smartphone if a gas leak is detected and can
provide alerts by turning on the buzzer and LEDs.
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