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Abstract

The fire incident is one of the man-made disasters in Malaysia due to the frequency of
reported fire cases recently. The majority of all cases that involved domestic buildings had
very catastrophic effects such as property losses, permanent disability to the victim, and
death. We are all aware of how fast fire can spread when it rages. Therefore, owners have to
be alert at all times to any factor that might lead to any small fire and that is not possible to
achieve. As humans, we might get distracted by other surrounding activities but not for
robots. Thus, a Fire Fighting Robot has been developed and was controlled by Arduino Uno.
It is designed in a smaller size in order to ease small location entry, fully equipped with high
sensitivity sensors to achieve the required research objectives of searching, detecting, and
extinguishing the fire. The combination of ultrasonic and flame sensors creates a perfect
guide for the robot to work effectively. This autonomous robot will search and locate the fire
and send a notification to the user through Blynk application; before the extinguishing process
occurs. Blynk application will also provide a monitoring platform for the user to receive
information including live streaming and flame data. We tested the performance of the robot
by varying the distance and size of fire source to the robot. The graph trend line showed that
the time taken was linearly proportional to the distance and size of fire. We managed to
obtain the equation of the dependent variable from simple linear regression. From the R?
value of 0.9888 and 0.9865, we can say that it has a strong relationship between both
variables. To summarize, the experimental result has proved its capabilities as a reliable fire
protection system by searching and extinguishing a fire in time.
Keywords: Man-Made Disaster, Autonomous Robot, Arduino Uno, Blynk Application and Fire
Protection System.
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Introduction

Firefighting is a very dangerous and high-risk job in saving human life. A fire-fighter has to be
alert and well prepared at any time so that they are able to reach the fire in a short time and
safely extinguish the fire. The quick action by them can prevent further damage and reduce
fatalities of a burning area (Wang et al., 2011). A house is a place for shelter, and certainly not
a place where a person has tragically been taken away from his life. With the advanced
technology, the gap between firefighting and machines have been finally bridged allowing for
a more effective and operative method of fire extinguishing (Xin et al., 2018).

Over the years, fire cases in Malaysia from all aspects have grown rapidly. Majority of all
the cases that involved domestic buildings had very catastrophic effect such as assets losses,
serious injuries to fire victims, and death (Woodrow, 2010; Ramsay et al., 2018). Moreover,
according to the Director-General of Fire and Rescue Department Malaysia, about 6,000
premises are destroyed by fire every year with 40 percent of these involve private houses
(Muhamading, 2016). The increase of death counted due to fire accidents mainly in residential
buildings is enough to trigger us to be aware not only of robbery but also on fire safety. The
contribution to the causes of fire in the household includes cooking, smoking, and candles
(Ahrens, 2018; Kobes, 2017; Ahrens, 2017a).

Therefore, the main purpose of this project is to contribute to the growth of automation
systems by developing an automatic fire extinguisher robot. The robot is to protect human
life, wealth, and environment from fire accidents. This is very crucial whenever unexpected
fire accident occurs while people who live in the house is either sleeping or not present in the
house. The robot will not only help in detecting fire but also notify the user so that they will
be prepared with another alternative such as calling the firemen. Fire spread is very fast and
it doubled every minute (Wrack, 2010). This eventually will lead to the forming of smoke
rapidly causing to why most victims cannot survive. Hence, the initial detection of fire plays
an important role since it gives a higher chance of survival.

Background of Study

Fire is a phenomenon of burning expressed in light, flame, and heat. It is a process in which
substances chemically combine with oxygen and fuel, which generally gives an output of lively
light, heat, and smoke (Pyne, 2016). During the fire situation, in order to stop the gas supply
to the fire, one solution can be done which is fuel surface temperature must be lowered. To
ensure this, direct extinguishment where direct water is aimed at the base of fire would give
more chance in putting out the fire as water will evaporate and energy from the fuel itself will
be extracted (Lambert, 2013). This results in a temperature drop.

