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Abstract

Fire precaution action is required in most of the buildings and any of the institution for the prevention of fire disaster.
This research discusses on detection of fire hazards using sensors as the parameter that indicates for fire. The fire hazard
detection system is an intelligent sensor assembled with the Arduino Microcontroller to detect flame, smoke, and gas.
Most alarm system that is being used nowadays has high sensitivity to the surroundings which tends to give a false alarm.
This research describes a prototype alarm system that will activate the alarm accurately based on the fuzzy logic approach
that has been implemented in the system. The system uses fuzzy logic to connect with Arduino and implemented with 125
rules of fuzzy logic with three levels of output namely dangerous, potentially dangerous and not dangerous. As a result,

the output of the system shows 88% accuracy.
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1.Introduction

Due to advancements in sensor technology, many
tools have been created to make life safer. The main
focus of this research is an early fire detection and
alarm system using a fire sensor. According to the
2017 statistics provided by the department of fire and
safety in Indonesia, there are 851 cases electrical fires
which are caused by faulty electrical plugs and
appliances, 156 cases due to stove and 1009 cases are
without any explanation [1]. This research is a
continuation of our previous research where we had
succeeded to make a simulation of the fire hazard
detector using fuzzy logic. The input from the
simulation are flame, smoke, and gas, and finally, as
a result, the buzzer will be activated and transmits
sound of varying tones depending on the level of the
danger. The level of potential danger means that the
sound of the buzzer is not too fast while it becomes
faster when the level is dangerous. Moreover, when
the level of fire resulted in potential danger and
dangerous, the water sensor will activate and or if the
level of gas resulted in potential danger and
dangerous the exhaust fan sensor will active.
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The simulation of fire hazard detector uses fuzzy
logic and the Arduino microcontroller with similar
inputs, but in this research, the Arduino
microcontroller is limited only to activating the
buzzer.

Flame, smoke and gas sensors work based on infrared
light in the wavelength range of 760 nm-1100 nm
with a detection distance of less than 1 m and a
response time of about 15 microseconds. The MQ-2
sensor is sensitive to gas and smoke. Tin (IV) Oxide
(SnO2) is the main material of the sensor with low
conductivity of clean air. The MQ-2 sensor is
sensitive to LPG, Propane, Hydrogen, Carbon
Monoxide, Methane, and Alcohol gas. The MQ-2
smoke and gas sensor sensitivity can be adjusted by
rotating the resistor. This sensor is mainly used to
detect gas leaks, especially at home and the industry.
I-butane, propane, methane, alcohol, hydrogen, and
smoke are the example of gases that can be detected
by the MQ-2 sensor. There are two input voltages of
the MQ-2 sensor which are VH and VC. VH is used
for the voltage on the internal heater and VC is the
source of voltage. VC<24 VDC and VH =5V %0, 2V
AC or DC voltage is the required power supply on



the MQ-2 sensor. Meanwhile, the MQ-2 gas sensor
module is an instrument to detect smoke levels of
LPG, Propane, Hydrogen, Methane and other
combustible steam or any gas that causes a fire.
When the air is clean, the MQ-2 sensor conductivity
will be low. However, the sensor conductivity
becomes high when there is a flammable gas detected
in the surroundings.

MQ-2 is the cheapest sensor available and suitable
for different implementations. The MQ-2 sensor
provides gas content value exposed in the room and
send the information to the microcontroller to be
processed. This instrument is able to detect the level
of gas collected in a room well because it has high
sensitivity in discovering the leakage of gas [2, 3].

2.Literature review

2.1Arduino flame sensor

Arduino is dependent on variable electronics along
with applications and an open supply electronic
device prototyping platform. Arduino is founded on
At-mel’s ATmega microcontrollers which is usually
an easy yet advanced unit [4]. The ATmega 328
Microcontroller is a piece of microcontroller that can
function exactly like a computer and this
microcontroller will be put inside the electronic board
known as Arduino Uno. The realization of the circuit
electronics from simple to complex can be utilized by
this device [5]. Six feet of digital can be used as a
PWM (Pulse Width Modulation) signal by using
Arduino Uno that has 14 feet of digital input or
output. The function of the PWM signal is to regulate
the motor rotation speed. The characteristics of
Arduino Uno is it has a 6 pin analog input, a crystal
oscillator with a clock speed of 16 MHz, a USB
connection, an electrical connector, an ICSP header
foot, and a reset button that serves to reset the
program [2].

2.2Smoke sensor

The MQ-2 smoke sensor is known as the sensor that
is usually used to detect the air quality or to find out
the content of the air. MQ-2 sensors are generally
made of a gas-sensitive material known as carbon
monoxide (CO). The sensor will assume that there
smoke due to fire if the device detects the presence of
gas in the air at certain levels [6].
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To convert the Analog to Digital Converter (ADC)
readings that have been converted to the voltage to be
the sensor resistance, the above equation is used. The
resistance of load resistance (RL) in the MQ2 sensor
circuit uses 4K7 in this process, therefore the
resistance value of RL = 4700Q is also included in
the formula [7].

