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Abstract. -The use of liquefied petroleum gas (LPG) cylinders in household
settings is very dangerous. These objects may cause serious harm. Unidentified
and poorly managed LPG gas leaks in kitchens cause most home fires and
explosions. Regarding the consequences of the hazards posed by LPG, several
serious mishaps happen every day all over the world. The lack of a safety
system in the kitchen is the main source of this problem. Household kitchens
must install self-sufficient gas detection systems to offer safety precautions.
Therefore, the primary objective of my article is to create a defensive system
that can identify and halt LPG gas leaks in a home's kitchen, prevent additional
consequences, and reduce the likelihood of fires and explosions. The suggested
system utilizes a microcontroller unit (MCU), specifically an Arduino Nano.
We design this microcontroller to execute precise instructions for preset gas
concentrations. We combine the MQ2 gas sensor with the microcontroller.
These instructions aim to utilize the GSM module to notify homeowners by
phone, as well as to send alerts and a buzzer to anybody around the occurrence.
In the case of an LPG gas leak, the LED lights will show if the solenoid valve
is functioning properly and whether it is open or closed. This valve's function
is to isolate the source of the LPG gas supply. The system also incorporates an
exhaust fan to promote efficient ventilation and expel any accumulated LPG
gas. The plan is not only very cost-effective, but it is also quite easy to
implement and can be seamlessly integrated into current domestic gas
distribution systems. Based on this investigation, an independent LPG
safeguarding detection system was installed in homes' kitchens. However, the
system provides useful insights and facilitates house integration. Even if there
are other options that are just as successful in saving lives and reducing the
likelihood of LPG leaks within residential structures, the main objective is to
find a solution.

Keywords: LPG (liquefied petroleum gas), MQ2 gas sensor,
MicroprocessorUnitMCU,Arduino—Nano,Buzzer, LEDLights, GSM Module,
and Solenoid Valve

1. Introduction

Liquefied petroleum gas, or LPG, is often used for cooking in homes. But like other
fuel, it might be dangerous if not used correctly. Because unidentified LPG gas leaks
are the source of recurring and recurrent incidents, their presence may result in a

© The Author(s) 2025

J. K. Katiyar et al. (eds.), Proceedings of International Conference on Computer Science and Communication
Engineering (ICCSCE 2025), Advances in Computer Science Research 124,
https://doi.org/10.2991/978-94-6463-858-5_184


mailto:mohsina.m@gcet.edu.om
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-858-5_184&domain=pdf

Autonomous LPG Safety and Leak Detection System for Domestic ... 2207

buildup of gas in the kitchen, raising the possibility of an explosion or fire. If ignited
in a small space, the accumulation of leaking LPG might explode under extreme
circumstances. Such actions might seriously harm the kitchen and the surrounding
environs, as well as endanger the health of the occupants. Additionally, various
sources could ignite liquefied petroleum gas (LPG) in the kitchen due to its high
flammability. For instance, gas leaks may ignite a fire when they come into contact
with a stove burner or a spark from an electrical item. Homeowners are required to
install an LPG gas safety detecting system in their kitchens because of this. Installing
a protective detection system is highly recommended to guarantee that any leaks are
discovered promptly, enabling homeowners to take the required precautions or leave
the property to avoid accidents. Furthermore, households often overlook LPG leaks,
which is why early detection is so important. Even little leaks that may not be
immediately noticeable can be found by a protective detection system, which can
then provide early alerts before the issue worsens. Residents and homeowners may
go about their daily lives without worrying about the risk of gas leaks when they are
aware that a preventative detection system is in place. Since fully autonomous LPG
safety detection systems in kitchens have the potential to save lives and lower the
danger of significant property damage from fires or explosions, this gives them peace
of mind [1]-[5].

