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Abstract: Fire monitoring systems have usually been based on a single sensor such as smoke or flame.
These single sensor systems have been unable to distinguish between true and false presence of fire,
such as a smoke from a cigarette which might cause the fire alarm to go off. Consuming energy
all day long and being dependent on one sensor that might end with false alert is not efficient and
environmentally friendly. We need a system that is efficient not only in sensing fire accurately, but
we also need a solution which is smart. In order to improve upon the results of existing single sensor
systems, our system uses a combination of three sensors to increase the efficiency. The result from the
sensor is then analyzed by a specified rule-set using an AI-based fuzzy logic algorithm; defined in
the purposed research, our system detects the presence of fire. Our system is designed to make smart
decisions based on the situation; it provides feature updated alerts and hardware controls such as
enabling a mechanism to start ventilation if the fire is causing suffocation, and also providing water
support to minimize the damage. The purposed system keeps updating the management about the
current severity of the environment by continually sensing any change in the environment during
fire. The purposed system proved to provide accurate results in the entire 15 test performed around
different intensities of a fire situation. The simulation work for the SMDD is done using MATLAB
and the result of the experiments is satisfactory.

Keywords: Smart Fire Detection and Deterrent System; multiple sensors; fire detection using
fuzzy logic
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1. Introduction

On the market there are many fire detection systems available. Many of them may
work with a single sensor. These single sensor systems might cause false results as there
are different factors to be considered when detecting fire, and false results may end up
wasting energy, or worse, end up causing property damage. On the market there are two
types of solutions: either they are cheap, such as sensors that might go off with the smoke
from a cigarette, or they are too expensive, such as a sensor based on optical vision and
head vision sensors.

In literature, different methods have been purposed by different researches to handle
these kinds of circumstances. Some have utilized wireless sensor networks (WSN) with
the integration of a global system of mobile communication (GSM) to create effective
fire detection and warning mechanisms. Some researchers purposed image processing
techniques and artificial intelligence based algorithms to execute different sets of actions
depending upon the severity of the fire hazard, but every technology has its benefits and
also its limitations with it [1,2]. In the quest of making a smart wireless sensor for fire
detection, this research paper’s purpose is a Smart Fire Detection and Deterrent System
(SMDD). The purposed system uses a combination of multiple sensors so that it can produce
efficient result while keeping the cost affordable. The purposed system is based on fuzzy
logic to make the decisive decision based on the severity of the given circumstances. The
purposed system uses Arduino microprocessors. The purposed system utilizes the fuzzy
logic-based algorithm to detect the fire and depending on the severity activates the alarm
and sends an alert message to the authorities. If the situation is critical enough that it
might be lethal to human life, the purposed system is smart enough to start human life
support, which involves a water sprinkler and will also start the emergency exhaust system
to reduce suffocation in that particular area [3,4].

Our system is based on the fuzzy logic which is the brainchild of Dr. Lotfi Zadeh of
the university of California; the idea was proposed in 1960 [5,6]. In 1964, he presented
the membership function, which has become the life force of the fuzzy set theory [7,8]. In
1965 the fuzzy set theory and the fuzzy logic theologies were introduced, which became
the founding tone for the membership function and the rule set, which has a vital role in
SMDD.

The rest of the paper is structured as follows: Section 2 discusses the results of
the literature review; Section 3 explains in detail the equipment and methodology of
the presented research for the proposed Fire Monitoring and Warning System; Section 4
explains the results of the research in detail; and Section 5 presents a conclusion of the
presented research.

2. Related Work

Before the arrival of fuzzy logic in the spotlight, fuzzy set theory became the mainstay
for the new research ground for researchers to come up with applications for the detection
of fire [9]. There were other ways that were proposed, which included artificial intelligence-
based fields such as setting up neural networks or using a camera to detect changes in
images using image processing or video-based technologies. As the cost of human life is
above all, the use of various technologies has been proposed for the detection of fire at
early stages [10].

Hamdy et al. proposed a similar system with the combination of wireless sensors
including temperature, light and smoke. These sensors provided the main data. This data
became the foundation for an artificial neural network (ANN) that guided in the detection
of fire in forests at an earlier stage. The SFFEDSS was purposed to detect the fire without
the involvement of a human factor [11]. Our system also uses multiple sensors, but the
difference is for an indoor environment; we also use humidity sensors in addition to our
system using AI algorithms to produce the final result instead of just depending on the
results of a sensor alone.
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Turgay et al. purposed an image processing system which uses chrominance informa-
tion with the factor of luminance that are converted into YCbCr color space, and fuzzy logic
rules are used as the definition for more efficient detection of fire pixels from non-fire pixels
in order to avoid false fire alarms [12]. Our system also uses the fuzzy logic algorithm, but
the feature is the factor of multiple sensor, meaning if one of the sensor is defective or fails,
the system will not become useless, it will use the results of other sensors to still provide
results that can be acted upon.

