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Abstract  
Environmental pollution with harmful gases, the accumulation of heavy metals, ozone layer expanding hole, 

climate changes and disasters raised a question regarding the environmental protection. Automobiles as a modern 

lifestyle necessity are main pollution culprits: up to 80% of air pollution in cities is due to cars emissions. PB, 

CO, HC, NO, CO2, and N are components of the internal combustion diesel and gasoline fuel engines exhaust. 

Emissions from burning Liquefied Petroleum Gas (LPG) do not contain SO2 leading to acid rain. The LPG CO 

and NO emissions are relatively low compared to other fuels. LPG burning in internal combustion engines is up 

to 100% due to its physiochemical properties-uniform gas and air physical state ensures a homogeneous fuel 

mixture resulting in complete combustion. Based on these LPG benefits, there is a trend of LPG increasing use 

as fuel for households and industry. Unfortunately LPG use led to many accidents related to gas leakage: fire and 

explosion due to faulty installations or unpredictable damage during gas installations operation. The aim of the 

study was to provide a device reducing the incidents due to LPG use. The Arduino platform used to realize the 

device contained two microcontrollers-ATmega328 as a main microcontroller performing the desired action and 

ATmega16U2 to communicate with a PC. An analog sensor gas MQ-6 was attached to the microcontroller. In 

gas presence the created device was able to sound and light signaling.  

 

Practical applications  

The implementation of such device could be considered as crucial due to the reduction of explosions and fires 

caused by a gas leak. The device can be used for auto gas equipment setting. 
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Introduction 

The use of LPG in household and transport leads to 

a number of incidents like gas leakage, ignition and 

explosion due to plant malfunctions or unpredictable 

damage to the operation of gas installations. 

Unfortunately, most of the incidents are tragic, 

leading to hundreds, perhaps thousands of victims 

globally. In many cases, innocent people from each 

age group are among the victims. Material damage 

is also not negligible. Dozens of families remain 

homeless. On December 20, 2015, a gas explosion 

crashed a part of a building in Volgograd, resulting 

in 11 people, including two children, injured, and 

105 families were left homeless. The experts 

believed it was a gas leak (news.bg, 2016). On the 

other hand, environment pollution with harmful 

gases, heavy metals accumulation along roads, the 

expanding hole in the ozone layer, climate change 

and disasters are more often raising the question of 

environmental protection. Modern man life style and 

the busy everyday work make car a necessity and an 

indispensable part of human activity. Unfortunately, 

exactly cars are the main culprits for the 

abovementioned disasters as most of air pollution in 

cities is due to the harmful emissions from cars using 

gasoline and diesel fuel. Worked off gases from 

internal combustion engines (ICE) contain PB, CO, 

HC, NO, CO2, N and other elements. The amount of 

the listed pollutants depends on the composition of 

the fuel mixture, the way the combustion proceeds 

and the catalyst state. CO2 that is one of the acid rain 

causes does not contain SO2. CO and NO emissions 

are less compared to other fuels. The propane-butane 

combustion during the operation of ICE is up to 

100%, due to its physicochemical properties - the 

uniform physical state of natural gas and air that 

guarantees a homogeneous combustion mixture 

leading to complete combustion. The trend is 

increased propane-butane usage as a fuel for the 

household and industry. 

Considering the above mentioned arguments, a 

conclusion was made that the creation of a 

microprocessor gas accounting device is of utmost 

importance to humanity. First of all, the device will 

help to record gas leakage, to control the flow of gas 

through an electromagnetic valve, to disclose the 

surrounding in case of a gas installation irregularity 

having the possibility to report to the relevant public 

services. Such a device would reduce the casualties 

of explosions and fires caused by gas leaks, helping 

to take premature measures to prevent blasts and 

fires in household and industry. The micro-

processor device will support the evacuation of 

buildings when an irregularity occurs through 

sound, light and other signaling before the gas has 

ignited. This will also reduce material damage. 

The main purpose of this scientific work is to create 

a device that will reduce the incidents resulting from 

the LPG use. 

