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ABSTRACT 

 

 

The Internet of things (IoT) has been a current topic of interest. It creates an interconnection between 

electronic devices, computers, and human beings. Implementing IoT can be highly beneficial for humanity 

for various reasons, such as safety. The accidents which occur due to flammable gas explosions and 

leakage have been an ongoing problem in Bangladesh. While many settlements possess safety anti-fire 

alarms, it is noteworthy that such facilities are not accessible by the majority of the people in our country. 

Thus, we developed a gas detecting device that acts according to how it is programmed to systematically 

let the user know of an abrupt change in gas concentration in the surroundings where the device operates 

and, hence, work accordingly to lower the risks of any adverse development as explosions or fire. Ideally, 

the device is placed around stoves, machines, or any place where flammable gas exposure is present. The 

whole architecture has four parts ï 1) Simulation, 2) Mechanical, 3) Electrical, and 4) Software. In this 

thesis, to prove our whole concept, we will simulate the software, hardware, and electrical parts in depth. 
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Chapter 1 

 

Introduction  
 

1.1 Aim of the project 

 

We cannot depart from gas stoves any time soon, so we created a safety device that alerts people to 

potential fire risks, known and referred to as the gas stove safety device. We define these fire risks in our 

high-level requirements as: 

 The device must be able to detect when the stove is on, issuing an intermittent warning. 

 After issuing an intermittent warning, it will warn a dedicated person by a CALL/SMS from the 

GSM module. 

 The device must detect when a dangerous amount of flammable gas is in the air, defined as 

5,000ppm methane, 2,100ppm propane, or 1,600ppm butane, triggering an immediate alert. 

 After that, it will cut off the gas supply from the mainline by using a servo motor to rotate the 

valve by 90 degrees, and the exhaust fan will start.  

 After cutting off the gas, it will start an exhaust fan which will take out the remaining gas from the 

place. 
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1.2 Background 

 

The alarming situation of accidents due to gas leakage is evident by recent events which occurred. In June 

2021, a three-storied settlement was destroyed due to a severe gas explosion in the capital of Dhaka, 

resulting in several casualties and serious injuries. In 2020, Narayanganj, deaths due to fire were recorded, 

which concluded deaths due to this matter were higher than casualties due to Covid-19 during the peak 

stages of the pandemic. A total of 94 blasts occurred during that period, during which 44 people faced 

death. One of the most tragic incidents occurred at a Mosque, when 37 people were reportedly affected 

by a gas explosion which occurred when a gas line erupted underneath the mosque, resulting in several 

casualties. Moreover, several deaths went by undocumented as victims of gas explosions underwent 

medical proceedings in hospitals before facing their inevitable demise. Finally, the data and statistics trend 

of deaths due to gas leakage convey that this problem has been ever-existing and has been consistently 

occurring in Bangladesh, mainly due to the unawareness of concerned citizens, authorities, and the 

governing bodies of those areas.  

 

 

1.3 Motivation  

 

The Internet of things (IoT) has been a current topic of interest. It creates an interconnection between 

electronic devices, computers, and human beings. In modern times, technology benefits humanity in 

various ways and builds systems that ensure its users' safety from dangers that may unwantedly arise. 

Accordingly, leakage of gas is one of the significant problems in the present era. In this modern 

technological world, almost everything we use contains gases like Methane, Propane, Carbon Monoxide, 

Liquefied Petroleum Gas (L.P.G.), and other fuel sources. Both in industrial and residential sites, these 
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gases are being used grandly. As a result, accidents due to gas leakage have become very frequent. 

Dangerous gases can bring harmful effects as they may cause explosions and fire, resulting in severe 

burns, damage of property, injuries, and even death of people. Several accidents have already taken place 

in different areas of Bangladesh. A gas detecting device could be the key to reduce such catastrophic 

situations from occurring again. Accordingly, we wanted to create a system that can solve the problems 

by detecting gas leakage, alerting the users, and automatically shutting the system down to prevent serious 

accidents. 

 

 

1.4 Literature Review 

 

As discussed above, gas leakage has become a significant problem as it can bring harmful effects to 

humans and the environment. Hence important research was conducted, and papers such as the following 

made a substantial contribution. 

For example, ñGas sensors based on nanostructured materials" by Giselle Jimenez-Cadena, Jordi Riu and 

F. XaveRius (2007), ñDesign and Development of Gas Leakage Monitoring System using Arduino and 

Zigbeeò by Huan Hui Yan from University of Malaya and Yusnita Rahayu from Universitas Riau (2014), 

ñGas Leakage Detection System (GLDS)ò by D. Simbeye from Dares Salaam Institute of Technology 

(2013), ñSensor- Based Gas Leakage Detector System'' by Mohammad Monir Ujjaman Khan (2020), 

ñL.P.G. Gas Leakage Detection and Alert System'' by E. J Leavline, D. Asir Antony Gnana Singh, B. 