Divya et al. came forward with the research for detection of fire with different
techniques. As fire has different colors—yellow, red, orange, white—and many other
objects that are not related to fire that may have the same color in order to identify fire, the
purposed research used edge detection with the combination of motion detection and the
area being covered with various thresholds in place to identify the existence of fire [13].

Giovanni laneve et al. provided a technique to detect fire in the Mediterranean forest
by using satellites with infrared image technology called SEVIRI images. The base idea
was two compare two images with each other after an interval of every 15 min [14]. Usage
of satellite infrared imagery can be costly. Our system is designed to keep the cost to a
minimum and still be able to provide effective results. Even if the sensor becomes faulty or
damaged, the cost of replacing them is not high, so they are suitable for households as well
factories and companies.

Haibing et al. presented a system in which multiple sensors were used for the detection
of fire with short range to long range communication with the help of gprs. The base
algorithm used in the purposed research was a BP algorithm which was used for detecting
and anticipating the probability of fire at any given moment with the help of these sensors
including carbon monoxide, smoke detection and temperature sensors [15]. In our system
we also utilize the power of smoke sensors to detect the presence of fire, but in addition to
that our purposed system provides starting of a ventilation system that reduces suffocation.
Tuan wei et al. described a method for detecting fire by using image processing in which
wavelet transformation method was combined with the edge-area-information to detect
the energy emitted by the frames to detect fire over a longer period of time for those areas
which are left unattended [16,17].

Santoshinee et al. provided an algorithm for detecting fire using wireless sensors
including temperature and humidity sensors [16]. On top of these sensors for detecting fire
the researcher also provides the algorithm to detect faulty nodes to produce more efficient
systems and performed indoor experiments to validate the results for the algorithm [18].
Navyanth et al. purposed a mechanism for detection of fire using robots with ultrasonic
sensors mounted on them [19]. The goal of the research was to detect and reach the desig-
nated area without causing damage to the nearby properties and avoid nearby obstacles.
To achieve this goal, the purposed research used the distance of the obstacles from the
robot with the help of turn around angles from the head of the robot to front, left and right,
including other nearby robots using ultrasonic sensors. The purposed research used fuzzy
logic algorithm as its base for the detection of fire [20].The maintenance cost of managing
robots can be high as the technology involved is complex and requires expert maintenance
efficient result that can be achieved by our purposed AI algorithm power system with a
heavy cost of maintaining, as the sensors involved in our system are easy to acquire and
integrate.

Prathyusha et al. purposed an E-Nose Electronic-Natural oil factory sensor emulator’s
sensor which used high end and state of the art sensors to detect smoke such as carbon
dioxide co2 and carbon monoxide. The purposed system differentiates between fire and
no fire particles in order to reduce the frequency of false fire alarms; another feature to
extinguish the fire is with the help of a built-in fire extinguisher that activates when the
sensor is absolute about the presence of fire, as a precaution [21].

Faisal et al. purposed his research while keeping the focus on the security of homes
against fire hazard and used multiple wireless sensors in order to detect fire and integrated
the GSM technology to send a notification if such an event occurs [22,23]. Our system takes
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the data from the sensor, but for accuracy we use data for analysis in the AI fuzzy logic
algorithm to provide efficient results.

Malykhina et al. purposed a system that uses a wireless thread interface at its core to
detect fire at early stages in plants [24]. The interface provides the facility to use the sensor
to be moved freely around. These systems could easily be used as a temporary fire warning
system by using multiple sensors while monitoring any changes in temperature, density of
smoke and the composition of gas in the surrounding area [25,26]. Liu et al. presented his
research regarding a smart bushfire monitoring system which uses cheap microcontrollers
to detect fire and is incorporated with GSM technology to send SMS notification in case of
fire occurrence. The purposed system also facilitates the GPS microcontroller in order to
communicate the sensor information [27].

Antonio et al. purposed an algorithm hour that integrated image processing technol-
ogy with fuzzy logic to detect fire [28]. In order to increase the efficiency of the system and
in order to reduce false positives the algorithm uses dynamic motion test by analyzing
the result produced by fuzzy logic when applied to analyze the motion of such areas that
resemble fire colors [29]. In our system Fuzzy logic is used for analyzing the results from
multiple sensors to accommodate if the sensor even gets faulty data from other sensors
and can be used to perform analyses for the detection of fire. Mingyi et al. purposed a
mechanism to detect the fire using a neural network. The neural network used bp (Back
Propagation) algorithm as base. The purposed system used a microcontroller to provide
the necessary data to the algorithm in order to detect the occurrence of fire and the sensors
used in the purposed model include CO, temperature and smog sensor [30]. Muhammad
Salihin et al. presented a mechanism to detect fire using smoke sensors and also provided
a monitoring system so that in case of a fire the system could provide the monitoring
mechanism to display wirelessly to help firefighters to pinpoint the location of fire, helping
in the rescue process [31,32].