 

Materials and methods 

 

Microcontroller 

Various micro-controllers are available on the 

market. Table 1 discusses the most popular arduin-

based microcontrollers for general purpose. The 

arduino platform is chosen precisely because it is 

open software and open hardware. It also has a free 

development environment and compiler. 

The AT Mega 328 PU microcontroller that is a part 

of the Arduino Uno platform (Atmel, 2016) is used 

to implement the device. It is built of two 

microcontrollers ATmega 328 as the main 

microcontroller, performing the desired actions and 

ATmega 16U2 for ATmega 328 programming and 

communication with PC. The main microcontroller 

has 17 digital inputs / outputs, 6 of which can be 

used as analog outputs via PWM and additionally 

the controller has 6 analogue inputs multiplexed to 

10 bit analogue digital converter with sampling 

frequency up to 62.5 kHz (Fig. 1, Table 1). 

AT Mega 328 was chosen because of the large 

program memory (32 kB) which allows more 

complicated program logic, provides a memory 

store for updating the software, adding new 

functionality. Random access data memory is also 

larger in volume than the other microcontrollers 

discussed in Table 1. 1. 

 

Sensor 

Gas sensors are chemical and physical. They 

transform chemical or physical information into 

energy that can be transformed into an electrical 

signal. When the sensors are physical no chemical 

reaction occurs in the sensor receptor. Instead, the 

signal is formed basing on a physical magnitude 

measurement like mass, light refraction index, 

temperature, conductivity and so on. In chemical 

sensors the signal is generated as a result of a 

chemical interaction between the receptor and the 

gas being measured. The sensitive layer of the 

receptor is made of various oxides such as tin oxide 

(SnO2), zinc oxide (ZnO), ferric oxide (Fe2O3), 

tungsten trioxide (WO3), titanium dioxide (TiO2) 

etc., depending on gas type and on the concentration 

to which the sensor has maximum sensitivity. When 

adding impurities (Pd, Au, Ag, Cu, etc.) to the 

sensitive layer, the sensitivity of the sensor can be 

improved. Gas molecules cause physical and / or 
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chemical changes in the sensing element. That is the 

reason for changing the electrical properties of the 

sensor. The changes induced in the sensing element 

of the sensor are reversible, so the sensor can be used 

repeatedly. The heating element provides the 

operating temperature of the sensitive layer. The 

heater is heated differently according to the type of 

gas to be read as the temperature reaches over 500 ° 

C. 

 

The main features of gas sensors are:  

 Sensitivity - reflects signal variation when 

changing the concentration of the measured 

gas; 

 Selectivity - expresses gas sensor 

characteristics: the signal is changed by 

different types of gas or by a specific gas. 

 Limit of reporting - the minimum 

concentration at which the presence of a 

particular gas can be accounted for under 

certain conditions; 

 Linearity - linearity of input / output. the 

characteristic of the sensor; 

 Resolution - the lowest concentration 

difference that can be taken into account; 

 Response time - the response time of the 

sensor to change the concentration from 

zero to a certain value; 

 Recovery time - the time for which the signal 

is initialized when the concentration jumps 

from any value to zero; 

 Operating temperature - the temperature at 

which the sensor has maximum sensitivity; 

 Hysteresis - Sensor parameters depend not 

only on those that describe it. Its current 

state and behavior is determined by the gas 

interaction process with the receptor. 

Modern metal oxide sensors are realized by thin-film 

technologies where the thickness of the sensitive 

layer is in the range of 6 ÷ 1000 nm. Thin-film 

technology is used for faster response and higher 

sensitivity. The selectivity of gas sensors is 

improved by using filters and ligation of the 

receptor. 

The sensing layer of the sensors comes into contact 

with any substances, some of which are aggressive, 

during the measurement process,. In order to 

preserve sensor properties for long time, precious 

metals are used in the sensible element that makes 

the sensor more expensive. During the first 48 hours, 

due to the heating of the sensitive layer to high 

temperature, processes of recrystallization begin, 

which change sensor parameters like sensitivity, 

selectivity, resistance. After 48 hours of operation, 

the parameter change rate almost stops, so 48 hours 

of continuous operation is left before the sensor is 

used. This is done in order to stabilize the 

parameters. 