Two of the most important aspects of guaranteeing safety in these kinds of
circumstances are having a solid understanding of gas detection and being able to
apply it efficiently. This necessitates a profound understanding of the concept of
Lower Explosive Limits (LELs). The lowest concentration of a gas in the atmosphere
that might result in an explosion or ignition in the presence of an ignition source,
such as a spark or flame, is known as the gas's Lower Explosive Limit, or LEL. This
is the lowest gas concentration at which an explosion may happen. This concentration
cannot be adequately expressed as a percentage. The amount of air in the atmosphere
may be expressed as a percentage of the volume of all air. Concentrations below the
LEL cannot produce the required gas combination since this is not possible. On the
other hand, the Upper Explosive Limit (UEL) is the highest concentration of a gas
that might cause it to burn or explode when an ignition source is present. The
concentration of a gas is more likely to approach or exceed the LEL than to exceed
the UEL under a variety of conditions. Because gases are often utilized or
encountered in environments where they are diluted with air, this is the case.
Monitoring the LEL is necessary to proactively prevent potentially dangerous
situations is shown in Figure 1.
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Fig. 1. Visual example to show where on the scale % of LEL is measured.
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Two substances that are often used in the production of liquefied petroleum gases
(LPG), butane and propane, have lower limit of laboratory (LEL) values. y testing the
low equivalency level (LEL), which is around 2.1% by volume, you may determine if
propane is present in the air. When the propane percentage of the air falls below
2.1%, the mixture is no longer "lean" enough to sustain combustion on its own.The
LEL of butane, however, is a little higher than the mean and approaches in the air at
around 1.8% of its volume [6]-[10]. This is a significant difference. Likewise, when
the butane concentration falls below 1.8%, the atmosphere is no longer "lean" enough
to support combustion. Because oxygen is needed for the process, this occurs.Since
butane and propane are often utilized as fuel sources in industrial settings, it is
important to have a thorough understanding of the Lower Exposure Limit (LEL)
values. Making use of the LEL settings is very crucial. If you wish to limit the
probability of flammability-related catastrophes and keep compliance with safety
rules, you must have this competence.Various factors influence the turbulent
processes of natural gas diffusion and leakage. Natural gas diffusion and leakage are
the main causes of accidents involving the safety of interior natural gas supply
systems. Upon entering the inner confined zone, the natural gas will begin to mix
with the air and finally create a mixture. Upon the arrival of natural gas in the region,
this procedure will start. The air and natural gas will burn or explode if the oxygen
content exceeds a certain range and comes into contact with the ignition source. As a
consequence, the oxygen will then reach the concentration range.The frequency of
accidents involving natural gas usage that have taken place within buildings has
noticeably increased during the last several years. This might be due to the city's gas
supply range's ongoing expansion as well as the continual rise in users. The
frequency of these incidents has resulted in a significant number of injuries in
addition to material loss. It is essential to investigate and comprehend the causes of
accidents, the regulations that control them, and the dangers they present in order to
protect natural gas consumers' lives and property. This research might aid in
determining the best preventative strategies.

This means that although concentrations over the LEL provide a danger of explosion
if lighted, concentrations of propane, butane, or LPG vapor below the LEL are not
low enough to burn. However, the specific LEL may vary based on a number of
factors, such as the specific makeup of the LPG mixture and the atmospheric
conditions. Energy StabilityStatic energy, also known as electrostatic energy or static
electricity, is a kind of energy generated when there is an imbalance of electric
charges inside or on the surface of a material. Another name for static energy is
electrostatic energy. This phenomenon is brought on by the transfer of electrons from
one substance to another that occurs when certain materials are rubbed together.
Static electricity eventually builds up as a consequence of this transmission, which
creates an imbalance of positive and negative charges. [11]-[14].