3. Methods and Equipment’s

The purposed system uses four sensors for getting the data to use it as input and
based on the data collected from the sensors a rule based fuzzy logic is implemented. For
SMDD MATLAB fuzzy Logic Toolbox capabilities are used for simulation work to provide
an accurate picture and to also push the flexibility and scalability of system to next levels
with respect to other systems [33].

In SMDD, linear input data has been mapped to scalar output with a fuzzy logic
system. In order to do that, different sets of operations were performed as mentioned
below:

• Fuzzification
• Rules
• Decision making unit (inference engine)
• Defuzzification

For the steps mentioned above each method has different sub methods to choose
from, such as for fuzzification there is singleton fuzzification and grade fuzzification. For
inference there is minmax inference, Takagaki_sugenu and Mamdani Fuzzy inference
system; similarly for defuzzification, there is the centroid method, weighted Average
method and mean-max membership method. In our purposed system the code for fuzzy
logic control is written in C language using Arduino IDE, which is further integrated
with Arduino UNO microcontroller, which is also controlling the sensors. The model for
Arduino Board is ATmega328P. Table 1 provides the description of the terms that are used
in this paper.
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Table 1. Symbols used in paper.

Symbol Description

Z Kernel of fuzzification
x Total number of inputs for fuzzy sets
β inputs
X* Defuzzied outputs
U Universe of Disclosure

3.1. Purposed Fuzzy Logic System Architecture

The architecture for the purposed fuzzy logic used in SMDD is shown in Figure 1.
Normally fuzzy set G is represented by a pair of (U,a) here U is the representation of
universe of Disclosure and “a” is the membership function, for which values are assumed
between the range from 0 to 1. The universe of disclosure plays a very important and
vital role in this approach. The fuzzy set G within the Universe of information U could
be defined as by being an ordered pair set of elements y which can be mathematically
represented as:

G = {(y, aG(y), y ЄU)} (1)
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Three parameters Q W E R are utilized in the system purposed. Where Q is the
representation of temperature. W is the representation of humidity. E is the symbolic repre-
sentation of smoke and Time is represented by R. Representation of degree of membership
of x in Q is given by aQ(x). aW(x) is the representation of the degree of member ship
function of x in Similarly the representation of degree of membership of x in E is given by
aE(x) and for time the degree of membership of x is shown as aR(x). Equations (2) and (3)
are the representation of the above-mentioned degree of membership of with respect to
temperature, humidity, smoke and time.

Q∪W∪E∪R = {x, max(aQ(x), aW(x), aE(x), aR(x)) |x is an element of G} (2)

Q∩W∩E∩R = {x, min(aQ(x), aW(x), aE(x), aR(x)) |x is an element of G} (3)

The Equations (2) and (3) are defined to calculate the strength of the rule in the
purposed system. Equation (2) shows union of four fuzzy subsets by using or operator in
which fuzzy inputs and are combined by the fuzzy combination. Similarly, the equation
three shows the intersection of four fuzzy subsets for which the “and” operator is used. The
intersection of four fuzzy subsets is achieved by clipping the output membership function.
In the purposed system the Equation (3) with (4) inputs are used to obtain the strength of
a rule by combining both fuzzified inputs and the output of membership function. The
linguistic variables as qualitative and quantitative can both be utilized to describe the fuzzy
set. According to the definition of membership function, each point is to be mapped to
the values between 0 and 1 in the defined universe of disclosure. The fuzzy rule in our
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purposed system is represented by rules to describe a piece of information; the fuzzy rules
in this system are the most widely and commonly used approach for the representation.

Our Solution follows the process as described in the flow chart above of fuzzy logic.
The result from our sensors are the crisp input for the algorithm. Fuzzy inference is

then applied for determining the matching degree of the input data with predefined rules
in the fuzzy logic and decided which predefine rule is to be fired based on the input values.
Then the centroid defuzzification process is used to produce the output values.

Algorithm 1 describes the working of fuzzy logic which is based on [34] and fuzzy
logic is represented in Figure 1 with all of its components as mentioned earlier. The
following algorithm implements the fuzzy logic system in this purposed solution SMDD.

Algorithm 1. The Purposed Fuzzy Logic Algorithm

1: Define: The terms and the variables
2: Create: Membership Functions for The Purposed Solution
3: Create: Rule base
4: Construct: Crisp Inputs using Membership Function and convert them to fuzzy values
5: Evaluate: The Rules present in rule base
6: Combine: The Results of each rule
7: Construct: Output from non-fuzzy values

As per the purposed algorithm, the first step is to define the variables and terms.
Sensors that are used to gather input in our purposed system are temperature, humidity
and smoke. The term used to represent humidity is Humidity -S, the term to resent
temperature is Temp-S and to represent smoke the term that is utilized in the purposed
system is Smoke-S. The second step was to setup the membership functions, which play a
very vital role because it is used to convert the inputs from the sensors known as crisp values
to fuzzy values as input. These inputs are utilized by our rule base which was set up after
the member ship function. The rule base consisted of all the rules checking the presence of
fire at low to high using all the inputs provided from temperature humidity smoke sensors.
Inference is made by utilizing the Fuzzy Rule base to check the intensity of fire based on
the fuzzy inputs based on the result; the last step was to perform defuzzification method.
The detail description of each of the component used in the algorithm is given below.