Fire Extinguisher

It is one of the active fire protection devices. It is convenient, portable equipment by directing
the nozzle to the fire to extinguish a small fire but not fighting a large or spreading fires
(Lyman, 2018). The method requires the user to manually take full control during
extinguishing fire. When the user has the knowledge to use the fire extinguisher properly, it
can save lives and property because this equipment can control the fire rage until the fire unit
arrives for further extinguish process (Kodur et al., 2019). Extinguishers are very sensitive
because they need to be checked regularly and require routine care to make sure the content
inside is still in perfect condition.
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Sprinkler System

An automatic fire sprinkler system is another fire protection that is created with sensors for
it to be activated when sensing any fire in the optimum distance. It is normally mounted to
the ceiling at a high place for a better sensing area. Sprinklers are the best option from its
reliable outputs for any buildings’ fire protection. They rely on steady water supply and
extinguish any fires that ignite around them (Ahmed et al.,, 2015). However, there is still
inconsistency in sprinkler where the system fails to be activated when there is fire
(Abdelghany, 2019). The reason for that is, it may not activate because the heat from a fire is
still not enough to trigger the heat sensor in the sprinkler. Nevertheless, a 100% effective
sprinkler system is still not assuming a whole reduction in loss. In order for sprinklers to
activate, it must reach a certain level of temperature and by the time it does, the fire size has
already been out of control and destroy many valuable things (Frank et al., 2013). In the fire
situation, it is tested that half of the sprinkler’s ineffectiveness is due to water does not reach
fire (Ahrens, 2017b)

Smoke Detector

A smoke detector functioning as a detector where a fire is sensed through smoke sensing. The
difference between each type of detector is the way they sense fire. This model is the best
choice at detecting smoky fires that start with smoke before finally breaking into flames. They
have proven much more effective in detecting fires in residential homes. If we occupied them,
we still have to take care by checking the batteries (Warmack et al., 2012). The popularity of
smoke detector gives a big impact to the fall in fire deaths over 40 years. According to the
National Fire Protection Association (NFPA) in the United States, the fire death rate is over
twice as high in homes that have a problem of working smoke alarm or no alarm at all. It is
recorded among the houses having a smoke alarm, 43% of the fire cases are where it is failed
to give alarm sound, not functioning, and missing batteries (Ahrens, 2019). Hence, checking
the alarm works or not is very important because we cannot predict any unwanted cases
(Moinuddin et al., 2017).

Comparison

The main reason for this proposed work is to provide an automatic fire-extinguishing system
which eliminates the other pre-described disadvantages. While fire alarm systems are
designed to provide warning against fire, they still do not guarantee warning or protection.
Noted that the fire extinguisher needs manpower to put out the fire which depending on user
sensitivity. Hence, the user may take a longer time to extinguish fire since it depends on them.
If the user is not around the residence, surely this will lead to complete loss. In solving this
overlooked problem, a robot equipped with three high sensitivity temperature sensors is
designed to search for a small fire. This robot can work continuously for 24 hours in searching
for the fire which is more productive and consistent. From early prevention, we can avoid
unwanted accidents.

Despite that, the work proposed by (Ahrens, 2017b) is less reliable then handling the
small fire. This is because the liquid in the bulb of sprinkler will heat up and explode when
only the temperature reaches 155 to 165 degrees Celsius, then only it triggers the release of
water. Thus, it only triggers as it reaches a certain point of temperature were at that time the
fire can probably rage and spread rapidly. At the moment surely it does have consequences
to the building area. The method does extinguish the fire at an optimum time but the building
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may not be as its initial condition. To overcome this, a firefighting robot will be developed and
try to search for any small fire to extinguish before it rages. Besides, it can avoid loss of cost
suffered in the event of a fire.