Table 2 presents different types of sensors and the 

type of gas that is suitable for the different gases. 

The analogue Gas Sensor MQ-6 was selected. It is a 

group of metal oxide gas sensors. Its principle of 

operation is based on the change of metal oxide 

semi-conductor conductivity in the presence of gas. 

The sensor is composed of a heating element and a 

sensing element (Figure 2). Figure 3 shows corpus, 

terminals and a way of connecting the sensor 

(Hanwei, 2016). 

MQ-6 detects different gases at concentrations of 

200 to 10000 ppm (Table 3). 

The measurement result of MQ6 is influenced by 

the environmental atmospheric humidity (Figure 4). 

However, the low cost and affordability of the 

market make the MQ-6 quite popular. 

 

Display 

A 16x2 alpha-numeric monochrome display 

LCM1602C was used to create an autonomous 

device. The display has 2 lines and displays 16 

characters per line. Characters are depicted in white 

on a blue background. The LCM1602C has a parallel 

interface that reserves 11 of the terminals of 

ATmega 328 with general purpose. The operating 

range of the display is from -20 ° C to +70 ° C. In 

order to reduce the number of inputs / outputs used, 

a module could be used to transform parallel 

communication into serial. 

 

Results and discussion 

Sensor connection to the microcontroller and the 

computer (hardware implementation). Figure 5 

shows the connection of a sensor to a 

microcontroller. The MQ-6 is connected to one of 

the ATmega 328 ADC terminals. It is powered by a 

5 V / DC voltage and has an average current 

consumption of 200 mA. The output interface is 

designed to provide an analogue signal. The 

analogue output generates a signal with a level 

dependent on the reported gas concentration. The 

ATmega 328 ADC outputs are six, which means that 

when creating a multisensor system, it can be 

connected up to six sensors and different points 

could be controled. Multiplexers or other 

microcontrollers could be used to connect more than 

six sensors. 

In order to reduce the measurement error caused by 

air humidity, it is intended to install temperature and 

humidity sensors aiming the software to compensate 

the error. 
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Software conversion 

Figure 6 shows the algorithm which was used for the 

software device implementation. A one-time 

initialization occurs when the device starts working. 

The sensor value is read continuously and is 

displayed until the device is switched off. In case 

there is a gas leak, the alarm module is triggered 

immediately and the measured leakage is visualized. 

The alarm module may be an acoustic and / or light 

signaling, performing specific actions such as 

stopping the gas supply and / or dialing a telephone 

number. 

 

Device set up  

The sensitivity of the microprocessor device can be 

adjusted by a trimmer (Figure 7). The read results 

are continuously displayed (Figure 8), allowing easy 

adjustment of the sensor. If necessary, data can be 

transferred to a computer and analyzed for different 

setup modes. 

 

Conclusion 

A microprocessor device was designed to measure 

propane-butane gas. It can measure gas at a 

concentration of 200 to 10,000 ppm. Working 

capacity of the device was proved with a number of 

tests under real conditions (in a service installation 

for gas installations). The base unit price calculated 

in September 2016 is 97 Eu. This price makes the 

device applicable to households. 

The device operates on low voltage and has low 

current consumption, allowing battery power and 

preventing sparkle. 