3.1.1. Fuzzification Method

In the fuzzification phase of the purposed fuzzy logic the input values from the hu-
midity, temperature and smoke sensors are converted into fuzzy inputs. This conversion
takes place with the help of membership functions which are explained in detail in the
next section. Each value from the sensor which is being fuzzified has their quality repre-
sented by their membership function; for example the membership function for humidity
sensor, Temperature and smoke sensor is given by “High”, “Mid” and “Low”, while the
membership faction for time is valued by “Long” and “Short” and the fuzzification set is
represented by the following relation (4)

G = β1 Z(x1) + β2 Z(x2) + β3 Z(x3) + . . . . . . . . . . . . + βn Z(xn) (4)

Here the Z(x1) is there representation of kernel of fuzzification. This method when
implemented the value if β is kept constant and the xi kept being converted to a fuzzy set
Z(xi). Fuzzification provides the fuzzy inputs on which the rule base is applied to get the
output on which critical decision are made depending upon the circumstances.

3.1.2. Membership Function

In the purposed solution the membership ship function is given by βG: X [0,1] accord-
ing to this for a given fuzzy set G in which X represents the universe of disclosure and
every value of X is mapped to a degree of membership ranging between the values from
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0 to 1. In the proposed system, a graphic approach can also be provided where x is the
representation of the values of universe of disclosure and the y is representing the degree of
membership ranging from 0 to 1. In the purposed system triangular membership function
is being used. Triangular member ship function according to definition has a lower limit
and an upper limit b and third value m acting as a mean between the lower and upper
limit which is represented as:

a < m < b

the reason for using triangular membership function is due to its simplicity to implement
and that it provides efficiency and accuracy. For implementation of triangular membership
function in the purposed system we have utilized the MATLAB “trimf” function.

βA(x) =


0,x ≤ a

(x− a)/(m− a),a < x ≤ m

(b− x)/(b−m),m < x ≤ b

0,x ≥ b

(5)

The x axis in triangular member ship function is represented by three parameters
gin as (a,m,b) these values represent the lower boundary peak and the upper boundary
respectively. The above-mentioned equation can also be expressed in the form of min max
operation as described in Equation (6).

triangle(x; a, b, c) = max
(

min
(

x− a
b− c

,
c− x
c− b

))
(6)

In the purposed system the fuzzy logic is based on the Equations (5) and (6) with
5 variables in which 4 of them are the inputs which are collected from (Temperature, hu-
midity, smoke and time) and one is output of the fuzzy logic system on which the purposed
system makes decisions. There are three variables involved in the triangular membership
function for each sensor which are given as a, b, c with the following property (a < b < c).
The linguistic variable use in the purposed system with above mention membership func-
tion are following change rate in Temperature-S, change rate in Humidity-S, change rate
in Smoke-S, Time and output variable showing the “fire chances”. The mentioned mem-
bership function is given as “trimf” function in the MATLAB fuzzy logic toolbox and is
further explained in Section 3 with each of the sensor mentioned here in detail.

3.1.3. Fuzzy Inference System Used for SMDD

The fuzzy inference system used in fuzzy logic algorithm is based on the if else rule,
and a set of membership functions with the combination of fuzzy logic operators (and, or).
In this purposed fuzzy logic algorithm fuzzy inference is use4d to map the fuzzy inputs
to and fuzzy output. There are different inference systems available such as Mamdani
fuzzy inference, Takagi-Sugeno Fuzzy Model and Tsukamoto fuzzy inference system. In
the purposed system the Mamdani Fuzzy Inference system is used which was purposed in
1975 by Ebhasism Mamdani, which was used to control a boiler with a steam engine and
boiler by utilizing a set of fuzzy rules that were obtained from a group of people working
on the system.

The following are the steps that are used in Mamdani fuzzy inference system to get
the computed output:

Step 1—Determine the fuzzy rules.
Step 2—convert crisp input using membership function to fuzzy input values.
Step 3—Set up the Rule base.
Step 4—Evaluate the fuzzy input on the bases of rule base and membership function

to get the output.
Step 5—Combine all the outputs.



Energies 2021, 14, 5500 8 of 30

Step 6—Defuzzification of the output from the membership function.