Besides, the work described by (Warmack et al., 2012) cannot be expected to sense fires
due to several reasons. The amount of smoke present may be insufficient to alarm smoke
detectors because smoke occurs when there is incomplete combustion. That means at the
point heavy smoke occurs, there is not enough oxygen present. To overcome this unwanted
situation, the robot which moves at every corner of the house will surely detect small fire. It
is very sensitive to dust particles and insects, meaning that regular maintenance is needed
which is the opposite of the robot where it only needs to make sure its battery life at full
power. Furthermore, the smoke alarm should be tested weekly to make sure all sensors and
transmitters are working properly which is going to be a burden (NEMA, 2017).

Methodology

The development of the Fire Fighting Robot can be described in several parts such as
prototype design, hardware design, and robot flowchart. This section will be discussed in
detail on all the components used in this project including hardware and software. These two
relate to each other in constructing this robot mechanism.

Prototype Design

Fig. 1 shows the final prototype of the robot. The robot has a strong acrylic base to hold all
the electronic components steadily. It is facilitated by the two gear motors and one caster
wheel. The robot is stable during the operation and capable of rotating up to 360 degrees
with no problem. For the body structure of the robot, we equipped with lightweight and soft
pine wood. Moreover, the specialty that pine wood offers is the ability to stand temperature
up to 250 degrees before it ignites (Tsoumis, 1991). Thus, the robot can move at great speed
with high endurance. Other mechanical parts including hose stand, servo stand, sensor guard,
and camera enclosure make the robot firmer hold the component. The position of the
ultrasonic sensor and flame sensors are at the front of the robot to obtain an accurate result
for the system. Besides, the guard is installed to protect the flame sensors to strike any near
obstacles while operating the process. Additionally, the camera OV2640 is installed at the
front side to capture the whole situation during the process and stream directly to the user
smartphone.
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Fig. 1: Final prototype of Fire Fighting Robot.

Hardware Design

From the block diagram in Fig. 2, it shows the proposed work of Fire Fighting Robot which
consists of a power supply, Arduino Uno R3, flame sensors, DC motors, ultrasonic sensor,
servo motor, camera, Wi-Fi module and water pump. A regulated supply of 11V DC has been
provided from the power supply unit in order to power this circuit.

Arduino Uno R3

Arduino Uno controls all the actions and commands of this project. All the digital and analog
input and output pins are connected to the microcontroller board. Thus, the use of Arduino
is simpler and straight forward as it can be compatible with any computer.

Infrared Flame Sensor

IR based flame sensor has chosen since it has all the capabilities to detect fire (Prasojo, I. et
al. 2020). Analog pins are used to detect the exact wavelength of a different light. The sensor
can give high sensitivity to the flame spectrum with a wavelength varied between 700nm to
1000nm. We have increased our sensitivity to detect fire by using three flame sensors where
the angle is about 60 degrees each.

Ultrasonic Sensor

Ultrasonic sensor will help the robot movement to avoid any collision with an obstacle that
blocks the way. Since we will not be assisting the robot during the process and put full trust
in the robot, the obstacle avoidance system is a compulsory feature. The transmitter sends a
high-frequency sound signal at every time ranging from 2cm to 400cm. When an object is
found, the signal will reflect back and the receiver will receive it. The time calculated in
between the process of transmission and reception can determine the actual distance to that
object with known velocity in air.

DC Motor with Motor Driver

During the detection of fire presence, two 6V DC motors are used to move near the fire
through the motor driver L298N module. It can control both speed and spinning direction of
two DC motors making it ideal for building a two-wheel robot (Khechiba, 2016). The two
geared rotating wheels of the robot will facilitate the movement of the robot.
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Servo Motor

This motor attached to the spray nozzle for rotating it back and forth, from right to left during
extinguishing the fire and object avoidance. It gives an important role so that the area of the
fire is fully covered by spraying water to the area. The standard rotation servo can rotate 180°
with precision like the stepper motors which we will use in our robot.