2. Proposed Work

Static energy, usually referred to as "static" energy, is defined by its capacity to stay
motionless after it is released or neutralized. It may build up on a number of surfaces,
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enabling it to produce phenomena like sparking, object attraction or repulsion, and
even little shocks when released. An electrical exhaust fan has the capacity to
produce static electricity by combining airflow and friction. Thus, this is how it may
happen:

Friction may develop from many materials touching one another when the fan is
operating. This friction may transfer electrons between the materials, leading to a
buildup of static charge on the affected surfaces. For example, the fan blades moving
against the housing or any other part might cause static electricity to be produced. Air
movement: The fan blades are in charge of circulating air throughout the system each
time they spin. When air moves over surfaces, a frictional barrier may develop
between the air molecules and the surfaces, which may cause static charges to build
up on the surfaces. Static electricity is produced when two materials are rubbed
together, exhibiting a similar ~ phenomenon. Associated Work:
The problem of gas leakage and the possibly catastrophic consequences it might have
are major concerns on a worldwide scale, especially in developing countries like
Bangladesh. Every year, gas leak-caused fires claim the lives of a significant number
of individuals and inflict massive amounts of property damage to many assets.
Furthermore, major hazards like gas leaks and explosions pose a threat to the
environment. A system that can identify gas leaks and implement preventive actions
is thus required. The gas sensor triggers a mechanism when it detects gas leakage.
The solenoid valve would open as a consequence, closing the gas line and
deactivating the exhaust fan thereafter. Again, when the flame sensor signals that a
fire is present, the suction mechanism propels the fire extinguisher balls in the
direction of the flames. The GSMSIM module sends a notice to the user's
smartphone. The user's smartphone receives this notice. In the case of an accident,
the LCD monitor will continuously display the current status of the system and the
buzzer will emit an audible alert. Thus, we have successfully created and put into use
a system that is both economical and clever to identify gas leaks and extinguish fires
in an emergency. Raphael has evaluated, developed, and built an LPG leak detector
with dual SMS alert capabilities. The device merely detects the amount of LPG
leaking and sends out distress signals to two pre-specified mobile phone numbers,
displays a message on a liquid crystal display (LCD), and sounds an alarm. Gas leaks
are a serious risk that should be avoided in homes and businesses that use domestic
gas. taken seriously. To solve this issue, a system for the detection and monitoring of
gas leaks has been created. As part of the "LPG Gas Leakage Detection and
Monitoring System Utilizing IOT" project, a Raspberry Pi controller is also used. We
used the MQ9 gas sensor to locate the gas leak and a load cell to measure the amount
of gasoline present. The presence of gas is detected by the MQ9 gas detection sensor,
which also activates a speaker to produce sound and a buzzer to indicate the presence
of gas. The cylinder receives a force measurement from a load cell. As soon as the
cylinder's weight drops below three kilograms, the device will notify the user via
GSM. They suggested dividing the system under consideration into three distinct
phases: the input phase, the process phase, and the output phase. The main parts of
the system are the MQG6 gas sensor, the LPC2148 ARM7 microcontroller, the GSM
module, the buzzer, the relay, and the stepper motor. This technology's main goal is
to quickly detect and treat gas leaks. In this context, we define two set points, and
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either of these sets depends on the concentration of the gases in the air. We take a
number of steps immediately upon discovering the gas leak. A buzzer is triggered
when the gas leaks reach a level higher than set-point 1. to notify the user of a gas
leak. The user not only receives a text message notice, but also sees a message on the
LCD screen. This leads to the provision of a mechanical handle that uses an aster
motor to help close the cylinder's knob. The relay is triggered to cut off the power
supply when the gas leak reaches a level higher than set-point 2 in order to stop its
effects. In India, using cylinders filled with liquefied petroleum gas (LPG) is the most
popular way to cook. Gas leaks, not reported until discovered, cause the majority of
LPG-related explosions. Consequently, the use of LPG detection equipment is
required. The main objective of this system is to find and fix gas leaks in order to
stop hazardous explosions from happening at work. An automated regulator for
cutting off the gas supply is part of an LPG gas leak detection system. Using a
buzzer, LCD, and LED lights to monitor the user's levels and inform them the
solution presently being considered uses a combination of an Arduino-UNO
microcontroller and a MQ2 gas sensor to detect gas leaks. The system includes a
servo motor, which is in charge of turning on and supporting the regulator when it
engages.