IF (Q1 is G1
1 AND W1 is G1

2 AND E1 is G1
3) THEN (z is B1) (7)

IF (Q2 is G2
1 AND W2 is G2

2 AND E2 is G2
3) THEN (z is B2) (8)

In the Equations (7) and (8) there are three fuzzy values given as Q, W, E and operator
is used here for applying intersection on these crisp inputs gathered from the sensors.

3.1.4. Defuzzification Method Used in the Proposed Fuzzy Logic

Defuzzification is the process of reducing the fuzzy member into a crisp member or
crisp set. In the purposed SMDD system the output evaluated with the help of rule set that
were given in the form of if-then else statements. These rule bases are being used as the
knowledge base to get the computed output. In this step the scaler values of the system
are fuzzified by applying the rules on them which results in generation of a fuzzy output
result which converts this into a scaler quantity. There are different methods available for
defuzzification described below:

3.1.5. Max Membership Method

This methodology is limited to peak output function. It is represented mathematically
as:

βG (x∗) > βG (x) for all x ∈ X (9)

3.1.6. Weighted Average Method

In weighted average the function is weighted using the maximum membership value.

3.1.7. Centroid Method

This method is developed by Sugeno in 1985. Mathematical representation of the
defuzzied output for centroid method is given as following:

x∗ =

∫
βG(x).xdx∫
βG(x).dx

(10)

Here X* is the defuzzied output. βG is the aggregated membership function. In the
purposed system the shape is obtained using “and” fuzzy operator by clipping the output
of membership function based on the rule strength.

Defuzzification is done in SMDD using Centroid Defuzzification Method and MAT-
LAB fuzzy logic toolbox.

4. Implementation of Smart Fire Detection and Deterrent (SMDD)

The purposed SMDD system used multiple sensors to detect fire presence. The
sensors that are used in this purposed solution included temperature sensor, humidity
sensor, smoke and flame sensor. The flame sensor is first sensor that goes off if it detects the
presences of flame. If the flame sensor detects presence of fire, then temperature humidity
and smoke starts sensing the environment and recording the inputs. The workflow of the
purposed system can be seen in Figure 2.

As defined in the workflow of the purposed system the sensors are attached with
Microcontroller that senses the environment. The second step in workflow is to sense the
presence of fire with the help of a flame sensor as soon as the sensor detects the presence.
As per Flow chart, a decision is to be made based on the severity of the fire. The severity of
fire here is detected by using the AI fuzzy logic algorithm, in which Fuzzy inference is then
applied for determining the matching degree of the input data with predefined rules in the
fuzzy logic and decided which predefine rule is to be fired based on the input values. Then
the centroid defuzzification process is used to produce the output decision value. Based on
the result, as per flow diagram system either sends the alert or starts the water sprinkler,



Energies 2021, 14, 5500 9 of 30

then the system waits for the next result as per the flow diagram cycle to send the alert or
to stop the water sprinkler and alerts if the situation is under control.
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4.1. Hardware and Software Used for the Implementation of SMDD

In the purposed solution different sensors that are used include MQ series MQ-7 smoke
sensor along with DHT22 temperature and humidity sensor. The flame sensor is used for
detecting flame. In order to power these sensors and perform operation the Arduino UNO
microcontroller is used. The details and specification for the above-mentioned sensors are
discussed below:

Arduino UNO microcontroller is a microcontroller board based on ATmega328. Ar-
duino is an open-source platform. The Arduino Uno board has 14 digital input/output
pins it has 6 analog inputs from A0 to A5. From the 14 pins 6 pins can be used as PWM
output. The crystal oscillator on this board is of 16 MHz a USB connector. It also has a
power jack and a reset button as shown in Figure 3.
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Features of the Arduino UNO:

• ATmega328
• Voltage: 5 V
• Input Voltage 7–12 V
• Input Voltage (limits): 6–20 V
• Digital Input Output Pins: 14
• 6 provide PWM output
• Analog Input Pins: 6
• Clock Speed: 16 MHz

4.1.1. Temperature and Humidity Sensor (DHT22) Sensor Module AM2302

The DHT22 humidity and temperature sensor is used to detect both temperature
and humidity of the environment. The DHT22 has three pins available on it: one for
digital input, one for power and the last one for ground. These pins are attached with the
micro controller. Dht22 sensor senses the temperature in centigrade and humidity value is
presented in percentage as shown in Figure 4.
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Figure 4. DHT22 Temperature and Humidity sensor.

DHT22 senses temperature in between the range from −40 ◦C to 80 ◦C; the range for
humidity scented by the DHT22 is in from 0% to 100%. The DHT22 has transformation
distance of 100 m. In order to configure DHT22 with Arduino microcontroller using
Arduino IDE DHT22 library is used.