Water Pump

The 5V water pump works using the water suction method which drains the water through
its inlet and released it through the outlet (Charkhawala et al., 2020). This will be submerged
in the tank full of water to provide enough pressure. When the supply is ON, the water will
be suck at the inlet part and flow out of the outlet through the pipe.

ESP32 Cam with OV2640

In order to provide more security to the proposed work, a camera is installed on top of the
robot to capture and give live recording before, during, and after the fire extinguishing
process. It will live streaming to the user smartphone by Blynk application through the Wi-Fi
module. System Flowchart

Power

Supply
k.,
Flame Sensor Left » » Water Pump DC
- | Motor 1
Flame Sensor Centre Motor Driver
ame Sensor Centre > ARDUINO > [ 298N
UNOR3 » be
J 3 \ v
Flame Sensor Right > o Servo Motor Motor 2
S5G90
Ultrasonic Sensor > » OV20640

¥
ESP-12E NodeMCU

v
Blynk
Application

Fig. 2: Block diagram of Fire Fighting Robot.

Fig. 3 shows the operation of the Fire Fighting Robot which depends on the user when they
want to operate it. As the user switches ON, the robot will start with DC motor 1 and 2
simultaneously operate by rotating the wheels to move. In order to give extra security, the
camera also functioning as the switch is ON. It will directly live stream to the Blynk application.
The motors will keep rotating to search for any infrared light which is fire. At the same time,
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as the ultrasonic sensor detects any presence of an obstacle in front of the robot, it will rotate
left or right depends on the condition to avoid any collision to the robot. Hence, the flame
and ultrasonic sensors will work together to keep the DC motors updated.
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Camera ON

Move Forward
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|

Fig. 3: Flowchart of the Fire Fighting Robot @

If one of the flame sensors detects a fire, firstly it will send an alert message to the user
to notify them that there is a fire in the house through their smartphone. After that, it will
start to search the accurate position of the fire from information given by those three flame
sensors. If the flame sensor on the right detects a certain amount of infrared light, the robot
will rotate to the right to ensure that the fire always in line with it. The same process if the
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left sensor detects the infrared light. The robot is adjusted until the fire is in front of the robot
and move to the second section, B.

In section B, the robot will measure the distance between the fires and will move forward
until it obtains the optimum distance which is 20 cm before extinguishing it. If yes, DC motor
1 and 2 will automatically stop and the extinguishing process starts. The water tank equipped
with sufficient water and a motor pump will give enough pressure to pump the water out.
Water will flow out through a rubber tube as a spray system and servo motor will help in
maximizing the covered area. The water pump and servo motor will work together and put
out the fire until no heat is detected by the flame sensor. After finished, another alert message
is sent so that the user to keep him or her updated to the current situation. Users can still
observe the recording from the camera to check the causes of the fire. Finally, the robot will
back to section A, which is searching the fire again.

Result and Discussion

To measure the performance of the robot, we tabulated a few data. First, we varied the
distance of the robot from fire. We used a fire starter as a fire source. Next, we also analysed
when the fire is double up at a fixed distance. Thus, we measured the time taken by the robot
to detect the fire and extinguish it. Here, we can analyse the effectiveness of this smart fire
protection. Note that the route that we used to examine the robot performance consists of
three turns before reaching to fire.

Ability to Extinguish Fire at Varied Distance

Firstly, we tested the performance of the robot by varying the distance of the fire source to
the robot. We prepared ten different distances starting from 0.5 meters to 5 meters. To
ensure a more accurate result, we repeated the experimental process three times and
calculated the average of each distance. Fig. 4 shows the graph of average time taken to
extinguish a fire which depends on the distance to the fire.
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extinguish fire with varied distance extinguish fire with varied size of fire

During the experiment, we fixed the size of fire which we only used one fire starter. Thus,
we can focus on the fire distance variable. From our observation, the robot took only 60.49
seconds to extinguish a fire at a distance of 5 meters while 23.38 seconds for 0.5 metre. The
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graph trend line showed that the time taken was linearly proportional to the distance of fire.
We managed to obtain the equation of the dependent variable from simple linear regression.
From the R? value of 0.9888, we can say that it has a strong relationship between the
variables.