Abinaya, H. Deepika from Anna University, BIT Campus, Tiruchirappalli-24 (2017), ñFPGA-GSM based 

gas leakage detection systemò by T. Arpitha, D. Kiran, V.S.N. S. Gupta, Punithavathi Duraisamy (2016) 

are some of the significant ones on this topic. 
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In their research ñDesign and Development of Gas Leakage Monitoring System using Arduino and 

Zigbeeò done by Huan Hui Yan from the University of Malaya and Yusnita Rahayu from Universitas Riau 

(2014), they have built a system that can detect and monitor leakage of gas using Arduino UNO 

Microcontroller, MQ-9 gas sensor, Zigbee and LEDs. They designed the sensor in such a way so the 

sensor can immediately detect the leakage of gas, obtain data from that place and display it in the 

monitoring system. Based on the sensor's voltage output, this sensor will detect the gas concentration and 

will be used in the alarm system, control system, and monitoring system. 

D. Simbeye from Dares Salaam Institute of Technology (2013), in his study ñGas Leakage Detection 

System (GLDS),ò mainly focused on detecting gas leakage and providing security using short message 

service (CALL/SMS) and wireless technology. 

Mohammad Monirujjaman Khan (2020) proposed a sensor-based system that detects, alerts, and controls 

gas leakage. In his study, he used Arduino Uno, an MQ-6 gas sensor in order to detect the leakage of gas, 

and a buzzer as an alarm system to alert the users about gas leakage. MQ-6 can detect gas from 200ppm 

to 10000ppm. The system will trigger the buzzer to notify the users if the gas in the air exceeds the safety 

threshold.  LCDs have been added to show whether or not a gas leak has been observed. 

In their paper ñLPG Gas Leakage Detection and Alert System,ò E. J. Leavline, D. Asir Antony G. Singh, 

B. Abinaya, H. Deepika (2017)   have simply represented a battery-operated portable system which can 

spot the leakage of gas and can alert by the aid of a buzzer. They utilized a sensor with a high sensitivity 

MQ-6 gas sensor with a quick reaction time which can detect LPG concentrations between 200ppm and 

10,000ppm. 

In the paper ñFPGA-GSM based gas leakage detection systemò by T. Arpitha, Divya Kiran, V.S.N. 

Sitaram Gupta, Punithavathi Duraisamy (2016), they have presented a system that can detect leakage using 
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FPGA and warn the users by sending short message service (CALL/SMS). They have used an 8-bit ADC 

to convert the sensor analog voltage into digital. In FPGA, the data from ADC is analyzed, and if any 

leakage is detected GSM module sends a CALL/SMS to the stored number to warn the consumer. 

Universal Asynchronous Receiver Transmitter (UART) has been used as the interface between the FPGA 

and GSM modules. 

Gas detectors are now available in a variety of forms, including a gas sensor made of nanostructured 

material, gas leakage detection with monitoring and alarm system, wireless installation, and so on. In our 

study, we have added several useful features to innovate the gas detector so that the system can 

automatically prevent any kind of accident without any human interaction. We have added a buzzer that 

will alert the users when the gas concentration is higher than usual, LEDs, and LCDs to show the detection. 

GSM module (SIM800L) will notify the users by calling them on the given number if any gas leakage is 

detected. A DC motor powers an exhaust fan for removing excessive and unwanted gas, fumes, and smoke 

from the area.  
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Chapter 2 

Components 

2.1 Hardware Components 

 
2.1.1 Arduino UNO R3 

 

The Arduino Uno is an open-source microcontroller board designed by Arduino.cc and based on the 

ATmega328P microprocessor. The Arduino UNO has 14 digital pins that can receive and transmit signals. 

Using the Arduino Integrated Development Environment (IDE) on a computer, six pins send PWM output, 

and six pins receive analog and programmable inputs. An Arduino's primary source of power is a 9-volt 

battery or a USB connection. The Arduino can function with a voltage range of 7 to 20 volts. 

In our project, we made use of Arduinoôs Analog Input pins. Prompts from the MQ-2 Gas Sensor reach 

the Arduino Microcontroller. Next, signals to a servo motor (Connected to the gas knob) operate to cut 

the connection from the gas source. Simultaneously, an exhaust fan replaces the accumulated gas inside 

the kitchen; a message is delivered to the user via a GSM Module to notify him of gas leakage. In contrast, 

the buzzer alarm and LCD receive signals to be switched on and let users nearby of the occurrence of gas 

leakage.   