4.1.2. DHT22 Specifications

� Operating Voltage: 3.5 V to 5.5 V
� Operating current: 0.3 mA (measuring) 60 uA (standby)
� Output: Serial data
� Temperature Range: −40 ◦C to 80 ◦C
� Humidity Range: 0% to 100%
� Resolution: Temperature and Humidity both are 16-bit
� Accuracy: ±0.5 ◦C and ±1%

Flame Sensor: In our proposed system, a flame sensor is used to detect the presence of
flame initially with wavelengths ranging from 760 nm to 1100 nm as shown in Figure 5.
Flame sensor integration with Arduino Uno microcontroller is done by attaching a ground
pin of sensor with microcontroller ground pin and the A0 pin of the sensor was attached
to microcontroller A0 pin. The flame sensor is powered with a 5 V power input from the
micro controller; the code is written for the flame sensor in the Arduino Ide.
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4.1.3. Flame Sensor Features

� LM393 comparator chip
� Range of Detection: 760 nm to 1100 nm
� Voltage: 3.3 V to 5 V
� MaxOutput Current: 15 mA
� Outputs Values: 0 and 1
� Angle of Detection: near to 60 degrees

Smoke Sensor MQ2 Gas sensor is an efficient sensor of sensing smoke alcohol hydro-
gen methane and carbon monoxide in the air. MQ2 is a metal oxide-based sensor; there is
another name used for this sensor—“Chemiresistors”; using the implementation of simple
voltage divider, the gas presence can be detected by MQ2 sensor. MQ2 is powered by
5 V of DC voltage and 800 mW is drawn out by the sensor as shown in Figure 6 and its
specification in Figure 7. The sensor has a steel mash over it that is called an anti-explosion
network which gives it the capability to sense flammable gas without exploding internally,
which makes it more ideal in our fire hazard-based situations. This mesh acts as shield as
well by allowing only gas elements through, due to which the accuracy of readings also
increases. The sensing element in the sensor is composed of Aluminum Oxide (AL2O3)
based ceramic with a coating of Tin Dioxide (SnO2). The Tin Dioxide is the most important
material being sensitive towards combustible gases [35].
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4.1.4. Smoke Sensor MQ2 Specifications

� Working Voltage is +5 V
� Can detect Alcohol, LPG, Hydrogen, CO, Propane and even methane
� Analog output voltage: 0 V to 5 V
� Digital Output Voltage: 0 V or 5 V
� Duration of preheat is 20 s
� Provides both digital and analog sensor

� VCC provides power to the module. It is connected to 5 V output from Arduino Uno
microcontroller.

� GND represents the Ground Pin.
� D0 provides our system with a digital output of the presence of combustible gases.
� A0 provides analog output.

4.2. Program for the Micro Sensors in Arduino IDE

After the hardware configuration of all the sensors with the microcontroller, in order
to read the sensors value and record them Arduino IDE 1.8.5 was used in which code was
written in C language, the only library used was for DHT22 to sense the humidity and
temperature. DHT22 is a library available online for the configuration of the sensor. Once
we were able to read the data, we were able to generate the real time graphs of sensor
sensing the environment in real time; the code for that is shown in the figure the input
from the code allowed us to calculate Universe of Disclosure for the simulation to work on
the MALTAB fuzzy logic tool box as shown in Figure 8.
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4.3. Graphical Representation of Sensors with Crisp Values

In this purposed system, there are three inputs from the following sensors: flame,
Temperature, Humidity and smoke sensor. Given below are the graphical representations
of how the environment affects each one of the scenes in the presence of fire as well as
absence of fire room temperature. There are two graphs for each of the sensors described
below one with the presence and another with absence of fire.

4.3.1. Graphical Representation of Flame Sensor

Flame sensor KY-026 in the purposed system is used to detect the presence or absence
of fire. The reason for using it is its sensitivity to IR wavelength. In this system, for flame
sensors we consider the analog output from the sensor which is a real time output voltage
signal on the thermal resistance. As can be seen in Figure 9, the graphical representation of
the flame sensor analog output is steady and provides a voltage signal above or near 980.
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Figure 9. Flame Sensor at Room Temperature.

Flame sensor KY-026 in the purposed system is used to detect the presence or absence
of fire. Figure 9 represents the graphical representation of the flame sensor analog voltage
signals output. In the presence of fire, as soon as the flame starts the values of the output
signal start to decrease; depending upon the intensity of the flame, the values drop signifi-
cantly. The sensor is highly sensitive to the intensity of fire, as in the Figure 10 the graph
shows that as the intensity of the fire starts to increase, the sensor voltage signal starts to
drop. As presented in the graph, the values drop from 980 up to below 100 as the intensity
of the flame continues to increase.
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4.3.2. Graphical Representation of DH11 Humidity Sensor

In the purposed solution for checking the humidity, the DH11 sensor comes into
play. For power we have used 5 v power supply from the Arduino board. The reason for
selecting the DH11 sensor is for its accuracy in detecting humidity between the range of
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0 to 100 percent. Figure 11 is the graphical representation of a humidity sensor sensing
humidity in percentages at room temperature; as can be seen, the humidity is near 37–38%.
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Figure 11. Humidity sensor at Room Temperature.