The sensor can be used quite successfully as a tool 

for tuning automotive gas system. It has been found 

that the sensor use will allow a vehicle gas system to 

be set so that the presence of propane-butane gas in 

the exhaust gases is reduced to 5-10%. This would 

lead to better vehicle performance, namely a good 

fuel/power ratio. The built-in microprocessor device 

helping the automotive gas systems fine-tuning, is 

both economically and environmentally grounded. 
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Figure 1. Arduino platform 

 
 

Figure 2. Gas sensor structure 
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Figure 3. MQ-6 - pins and connections 

 

 

 
Figure 4. Measurement of equal concentrations of gas (LPG) at different humidities 
Rо sensor resistance at 1000 ppm LPG in the air at 65% humidity and temperature 20 °C; 

Rs sensor resistance at 1000 ppm LPG in the air at 33% and 85% humidity. 
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Figure 5. Connection scheme of АТmega 328 

with MQ-6 

 
Figure 6. An algorithm describing the logic of 

the program

 

 
Figure 7. The gas sensor with the trimmer 

 

 

 

 

 
Figure 8. The display showing measurement 

results 

 

Table 1. Comparison of AT microcontrollers 

Begin

Initialisation of 
input/output 

devices

Reading a value 
of MQ-6

Visualization of 
read value on LCD 

display

Leak?

Alarm

Power on? End

Yes

Yes

No

No
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Parameter 
AT microcontroller 

Mega 328 PU Mega 168 PU Tiny 85 PU Tiny 45 PU 

Data Bus Width 8 bits 8 bits 8 bit 8 bit 

Maximum Clock Frequency 20 MHz 20 MHz 20 MHz 20 MHz 

Program Memory Size 32 kB 16 kB 8 kB 4 kB 

Data RAM Size 2 kB 1 kB 512 B 256 B 

ADC Resolution 10 bit 10 bit 10 bit 10 bit 

Minimum Operating Temperature -40 °C -40 °C -40 °C -40 °C 

Maximum Operating Temperature +85 °C +85 °C +85 °C +85 °C 

Data ROM Size 1 kB 512 B 512 B 256 B 

Data ROM Type EEPROM EEPROM EEPROM EEPROM 

Number of ADC Channels 6 6 4 4 

Number of I/Os 23 23 6 6 

Number of Timers/Counters 3 3 2 2 

Program Memory Type Flash Flash Flash Flash 

Operating Supply Voltage 1.8 to 5.5 V 1.8 to 5.5 V 1.8 to 5.5 V 1.8 to 5.5 V 

Mounting Style Through Hole Through Hole Through Hole Through Hole 

Package/Case PDIP-28 PDIP-28 PDIP-8 PDIP-8 

Interface Type 
1-Wire, I2C, 

SPI, USART 

1-Wire, SPI, 

Serial, USART 
USI USI 

 

Table 2. Gas Sensor Comparison 

Sensor Gas 

MQ-2 Methane, Butane, Propan-Butan, Smoke 

MQ-3 Alcohol, Ethanol, Smoke 

MQ-4 Methane, CNG Gas 

MQ-5 Natural gas, Propan-Butan, Combustible gases 

MQ-6 Propan-Butan, Natural gas, Iso-butane, Propane 

MQ-7 Carbon monoxide 

MQ-8 Hydrogen 

MQ-9 Carbon monoxide, Flammable gasses 

MQ-131 Ozone 

MQ-135 Benzene, Alcohol, Smoke 

MQ-136 Hydrogen Sulfide gas 

MQ-137 Ammonia 

MQ-138 Benzene, Toluene, Alcohol, Acetone, Propane, Formaldehyde, Hydrogen 

MQ-214 Methane, Natural gas 

MQ-216 Natural gas, Coal gas 

MQ-303A Alcohol, Ethanol, Smoke 

MQ-306A Propan-Butan, Butane 

MQ-307A Carbon monoxide 

MQ-309A Carbon monoxide, Flammable gases 

MG-811 Carbon dioxide 

AQ-104 Air quality 

AQ-2 Combustible gases, Smoke 

AQ-3 Alcohol, Gasoline 

AQ-7 Carbon monoxide 
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Table 3. Technical date of MQ6 sensor 

Parameter Value 

High Sensitivity LPG, iso-butane, propane 

Working Voltage 5 V 

Heater Resistance 33 Ω 

Heating Consumption 0.75 W 

Related Humidity 95% 

Sensing Resistance 
10 kΩ – 60 kΩ 

(200 – 10000 ppm) 

Gas Sensing Layer SnO2 

Preheat Time over 24 hour 

 

 