which, when a gas leak is discovered, eventually leads to the gas supply being cut
off. In addition to being simple to implement, the technology is also highly affordable
and easily incorporated into existing gas distribution networks. The frequent
explosions brought on by gas leaks have emerged as a major source of worry in the
course of our country's daily operations. Utilizing technology whenever and
whenever it is feasible, under all circumstances, is vital in this era of fast
technological advancement. Utilizing technology to address the LPG gas issue could
potentially prevent the catastrophe. A microcontroller is a key component of the
system that functions in tandem with gas sensors, GSM technology, a buzzer, and a
display. The system is specifically designed to monitor and alert customers to any
LPG gas leaks using the MQ6 sensor. Individual parts of the present circuit include a
microcontroller, a display, a buzzer, a GSM module, and a MQ6 gas sensor. After
detecting the gas leak, the sensor will transmit the data to the microcontroller. The
microcontroller will then show a warning message on the display after making a
decision based on the supplied data. The user will then get this notice over a GSM
connection. Microcontrollers are a good starting point for the creation of embedded
control systems, which allow for quick and easy modifications to meet changing
needs.

By building a system that can identify gas leaks and promptly alert consumers ers,
they were able to guarantee the security of those who utilize cooking gas resources.
Additionally, it should lessen the possibility of home fires brought on by LPG gas
explosions. The results of a market study conducted on online e-commerce platforms
indicate that there are a number of devices on the market right now that may help
address issues related to cooking gas. The block diagram is shown in Figure 2. These
pieces of equipment, however, operate independently. Project Components and
Requirements.
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The code used to program the system is written in the C++ programming language.
Consequently, the logic of the system programs the MCU to execute certain
instructions. Think about the following situation: When the MQ?2 detects LPG gas at
a concentration of more than 500 PPM, the MCU will send a signal to the solenoid
valve to shut it, a signal to the SIM Module to contact the homeowner, and a signal to
the exhaust fan to turn it on. Figure displays some snapshots of the system code is

shown in Figure 3.

o

#include <SoftwareSerial.h>
SoftwareSerial sim(3, 2);
String numberl = "+968710€6671";
String number2 = "+96893641763";

String c;
unsigned long gsm_delay = 8;

|DOOl got_it = false;
bool call_1 = false;
bool call_2 = false;

#define buzzer 4
#define green LED 5

#define red LED 6
#define fan 7

Fig.3. SnapshotofSystem’sCode
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Fig.4. LPG Safeguarding Detection System 3D Prototype

Offering the project concept and a prototype to confirm the project's efficacy and
comprehensibility is quite intriguing. As a result, part of the project's objective is to
develop a very well-structured and effective prototype that will help with conducting
a clear simulation for the LPG Independent Safeguarding Detection System in
Homes' Kitchens is shown in Figure 4. A CNC machine is used to build a small home
kitchen. It shows the installation of all required system parts and components, such as
an exhaust fan, buzzer, LEDs, MQ2, and a solenoid valve that is linked to an LPG
cylinder. The remaining parts, such the MCU and the SIM Module, are hidden below
to show a neat and orderly prototype.

77 '7'
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Fig.5. LPGSafeguardingDetectionSystemPrototype.