Hence, we can conclude that the further the robot distance to the fire, the longer the
time taken it took to extinguish the fire. This variable is very crucial since practically we cannot
expect where the fire would be. Hence, the ability of the robot to automatically search and
extinguish the fire in a short time could be a lifesaver.

Ability to Extinguish Fire at Varied Size of Fire

We also analysed the performance of the robot by varying the size of the fire. This indicates
how fast it can extinguish fire according to the variable. During the process, we tested ten
sets with different sizes of fire by increasing the amount of fire starter from 1 piece to 10
pieces. The same process was repeated three times for more accurate results. We fixed the
distance of the robot to the fire at only 2.5 meters so that we can only examine the fire size
factor.

Fig. 5 shows the graph of average time taken to extinguish a fire which depends on the
size of the fire. Our observation found out that there was a difference of 22 seconds to
extinguish fire between 1 piece and 10 pieces of fire starters. Moreover, it took less than 1
minute to extinguish 10 fire starter which is a top-notch performance. The graph also showed
that the time taken was linearly proportional to the size of the fire. From the R? value which
is 0.9865, we can say that it has a strong relationship between the two variables.

Thus, we can conclude that the bigger the size of the fire, the longer the time taken it
took to extinguish it. Fire size depends on what material it started to burn. Fire may rage out
of control if it is not extinguished in optimum time. Therefore, the efficiency of the robot plays
an important role to quickly put off the fire.

Blynk Application

We prepared a smart monitoring system where the user could easily monitor in case of fire
situation to occur at any time. Fig. 6 shows result from the flame sensor where during fire
detection, the value drops from 1024 to 0. This data runs continuously as long as the robot is
working and it can be reviewed by multiple timelines. Moreover, the application includes
notification so that the user can be notified if there is a fire in their houses. Thus, users can
prepare further action in case of fire rage. This notification alerts them during the early
detection of fire.
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Fig. 6: Live data from flame sensor Fig. 7: Notification for user during
before and after fire extinguishment. fire detection.

Blynk Notification

PHEWW! EVERYTHING IS
UNDER CONTROL

OK

Fig. 8: Notification for user after fire Fig. 9: Live streaming during fire
detection. detection.

CAMERA

Fig. 10: Live streaming after fire
extinguishment.

Fig 7 and Fig. 8 respectively show notification received during fire detection and after the fire
has been successfully extinguished. Finally, a camera for the live streaming feature completes
the security of the robot. Hence, the user able to check the fire status and the possible causes
of fire. Fig. 9 and Fig. 10 show live streaming during fire detection and after the fire has been

successfully extinguished, respectively.
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Conclusion

In a nutshell, the project aims to provide security of home and building which is important to
human life. Fire causes tremendous damage and losses of human life and property. There are
many possibilities a fire can start in any household and the consequences may affect our life.
We develop an intelligent multisensory based security system that contains autonomous
firefighting system. The features that are available consist of object avoidance and fire
extinguishment with smart monitoring using a smartphone makes it a more secure system.
The Fire Fighting Robot has proved its performance and ability to extinguish a fire by varying
distances of the robot to fire and the sizes of fire. The result showed that the range of time is
acceptable and comparable to human sensitivity. The time factor is always being the indicator
of this type of accident. The longer it takes to react; the worst the accident can happen.
However, we have a few recommendations for future improvement that can advance the
robot performance. First, a higher number of the flame sensor may increase the sensitivity to
the fire since they will cover most of the area with less movement. Furthermore, a Wi-Fi
controlled feature could improve its security because the user can control the movement of
the robot whenever they want.
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