 

Figure 2.1 ï Arduino UNO R3 
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2.1.2 Ball Valve 

 

The ball valve is primarily known as a flow control device that makes use of a rotary ball with an opening 

in the center of the ball. This device either allows gas flow through it while it is open or completely shuts 

down the flow of gas through it once rotated by an angle of 90 degrees. We have used the ball value as it 

is very sturdy and, over a long period, can still perform its duty without faults whatsoever. Since we are 

installing a ball valve in the gas carrying pipe, we have made sure the ball valve can withstand the flowing 

gas pressure. A ball valve can handle pressure up to 100MPa/ 15,000 psi while working in conditions 

where the temperature may rise to about 400 °C; hence, through research and studies, we have selected 

the ball valve as the most suitable instrument which would aid us to stop the flowing gas through a gas 

line once a leakage activates the device. 

 

Figure 2.2 ï Ball Valve 
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2.1.3 GSM Module 

 

The GSM module, or global system for mobile communication, is the communication channel that 

establishes a link between different system sites. It is a wireless system that uses mobile technology to 

transmit data from one distant network to another. The GSM module comes in a variety of configurations, 

including SIM900, SIM300, and SIM800. We utilized the SIM900A GSM module, which offers a variety 

of services including voice, CALL/SMS, data, and fax, all of which are associated with a specific 

frequency or quad-band of 850MHz, 900MHz, 1800MHz, and 1900 MHz assigned by the GSM module. 

It operates in the 5V supply voltage range. It has a power consumption of 2A and can operate at 

temperatures ranging from -40 to +85 degrees Celsius. To use the GSM module, a SIM card is needed. 

We can connect the TX pin of the GSM module to the RX pin of Arduino and the RX pin of the GSM 

module to the TX pin of Arduino to link the GSM module with Arduino. When the system detects any 

leakage, the suggested GSM module gets a signal and transmits text and voice calls to the specified 

number. 

 

Figure 2.3 ï GSM Module 
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2.1.4 Gas Sensor 

 

The MQ-2 sensor can detect a wide range of gases, including methane, carbon monoxide, alcohol, 

hydrogen, LPG (Liquefied Petroleum Gas), propane, and smoke. Metal Oxide Semiconductor (MOS) type 

Gas Sensor is sensitive to small changes in gas concentration and quick time response. Gas concentrations 

can be recorded using a simple voltage divider network. The MQ-2 sensor module comes with four male 

headers, allowing it to be readily connected to an Arduino Uno with jumper wires. The operating voltage 

of the MQ-2 sensor is 5V. It can detect concentrations of Methane, Carbon Monoxide, LPG, Alcohol, 

Propane, Hydrogen, and smoke anywhere from 200 to 10000ppm. The sensor has two layers of fine 

stainless-steel mesh, which are called an Anti-explosion network. It protects the sensor and ensures the 

particles inside the sensor are not causing any explosion because of the flammable gases. The MQ-2 

sensor's construction materials contain SnO2 (Tin Dioxide), which is the most significant substance 

sensitive to combustion gases. When any gas leakage is detected, the sensorôs conductivity rises 

proportionately with the increasing gas concentration. The MQ2 Gas sensor module is simple to connect 

to the Arduino. VCC pin connected to the Arduino's 5V pin and the GND pin to the Arduino's Ground 

pin. AO pin connected with the Arduino's A1. When the sensor detects any leakage or senses a higher 

amount of gas concentration than usual, it will signal the microcontroller to monitor it and send it to the 

buzzer, LED, GSM module, and an exhaust fan. 

 

Figure 2.4 ï Gas Sensor 
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MQ Gas detectors come in different varieties which sense different types of gas as follows: 

 

Gas Sensors Gas Detected 

MQ-2 

 

Methane, Butane, LPG, smoke 

MQ-3 

 

Alcohol, Ethanol, smoke 

MQ-5 

 

Natural gas, LPG 

MQ-6 

 

LPG, butane gas 

MQ-7 

 

Carbon Monoxide 

MQ-9 

 

Carbon Monoxide, flammable gasses 

MQ-131 

 

Ozone 

MQ-135 

 

Air Quality (CO, Ammonia, Benzene, Alcohol, 

smoke) 

MQ-136 

 

Hydrogen Sulfide gas 

MQ-137 

 

Ammonia 

MQ-138 

 

Benzene, Toluene, Alcohol, Acetone, Propane, 

Formaldehyde gas, Hydrogen 

MQ-214 

 

Methane, Natural gas 

Table 2.1. Types of MQ Gas Sensor 
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2.1.5 Exhaust Fan: 

 

Exhaust fans extract smoke, fumes, and pollutants from an area and expel them outside for disposal. 