By following a set of pre-programmed instructions, a computer numerical control
machine, often referred to as a CNC machine, can accurately conduct machining
operations on a number of materials, including metal, wood, plastic, and composites
[17]. A brief description of how it works is provided below:
The design phase is the first stage of the process, during which a three-dimensional
model of the component or item to be built is created using computer-aided design
(CAD) software. All of the necessary information about the dimensions, geometry,
and tool paths is included in the CAD file.
The CAD file is converted into a set of instructions during the programming phase,
usually in the G-code format, so that the CNC machine can comprehendthem. This
happens once the design is finished. The tool trajectories, cutting speeds, depths, and
other parameters required for precise product manufacture are defined at this step of
the programming process. During these setup procedures, clamps or vises are
commonly used to secure the material that will be machined onto the CNC machine's
work table. The machine's tool holders are filled with the required cutting tools in
order to finish the work. The operator is in charge of entering the CNC program into
the machine's computer control unit during the execution phase. The machine then
moves the cutting tool or tools along the predetermined paths with a high degree of
precision, following the instructions that have been programmed into it. The motors
that are in charge of this movement are controlled by the CNC system. Machining
Processes: According to the instructions programmed during the machining process,
the cutting tool or tools remove material from the workpiece. Depending on the CNC
machine's capabilities and the needs of the component being made, this may include
a number of processes, such as milling, turning, drilling, and grinding.
Continuous Monitoring and Quality Control: Operators may keep an eye on the
operation throughout the machining process to make sure everything is running well.
Furthermore, they could perform quality tests on the manufactured parts to confirm
the dimensional accuracy and surface finish.
For our prototype, a CNC machine was utilized in conjunction withforex
materialtoproducetheshapeand create the prototype.

The project's operating system may be described as follows: an Arduino Nano serves
as the main driver for the system and provides commands to output components
depending on the input element and the jointly written instructions. The input is a gas
sensor MQ-2 that is used to detect any LPG gas leakage and cascade it to the brain of
the system, which is the Arduino Nano. To carry out significant activities, which will
be discussed in further detail below, the outputs are selected with considerable care is
shown in Figure 6.
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Fig.6. Flow Chart of the Proposed Work

Based on my research into this protective mechanism, I was unable to find any
projects that were faultless. Even if each project lacks essential elements and some of
its arguments are not well stated, I still learned a lot from them. I am able to compile
all the information required to build a robustly justified LPG protection detection
system. The MQ?2 is intended to detect any LPG leaks in the kitchen area that exceed
500 PPM. It is crucial that the sensor be positioned precisely. Gas and smoke sensors
are usually placed vertically, as above burners or on the kitchen ceiling. The sensor
has to be placed 15 cm below ground level in this specific situation, however. This is
due to the fact that LPG gas is heavier than air, making it useless to position it above
the stove or kitchen ceiling. Four outputs must be immediately activated if any LPG
leak is found. The first outcome is an alarm buzzer that alerts those in the home and
around the kitchen. The next step is to give the homeowner a 30-second phone call.

The homeowner is notified via SMS messages in the majority of the related projects.
But I prefer to use a telephone alert instead of SMS texts. When it comes to quickly
alerting the homeowner to an emergency, phone calls are much more successful than
SMS texts. Additionally, if the first number does not answer within 30 seconds, it is
possible to specify a backup contact number for calls and alerts. The third output is
represented by the solenoid valve. The LPG gas supply is isolated via an off/on
valve. Usually, this valve is in the open position. A signal will be sent to the electrical
relay attached to the system, forcing the solenoid valve to shut if the LPG leakage
level above 500 PPM. Two LEDs may be attached to this solenoid valve since it
lacks a visual on/off status signal. A green LED indicates that the solenoid valve is in
the open position. "Red," which indicates that the solenoid valve is in a closed
position, is the designation for the second arrangement.
The exhaust fan is the final output. LPG gas leaks have the ability to accumulate in
small spaces, which poses a serious risk of explosion or suffocation in the absence of
proper ventilation measures. The goal of using an exhaust fan is to remove gas from
an area, which lowers the concentration of LPG and reduces the danger of fire or
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health hazards. Furthermore, LPG is very combustible; in the presence of a high gas
concentration, even a little spark might result in a fire or explosion. An exhaust fan
helps to lessen the chance of an accident by quickly clearing the kitchen of any gas
leaks. In addition to being flammable, LPG may cause asphyxiation in confined
spaces by dislodging oxygen from the environment. An exhaust fan makes it easier
for the space to be continuously ventilated, guaranteeing a steady flow of fresh air
and maintaining the ideal oxygen levels for residents.
However, 500 to 4000 PPM is the stated operating range for the exhaust fan. If the
LPG leak is serious and exceeds 4000 PPM, the exhaust fan will shut off on its own.
As was previously established, LPG has a Lower Explosive Limit (LEL) of around
2.1%, or 21,000 parts per million (PPM). In order to prevent explosions and fires, the
exhaust fan must be turned off before the LPG concentration exceeds the designated
threshold.