2.3Gas sensor

MQ-2 used to discover acetylene and hazardous gas
leaks in the kitchen [8]. The gas detector will sense
the existence of the gas in the environment and
change it in the form of voltage level and converted
by the ADC in digital form. The warning is loaded
into microcontroller which will then display the
results.

A mobile gas detector with an Arduino
microcontroller developed by [9] to identify the risky
zones where many static detectors are unsuitable or
high-cost. The Arduino will manage two DC motors
by using the L9110 motor driver. The HC-SR04
ultrasonic distance sensor is used to avoid collision in
an analyzing area. MQ-2 will calculate the amount of
gas in the surrounding. This information will be sent
to the Arduino and next through a Wi-Fi module to
the server. However, they still need to use the logic
level converter. They stated that this is the way to
get the scheme of a low-cost mobile gas detector that
will be able to find a dangerous zone in analyzing the
area. Thus, they presented a self-propelled robotic
gas detector.

3.Research methodology

The research methodology is divided into two parts.
The first part is related to the use of fuzzy logic that
has been described on the previous research and
finally explain the implementation of the Arduino fire
alarm system by using the rules of previous fuzzy
logic. In order to form a fuzzy set, this research uses
triangle and trapezoidal functions affiliation to define
the membership function. The Mamdani model
approach is used as the output obtained will be in the
fuzzy set. Table 1 shows the linguistic variable in
each of the variables in order to create the Mamdani
IF-THEN Rules and finally generated 125 rules by
using Mamdani IF-THEN Rules. The fire, smoke,
and gas were labelled with 0 to 4. Meanwhile, for the
grade, it was labelled from 0 to 12.

Table 1The arrangement of the linguistic variable for each variable

Input variables

Output variable

Fire Smoke Gas
Very Large (0) Very Little (0)

Very Low (0)
Large (1) Little (1) Low (1)

Alarm
Not Dangerous (0 — 2)
Potential Danger (3 —7)
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Input variables

Output variable

Normal (2) Medium (2) Medium (2) Dangerous (8 — 12)
Small (3) Compact (3) High (3)
Very Small (4) Very Compact (4) Very High (4)

The values will then go through the fuzzification
process which is the process of changing the crisp
value into a fuzzy set. After finishing the
fuzzification process, the value will then check the
status of the fire occurred based on the 125 of fuzzy
rules. These are some of the examples of fuzzy rules:

1) If the fire is “very large” and smoke is “very
little” and gas is “very low” then the alarm is
“not dangerous”.

2) |If the fire is “very large” and smoke is “very
little” and gas is “high” then the alarm is
“potential danger”.

3) |If the fire is “very large” and smoke is “very
compact” and gas is “very high” then the alarm
is “dangerous”.

4) If the fire is “large” and smoke is “compact” and
gas is “medium” then the alarm is “potential
danger”.

5) If the fire is “large” and smoke is “compact” and
gas is “very high” then the alarm is “dangerous”.

6) |If the fire is “normal” and smoke is “very little”
and gas is “very low” then the alarm is “not
dangerous”.

7) If the fire is “small” and smoke is “medium” and
gas is “very low” then the alarm is “potential
danger”.

8) If the fire is “small” and smoke is “medium” and
gas is “high” then the alarm is “dangerous”.

9) If the fire is “very small” and smoke is “very
compact” and gas is “high” then the alarm is
“dangerous”.

10) If the fire is “very small” and smoke is “little”
and gas is “very low” then the alarm is “potential
danger”.

Figure 1 is the simulation where the data from fire,
smoke, and gas are manually input. The system will
then decide whether the data input meets one of the
125 fuzzy rules. The range for the variable of fire is
between 1 nm and 1100 nm, the range for variable
smoke is between 0 ppm and 10.000 while the range
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variable of gas is between 0 ppm and 2000 ppm.
Figure 3 is an example where we input the value for
fire, smoke and gas are 814 nm, 306 ppm, 177 ppm
respectively. As the result, the alarm has yellow color
or potential danger and, the water and exhaust fan
Sensors are active.

The next step is implementing it by using sensors.
Arduino flame sensor and MQ2 smoke and gas
sensor were used in order to obtain the dataset each
of the input variables. To produce the buzzer alarm
and the LED based on the result, the program must be
connected with the Arduino IDE. The system is
developed using PHP and the data received from the
sensor will be used to determine whether the fire is
not dangerous, potentially dangerous or dangerous.

Figure 2 shows the architecture of fire hazard system
containing the three sensors (flame, smoke, and gas)
that connected with Arduino. LED shows the light
indicator which is giving a red if its dangerous
condition, yellow if potential danger and green mean
not dangerous.