Increasing amounts of gas fumes may cause severe accidents in the area. Therefore, exhaust fans are 

instrumental in avoiding them and getting rid of unnecessary and excessive gases. The blades of the fan, 

which draw air out of the area, are turned on using a motor. 

 

Figure 2.5 ï Exhaust Fan 
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2.1.6 I2C (Inter -Integrated Circuit)  

 

It is also known as I2C (Inter-Integrated Circuit) or IIC (Inter-Integrated Circuit); which is a synchronic, 

multi-master, multi-slave, single-ended serial communication bus developed by Philips Semiconductors 

in 1982. It is commonly used to connect lower-rate peripheral ICs to CPUs and microcontrollers in short-

range inter-board communication. We used Inter-Integrated Circuit to reduce the LCD connection and 

make the circuit comfortable to work with, and relieve some tension. 

 

Figure 2.6 ï I2C (Inter-Integrated Circuit) 
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2.1.7. Servo Motor 

 

A servo motor is an electromechanical device that creates torque and speed based on the current and 

tension provided. A servo motor functions as part of a closed-loop, giving torque and speed control from 

a servo controller that uses feedback equipment to close the loop. Servos are used primarily for the angular 

or linear position and specific velocity and acceleration. 

After detecting the gas by MQ2 sensor, a signal from the Arduino is delivered to the servo which will fix 

the direction of the valve. The valve will rotate 90 degrees, and the gas supply will be cut off. 

 

Figure 2.7 ï Servo Motor 
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2.1.8 LED and Buzzer 

 

An LED bulb generates light by sending an electric current through a semiconducting material, the diode, 

which subsequently emits photons (light) using the concept of electro-luminescence, which simply says 

that when electricity is supplied to a material (in this example, the diode), it emits light. 

The buzzer is made out of an exterior casing with two pins for power and ground connections. It comprises 

a center ceramic disc surrounding by a metal (typically bronze) vibration disc found inside. The ceramic 

disk contracts or expands when electricity is delivered to the buzzer. 

 

Figure 2.8 ï LED and Buzzer 
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2.1.9 Breadboard 

 

Before finishing any circuit design, a breadboard is used to quickly develop and test circuits. Connection 

points on the breadboard allow circuit components like as ICs and resistors to be added. A breadboard is 

a construction platform for electronics prototyping. Originally, the term meant to a physical breadboard, 

and translucent principally refers to a flexible, polished piece of wood used for bread slicing. This makes 

it simple to use for making temporary prototypes and circuit design experiments. 

 

Figure 2.9 ï Breadboard 

 

 

 

 



29 | Page  

2.1.10. LCD 

 

LCD is a type of electronic display device that shows messages and information. As the name implies, it 

has 16 columns and 2 rows, allowing it to display a total of 32 characters, each of which is made up 

of 40 Pixel Dots. As a result, the total pixels in this LCD are 1280 pixels.  

Multi -segment LEDs are used extensively in 16 X 2 screens. Various types of displays are available in the 

market with various combinations; however, LCD 16 x2 is widely used in devices, DIY circuits, and 

electronic projects due to its low cost, programmability, and ease of use. 

 

Figure 2.10 ï LCD 
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2.2 Software Components 

 
2.2.1 Arduino 

 

The Arduino Software (IDE) is user-friendly for beginners. It is very much easy to write code with the 

software and upload it to the Arduino board. This software supports many operating systems. It's 

compatible with Mac, Windows, and Linux. It is used to make low-cost scientific equipment, prove 

various subject-oriented notions, and learn programming and robotics. Using the IDE platform, we create 

the main code, also known as a sketch, which will generate a óHex File,ô and the hex file is then uploaded 

in the controller on the board. 

Figure 2.11 ï Arduino Software 

We have used Arduino software for our project as our project is totally Arduino-based, so we did not have 

any other option. While doing this project, we found that some libraries were not pre-installed in Arduino 

Software like LCD integrated with I2C module, different types of gas sensor, GSM module etc. 

                          

We had to install those libraries for creating our desired code. For this reason, we had to visit various 

websites and learn how to add or install those library files to the Arduino software. When we used Arduino 

software to create code for the software simulation, we did not have to install those library files externally. 
























































