Figures 12 and 13 shows the graphical representation of a humidity sensor sensing
humidity in percentages in the presence of flame as the humidity starts to decrease. As
soon as the temperature starts to rise, the same can be seen in the graph where the humidity
is gradually decreasing as the temperature keeps on increasing, because as the temperature
increases due to fire, the moisture of the surroundings decreases.
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4.3.3. Graphical Representation of DH11 Temperature Sensor

In order to keep an eye on the temperature in the purposed system for sensing
temperature, the DH11 sensor again plays a vital role. The sensor is powered by a 5 volt
power supply from the microcontroller and has the ability to detect temperatures in the
following range: −40–80 ◦C. The figure shows a graphical representation of the output
of DH11 sensor while sensing temperature at room temperature; as can be seen, the
temperature is at a constant value of 36 ◦C.

Figure 14 is the graphical representation of a Dh1 sensor sensing temperature in the
presence of gradually increasing fire; as can be seen from the graph, the sensor is capable
of detecting a gradual increase in temperature accurately.
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Figure 14. Temperature sensor in the presence of flame.

In order to make our purposed system smart enough and to provide life support to
people if the intensity of fire increases to such a level as might cause suffocation, our system
utilizes the MQ2 smoke sensor which detects the intensity of the smoke created by the fire.
The sensor is powered with a 5 V supplied from the microcontroller. If the smoke reaches
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a critical level, the lives of people caught in that fire might be at risk, and our system is
smart enough to start a ventilation process to provide life support. Figure 15 provides the
graphical representation of smoke levels at room temperature in analog voltage signals;
the value is consistent and is at 46 with small variations, which means there is no smoke
present at room temperature.
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Figure 16 is the graphical representation of smoke sensor providing output in analog
voltage signals in the presence of flame and smoke.
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4.3.4. Graphical Representation of DH11, MQ2 and Flame Sensor

In order to explain how our system acts in a critical situation when the fire becomes a
hazard, our graphs describes how the sensor acts at room temperature and how a critical
situation affects the values of the sensor, which makes it possible to handle critical scenarios.
Figure 17 is the graphical representation of all the sensors at room temperature including
smoke, humidity, temperature and flame sensors. As can be seen, the flame sensor shows
an analog output signal at 980 and the smoke sensor shows the voltage signal between
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the ranges of 48–50. Humidity is at a value in the range of 40 percent and temperature is
constant at about 36 ◦C.
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Figure 17. Humidity, Smoke, Temperature, Flame sensor in the absence of flame.

Figure 18 shows the graphical representation of all the sensors in the presence of
smoke and flame. As can be seen, the output voltage from the flame sensor is decreasing,
which will alert that flame is indeed present and all the sensor values will then be used
to make a decision using the fuzzy logic algorithm. Humidity increases as temperature
increases due to fire, and the value temperature in degrees sensed by the DH11 sensor
continues increasing above 40 ◦C. As can be seen in the graph values, the smoke sensor
also senses the smoke due to providing an increasing analog voltage signal going above
260.
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4.4. Records for Fuzzy logic Based on Sensors Data

The simulation work was done in MATLAB using the assistance of fuzzy logic toolbox
for the purposed solution. In order to test whether the fire is present, there are a number
of scenarios taken in account with the presence of fire and the absence of fire under harsh



Energies 2021, 14, 5500 19 of 30

conditions on both ends with respect to humidity smoke and temperature sensors. The
scenario also accounts for the time interval so that a better decision can be made about the
intensity of fire if such a case arises. The data was gathered in real time from the sensor
and was saved based on the data universe of disclosure for each of the sensors established.

In order to calculate Universe of disclosure for the purposed system simulation to
work in MATLAB, data is gathered and displayed in Table 2. The data is collected and
stored by the sensor in real time where each column represent the values of the sensors
captured. The first column represents the Time interval that was recorded in minutes for
each sensor value and in each iteration, time is continuously recorded as it increases while
sensors senses the environment and decisions are updated with the new result, while the
second column is the representation of temperature sensor data. The third column is the
representation of humidity in percentages data which shows how the humidity is affected
as the times move on and fire is detected. The fourth column represents the presence of
smoke, the value representing how the presence of smoke affects the smoke sensor as it
detects smoke starting due to the presence of fire. In Table 2, the first iteration shows at
time 2 min that the temperature is 10 ◦C and humidity sensed is 30%, while smoke is 0 at
second time (fifth minute) the temperature stated increasing to 29 degrees and humidity
decreasing to 28 percent, and the smoke sensor senses the value at 30. When time is
recorded at 10 min, the temperature is 36 degrees and humidity drops to 15 with smoke at
a value of 100. In Table 3 for Experiment 2, in the second iteration when time is recorded
at a value of 2 min, the temperature sensor records the temperature of the environment
at a value of 26 ◦C and humidity is recorded by the humidity sensor at 22%, while smoke
is 16%. In the fourth iteration when time is recorded at value of 12 min the temperature
sensor records the temperature of the environment at a value of 35 ◦C and humidity is
recorded by the humidity sensor at 17.8%, while smoke is 222.23%. For simulation, more
than 70 experiments were done with more than 1000 values; based on this record we can
set the Universe of Disclosure which is described below in Universe of Discourse for the
values of membership function, meanwhile likewise the same as shown in Table 4 for
experiment number 3.

