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Abstract 
 

The air quality is one factor that determines a person's health. This study uses a sensor that is 
sensitive to cigarette smoke gas and CO gas is MQ–2 sensor and MQ–7 sensor and the entire 
system is controlled by an Arduino Uno working based on fuzzy logic. The system was 
implemented for a closed room using fans. Fuzzy logic method with two inputs from the 
sensors, an output of pulse width modulation (PWM) and nine rules was used control fan 
speed. Fuzzy logic output is divided into five conditions. In PWM, value of 43 represents the 
condition slowly while the PWM value of 203 representing the conditions very quickly. 
Voltage at the output of the system under test with a calculation based on the duty cycle and 
measurement using a multimeter has a difference that is not constant in each condition. The 
greater the voltage generated, the greater the difference between the results of measurements 
and calculations. However, the input value is directly proportional to the value of output.  
 
Key words: gas control system, fuzzy logic, PWM, Arduino Uno. 

 
 
Introduction 
 

The air is healthy to be one of the factors that determine a person's health. Both were in open spaces or 
in an enclosed space air quality affects the quality of healthcare. In a closed room with a quantity of people in 
the room, affects the air in the space. 

Gases such as carbon monoxide (CO), carbon dioxide (CO2), and methane (CH4),are harmful gases if 
breathed in by humans. The simplest result of excess gas is blown, and the most dangerous is that it can cause 
death. With a certain level of effect would a person experiences can occur in a vulnerable time. 

Therefore, a room must set air inside. The setting is meant to be directly proportional to the air 
condition in the room. Fans are used to circulate air in the room, will rotate according to the changing content 
of the gas that is read by the sensor. In this study, a system that will control the composition of the gas in the 
room was designed. The system used two sensors as detecting the presence of CO gas and smoke. This 
system was be controlled by fuzzy logic, was have fans and circulate air in the room. 

The previous research has been conducted by Febriantono (2014) had made an arrangement designing 
gas in the smoking room to be controlled by PID. In other one, it had been realized a system that can monitor 
a room against the gas CO (Liangdo & Wibowo, 2008). We were motivated to develop a system which is 
controlled by fuzzy logic. The advantages of using fuzzy logic has also been demonstrated (Roswaldi & 
Mooduto, 2004). Here, we enhanced to the existing work, in addition to gas sensor smoke, we also add 
sensors that are specifically sensitive to CO gas. Due to the addition of sensors and control of the fuzzy logic, 
it is expected the system can be controlled better.  

This paper is organized as follows. In the next section we will present a brief theory of devices used in 
this research including gas sensors (MQ–2 and MQ–7), Arduino Uno, motor driver (L298N), direct current 
(DC) fan, fuzzy logic system, and pulse width modulation (PWM) system. In third section, we describe the 
methodology for design and realization of gas control system based on fuzzy logic which is addressed in this 
study. We present the result and discussion in fourth section. We end with the conclusion. 
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Theory 
 
MQ–2 Gas Sensor 

MQ–2 gas sensor is used to detect gases that are considered by sensors as cigarette smoke. When the 
sensors detect the presence of smoke is the resistance of the sensor will change and affect the value of the 
sensor output.  

The sensor consists of ceramic Al2O3, SnO2 as the sensitive layer, as well as a silver electrode. Sensor 
MQ–2 has a 6–pin, there are 4 pins for reading gas and two for current providers. Additionally, these sensors 
can work up to 24 hours. These sensors can work at a temperature of 20 °C to 50 °C. MQ–2 sensor 
characteristics can be seen in Figure 1 below. 
 

 
Figure 1. Characteristics sensor MQ–2 (Hanwei, 2009) 

 
MQ–7 Gas Sensor 

MQ–7 gas sensor is used for sensing carbon monoxide (CO). The sensor with SnO2 material is 
sensitive to CO gas with CO gas concentration susceptible from 20 ppm to 2000 ppm. The sensor consists of 
ceramic Al2O3, SnO2 as the sensitive layer, as well as a silver electrode. 

If the CO gas is detected, the output voltage on the sensor will go up, so that the gas concentration will 
decrease and the process deoxidized. As a result, the surface of negatively charged oxygen will be reduced, 
the height of the barrier joint surfaces will also be happening. This resulted in a decrease in resistance of the 
sensor also has a heater, which serves as the cleaning of indoor air contamination sensor (Pradika, et al., 
2010). Figure 2 following is a characteristic MQ–7 sensor. 
 

 
Figure 2. Characteristics sensor MQ–7 (Hanwei, 2002) 

 
Arduino Uno 

Arduino Uno is one kit of Arduino. ArduinoUno is a microcontroller board based on the ATmega328. 
This board has 14 digital input/output pins (of which 6 pin can be used as PWM outputs), 6 analog inputs, 16 
MHz crystal oscillator, a USB connection, power jack reset button. Pin–pin contains everything needed to 
support the microcontroller, simply connect to your computer with a USB cable or a voltage source can be 
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obtained from the AC–DC adapter or battery to use it (Arduino, 2011). Figure 3 below shows the physical 
form of the Arduino Uno. 
 