A connection is made between the Arduino Nano and the three-pin gas sensor MQ-2.
Furthermore, the output pin is connected to the analog wire, which is indicated by the
symbol AO, the ground pin is grounded, and the Vpin receives an external power
source of 5 volts. To run the exhaust fan, an electric relay is used, which acts as a
switch to regulate the amount of power given to the fan. One of the relay's output
terminals and one of the exhausted fan's terminals are then connected. An additional
output terminal of the relay is connected to the power source, which is 5 volts, and
another exhaust fan terminal, which is 12 volts, is connected to the power source. The
power supply is connected to both of them. For the Arduino Nano to operate using
the preset instructions, a connection is formed between the input terminal of the relay
and D8. This guarantees that the relay will switch its internal contacts as soon as it
receives the signal and is engaged. This will enable 12 volts of energy to pass from
the power supply to the exhaust fan, which will activate the exhaust fan. When
operating a solenoid valve, the same thing occurs. An electric relay that doubles as a
switch controls the solenoid valve that runs at 12 volts. D4 is linked to the Arduino,
and the other pin is grounded. A buzzer is attached to the Arduino. Additionally, the
Arduino is connected to the mobile GSM Module that has four pins each. The ground
pin is grounded, the transmission is linked to D3, the receiver pin is connected to D2,
the voltage supply control (VCC) is fed with a 5-volt supply, and the ground pin is
connected grounding path.

The system was found to have passed the test. Every time the MQ-2 gas sensor
detected gas at a concentration greater than 500 PPM, it was found that the MCU
would send commands to the following components: the buzzer would sound, the
solenoid valve would close (the green LED would turn off and the red LED would

turn to show that the solenoid was in the closed position), the fan would start up
within the preprogrammed range of 500—4000 PPM, and after 4000 PPM, it would
stop. Furthermore, the system would contact the other phone number, 936416363, if
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Fig.7. Project Circuit Diagram

a call was received at 71006671 and the caller did not leave a "Noted" SMS message.
The answer from the system was very much appreciated, cited and through a series of
experiments, it was possible to approve it. During the test run, we may develop
additional concepts, which we will cover in more detail in the "Future Development
and Further Upgrade" section.

3. Conclusion

The autonomous LPG safety detection system developed for domestic kitchens offers
a vital solution to mitigate the risks associated with LPG leaks. By detecting leaks in
real time and providing immediate alerts, the system significantly enhances safety,
reduces health hazards, and prevents potential property damage or loss of life. Its
affordability, ease of installation, and practicality make it a valuable addition to
homes, ensuring broad accessibility. The successful simulation and positive survey
feedback highlight the system's effectiveness and appeal to users, reinforcing its
potential to improve home safety on a large scale.

Future developments will focus on deploying the system in real-world environments
to test its performance under varied conditions. Integration with smart home systems,
such as Google Home or Amazon Alexa, could allow for automated safety responses
and remote monitoring. Additionally, improving sensor technology to detect other
gases, such as carbon monoxide, would enhance the system's versatility. A cloud-
based platform could enable continuous monitoring and data analysis, providing
users with real-time updates and remote diagnostics. Finally, efforts will be made to
reduce manufacturing costs and enable mass production, ensuring that the system
remains affordable and accessible to a wider population. These improvements would
further enhance the system's effectiveness and broaden its impact.
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