Figure 3 shows the tools that detect the fire, smoke,
and gas. After one of the fuzzy rules has been chosen
according to the data received the output will be the
sound of the buzzer and the color of LED. If the
result is not dangerous then the LED will remain
green and the sound of the buzzer is in a slower
mode. If the result is potentially dangerous then the
LED will turn yellow and the sound of the buzzer is
in medium mode. Lastly, the color of the LED will
turn red and the buzzer is in faster mode showing that
the situation could be dangerous.

Table 2 shows the specification of flame sensor
consisting with the symbol, value, and the unit in
flame sensor detection.
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SENSOR VALUE

FIRE 814 nm

SMOKE 306 ppm

GAS 177 ppm

EXHAUST FAN

Figure 1 GUI of fire hazard detection
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Figure 2 The architecture of fire hazard system
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Table 2 Specification of the flame sensor

Item Symbol Value Unit

DC Forward Current 13 100 mA

Pulse Forward Current* IFP 1000 mA
Reverse Voltage Vg 5 \%

Power Dissipation Po 180 mw
Operating Temperature Topr -30 ~ +85 °C

Storage Temperature Tstg -40~ +100 °C

Lead Soldering Temperature Tsol 260°C/5sec -

4 .Results and discussions outputs in this fire alarm system which is calculated
Table 3 shows the result of the fire alarm system after as below:

five trials were conducted. Each trial obtained 10

. 6
— — 0,
outputs for every input variable. There were 6 errors Fire alarm output= 50 x100=12%

Table 3 Result of fire alarm system

Actual data Fire alarm system
Testing Flame Smoke Gas Alarm Alarm Result
1 760 3098 1536 Red Yellow Failed
814 306 177 Yellow Yellow Success
886 844 433 Yellow Yellow Success
798 519 1374 Red Red Success
892 4745 38 Yellow Yellow Success
799 1211 71 Red Red Success
897 4625 571 Red Red Success
809 2643 1858 Red Red Success
765 9558 16 Yellow Yellow Success
897 6966 37 Red Red Success
2 793 7831 264 Red Red Success
811 9136 1127 Red Red Success
896 7593 1612 Red Red Success
944 329 50 Yellow Yellow Success
961 139 32 Green Yellow Failed
933 917 1644 Red Red Success
974 5220 367 Red Red Success
1021 387 213 Yellow Yellow Success
1026 315 29 Green Green Success
1028 8186 1606 Yellow Yellow Success
3 983 1762 197 Yellow Yellow Success
1033 6320 348 Yellow Yellow Success
1056 299 35 Green Yellow Failed
1074 483 1141 Yellow Yellow Success
1053 671 491 Yellow Yellow Success
707 225 30 Green Yellow Failed
1055 8698 27 Yellow Yellow Success
1054 2532 41 Yellow Yellow Success
1048 3870 171 Yellow Yellow Success
1063 9102 679 Yellow Yellow Success

280



International Journal of Advanced Computer Research, Vol 9(44)

Actual data Fire alarm system

Testing Flame Smoke Gas Alarm Alarm Result

4 59 4771 504 Red Yellow Failed
420 4731 879 Red Yellow Failed
1033 6320 348 Yellow Yellow Success
931 7891 860 Red Red Success
920 8797 888 Red Red Success
1063 9102 679 Yellow Yellow Success
1063 9102 679 Yellow Yellow Success
1048 3870 171 Yellow Yellow Success
920 8797 888 Red Red Success
987 7891 887 Red Red Success

5 1053 671 491 Yellow Yellow Success
896 483 1141 Yellow Yellow Success
944 671 491 Yellow Yellow Success
961 329 35 Yellow Yellow Success
933 139 1141 Yellow Yellow Success
1053 671 491 Yellow Yellow Success
1056 299 300 Green Green Success
1074 483 270 Yellow Yellow Success
1053 671 198 Yellow Yellow Success
707 225 56 Yellow Yellow Success

The results obtained from the fire alarm system using
Arduino Uno indicates there were 12% errors and it
is still considered as small. Therefore, it shows that
this method is suitable to be used in determining the
fire alarm system as the output shows 88% accuracy
of the results.

5.Conclusions and recommendations

As the conclusion, the system is developed to give a
warning and caution to save people from fire threats.
This system has reached our main objective which is
activating the sensor and alarm. A vigorous result had
obtained with the help of a fuzzy logic approach. The
sensors will inform the value of fire, smoke and gas
reading to the server for the administrator to analyses.
Finally, the alarm will activate to alert everyone so
that they can take precautionary actions. Based on the
current system, this system can be upgraded by
adding an exhaust fan and water sensor to be
monitored to run an alarm that has multipurpose and
can take early precautions of hazards that occurred.
These steps are necessary to make a systematic and
functional system in the future.
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