.  
Figure 3. Arduino Uno Board 

 
In Table 1 below shows the characteristics of Arduino Uno. 
 
Table1. Characteristics of Arduino Uno 

Microcontroller ATmega328P 

Work Voltage 5V 
Input Voltage 7–12V 
Pin Digital I/O  14 (of which 6 provide PWM output) 
PWM Digital I/O Pins 6 
Analog Input Pins 6 
DC Current per I/O Pin 40 Ma 
Arus DC untuk pin 3.3v V 50 Ma 
Flash Memory 32KB(ATmega328P)of which 0.5 KB used by boot loader 
SRAM 2 KB (ATmega328P) 
EEPROM 1 KB (ATmega328P) 
Clock Speed 16 MHz 
Length  68.6 mm 
Wide  53.4 mm 
Weight  25 g 

 
L298N Motor Driver  

L298N driver module, using ST L298N chip can directly control two 3–12V DC motor, and provides 
a 5V output interface, we can easily control the speed and direction of movement of the DC motor. Figure 4 
following is a physical form L298N driver. 
 

 
 

Figure 4. Motor driver L298N 
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DC Fan 
In the DC fan there is an electric motor, the electric motor converts electrical energy into mechanical 

energy. DC motors work on the principle of interaction between the two magnetic fluxes. Where will field 
coils generate magnetic flux, which is directed from the north pole to the south pole and coil would anchor a 
circular magnetic flux (Saputra and Amien, 2013). To adjust the rotating speed of a DC motor can be done by 
increasing the armature voltage, fan rotation speed will increase and by reducing the field current, the fan 
speed will drop. Pictures of a DC fan used in the system of us can see in Figure 5 below. 
 

 
 

Figure 5. DC fan 
 

Fuzzy Logic 
In 1965, Lotfi A. Zadeh modified the set theory in which each member has a membership degree 

valued continuously between 0 and 1. This set is called the fuzzy set (Kusumadewi, 2002). Fuzzy logic is a 
rule–based decision–making process that aims to solve the problem, in which such systems are difficult to 
model or there is an ambiguity and vagueness are plentiful.  

Fuzzy logic provides the possibility of a state in the interval between 0 and 1. Boolean simply dividing 
a state into two states 0 and 1 (Timur, 2015).To more clearly seen in Figure6 below. 
 

. 

 
Figure 6. Boolean logic and fuzzy logic 

 
Some advantages of using fuzzy logic, among others (Banks & Hayward, 2002): 
1. Normalized number system.  
2. Natural smooth transition between different strategies.  
3. Focus on problem solution, not problem analysis.  
4. Works well on conventional embedded microprocessors.  
5. Can easily be combined with conventional software 

To form a fuzzy system, should be done three phases, namely fuzzification, rule evaluation, and 
defuzzification. Fuzzification is processing the crisp input into the form input Fuzzy membership function, 
for example, the amount of CO 25 ppm crisp will be transformed as a "moderate" in Fuzzy, and so forth. 

Stages rule evaluation is the use of action Control Rule to determine what should be done in response 
to input. Defuzzification is the last step is defuzzification where the goal is to convert each of the inference 
engine results expressed in the form of fuzzy sets to a real numbers. The result of such conversion is the 
action taken by the fuzzy logic control system (Timur, 2015). Defuzzification step in this research using 
centroid method. 
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Pulse Width Modulation 
Pulse width modulation (PWM) is a modulation technique by changing the pulse width (duty cycle) 

with a fixed amplitude and frequency. 

 
Figure 7. Pulse width modulation (PWM) signals 

 
Figure 7 above is visualization PWM. One cycle pulses is high then the conditions are in the transition 

zone to a low state. Duty Cycle is the representation of conditions in a high logic signal period and in the 
state in the form of (%) with a range of 0% to 100%, for example if the signal is in a state of continuous high 
it means to have a 100% duty cycle (Timothy, 2011). By knowing the magnitude of the duty cycle of the 
output voltage can also be calculated with the following equation 3 below. 

  (1) 

where Vout is output voltage, D is duty cycle, and Vin is input voltage. 
 
Methods 
 
Block Diagram of System 

In the system, there are two inputs, namely, MQ–2 sensors to detect smoke gas and MQ–7 sensor that 
detects CO gas. The input value is given both sensors will be used in the fuzzy logic. The input value in 
question is a lot of his or concentration of the gas detected by the sensor. 

In fuzzy logic process input value will be taken by the fuzzification method value min. Then the 
membership output value is determined by the method of max. So it can be seen how the output of the 
system. Shape output of this system is a round DC fan used to circulate air in the room. The fan rotation set 
by PWN that controls rotation using the percentage of duty cycle. A block diagram of a system that is 
designed from input to output can be seen in Figure 8 below. 

 

 
Figure 8. Block diagram of the system 

 
Configuration of Arduino Uno Pins 

Arduino particularly a major role in the system, as the receiver input, and fuzzy logic process as well 
as giving an output value to drive the fan. Port voltage of 5V is used for voltage sources for sensor and LCD 
and grounding port. Six digital port used for LCD and six digital port for L298N motor driver. Arduino 
works with the source voltagefrom the output voltage of 5V driver motor. Port A0 to read the signal from the 
sensor MQ–2 and port A1 to read the signal from the sensor MQ–7. For more details see Figure 9 below. 

inout VDV 
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Figure9. Configuration of Arduino Uno Pin 

 
Design of Fuzzy Logic Inference System 

This system uses two inputs, i.e. the signal from MQ–2 sensor and the signal MQ–7 sensor, and gives 
an output i.e. PWM signal. The PWM signal would control the fan rotational speed in fuzzy logic process 
both inputs will affect the amount of output. the fuzzification stage, the input value will be used as input 
fuzzy. This stage has nine rules by the three membership functions of each input. output itself has five 
conditions. the rules used in this system can be seen in Table 2 below. 
 
Table 2. Fuzzy rules in the system 

No. MQ–2 Sensor MQ–7 Sensor PWM 
1 Little  Little Slow 
2 Little Medium Less Fast 
3 Little Much Fast  
4 Medium  Little Less Fast 
5 Medium Medium Fast  
6 Medium Much Faster  
7 Much  Little Fast  
8 Much Medium Faster  
9 Much Much Very Fast 

 
Figure 10 and 11 below show input membership function and Figure 12 show output membership function. 
 

 
Figure 10. MQ–2 input membership function 
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Figure 11. MQ–7 input membership function 

 

 
Figure 12. Output membership function 

 
 
Results and Discussion 
 
Testing of Fuzzy Logic 

Tests on fuzzy logic is done through simulation using Matlab, mathematical calculations, and outputs 
Arduino. From the three ways, the results of testing the value of fuzzy shown in Table 3 below. 
 
Table 3.Comparison of test results fuzzy 

Output Matlab Arduino Calculation 
Slow  43 43,25 37,5 
Less Fast 64 64,08 66 
Fast  115 115,39 114,9 
Faster  152 152,27 150,27 
Very Fast  203 203,39 209,5 

 
Figure 13 below shows a comparison chart of test results fuzzy logic value. 
 

 
Figure 13. Fuzzy logic testing results 
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Testing of L298N Motor Driver  
Tests on these drivers aim to look at the output PWM waveform that drives the fan rotation. The 

amount of duty cycle which affects the round will be used to calculate the voltage available at the output as 
well as its compare the measurement results using a multimeter. The following are shown in Figure 14 PWM 
waveform for overall conditions. 

 

 
 

(a). PWM wave of output “slowly” 
 

(b). PWM wave of output “less fast” 

 
 

(c). PWM wave of output “fast” (d). PWM wave of output“faster” 

 

 

(e). PWM wave of output “very fast”  
Figure 14. PWM waveform for overall conditions 

 
Table 4 below shows the test results of L298N driver to measurement using a multimeter and a 
manulallycalculation based on the duty cycle. 
 
Table 4.Comparison of test results L298N driver 

Output PWM Duty Cycle Meansurement Calculation 
Slow  43 16,8% 1,45V 1,5V 
Fast Less 64 25% 2,2V 2,25V 
Fast  115 45% 3,4V 4,05V 
Faster  152 59% 3,95V 5,36V 
Very Fast 203 79,6% 4,8V 7,16V 
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The following Figure 15 is a graph showing the difference in value PWM results of calculations and 
measurements. 

 
Figure 15. Curve comparisons between outputs 

 
 
Conclusions 

 
The design of control system of gas in the room based on fuzzy logic has been realized and correctly 

operated. This study uses two sensor input value MQ–2 and MQ–7 sensor and a single PWM output that 
would regulate the fan rotation with nine fuzzy rules. Each input value changes will alter the output value. In 
this study, input to slowly condition obtained by the value of MQ–2 at 60 ppm and 15 ppm MQ–7sebesar 
generate PWM output value of 43 and a voltage of 1.5 V. In conditions very quickly the value of the input 
MQ–2 at 345 ppm and MQ– 7 of 75 ppm generate PWM output value of 203 and a voltage of 7.16 V. The 
voltage at the output of the system under test with a calculation based on the duty cycle and measurement 
using a multimeter has a difference that is not constant in each condition. The greater the voltage generated, 
the greater the difference between the results of measurements and calculations. 
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