Table 2. Experiment No 1.

Time (min) Temp-S (◦C) Humidity-S (%) Smoke-S (%)
2 10 30 0

3.4 25 28 6
5 29 28 30
10 36 15 100
15 30 22 50

Table 3. Experiment No 2.

Time (min) Temp-S (◦C) Humidity -S (%) Smoke-S (%)
0.8 18 36 0
2 26 24.6 16

4.2 29 22 89
12 35 17.8 222.23
19 38 10.2 354

In Table 5, the first column is representation Universe of Disclosure for linguistic fuzzy
variable of Temperature sensor (Temp-S). For example, if the temperature of the particular
area is 28 ◦C it will lie in the 0–30 ◦C range. If the temperature at any moment is 50 ◦C, then
it lies in the range of high, which is starting from 45 ◦C up to 100 ◦C. The second column,
which is Universe of Disclosure for the linguistic fuzzy variable Humidity (Humidity-S);
for example if humidity is 29%, then it will be considered high as it lies in the high range
which ranges in between 15–30%. The third column is representation of the Universe
of Disclosure for a smoke sensor. The fourth column is the representation of universal
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of disclosure for Fire-Chances; this column represents the output at which different fire
handling mechanisms will be activated and decisions are taken by the purposed system.
The fifth column represents the times Universe of Disclosure, which holds values for short-
and long-range and is measured in minutes. Based on these Universe of Disclosure for
each of the linguistic fuzzy variables, different rules are applied.

Table 4. Experiment No. 3.

Variables
Universe of
Disclosure

for Temp-S (◦C)

Universe of
Disclosure

for Humidity-S
(%)

Universe of
Disclosure

for Smoke-S (%)

Universe of
Disclosure

for Fire-Chances
(%)

Universe of
Disclosure
for Time

LOW 0–30 0–6 0–63 0–25
MID 30–45 6–15 63–200 25–55

HIGH 45–100 15–30 200–400 55–100
SHORT (TIME) 0–5

lONG(TIME) 5–20

Table 5. Rules for flame sensor.

Flame Start from Beginning Move to Next Step
Flame present No Yes

Flame not present Yes No

4.5. Universe of Disclosure Configuration Representation on MATLAB

MATLAB provides fuzzy controller block, by which we can simulate the fuzzy logic
control in order that first we enter the fuzzy variable with the inputs and based on those
inputs we set up membership function. On these membership functions, a rule set is
defined by which we get results on output that are interpreted using the procedure of fuzzy
inference in order to do all that. The MATLAB fuzzy tools box for ease provides different
editors and views to set up this data. In order to achieve our result for this purposed system,
each of those views and editors are used. We used MATLAB 2018 version to provide the
simulation result. In order to start this whole process, one has to enter the command of
fuzzy in the command window, upon which fuzzy toolbox opens, and here we enter the
variable state, their name and set our desired behavioral options.

4.5.1. Fuzzification Implementation in MATLAB

In fuzzification as described in fuzzy logic, crisp values are taken as input and are
represented by a fuzzy linguistic variable with the help of membership function. in our
purposed research, five inputs are taken into account: flame change in temperature, change
in humidity change in time and smoke, and one output is evaluated based on the results of
these inputs, known as fire-chances. Flame sensor variable is a constant because it is used
to represent weather so its use is just for checking flame presence, and then all the rules
are applied on the values captured after confirming that if fire is present by the rest of the
sensor, the smoke humidity temperature and time are used in simulation of fuzzy logic to
determine the chances of fire.

Membership Function for (Temp-S) temperature sensor: In Figure 19 LOW, MID,
High are the three linguistic fuzzy variables used for representation of Temp-S. The y-axis
value is a range between 0 and 1, respectively. The x-axis value is represented by a range
between 0 and 100. Where the linguistic fuzzy variable low resides between 0 ◦C to 30 ◦C
and medium variable resides in between the range of 30 ◦C to 45 ◦C. The linguistic fuzzy
variable High is represented by the range from 45 ◦C to 100 ◦C; these values are based on
the Universe of disclosure calculated for the temperature sensor (Temp-S) described in
Table 3.
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Membership Function for (Humidity-S) humidity sensor: In Figure 20 LOW, MID,
High are the three linguistic fuzzy variables used for representation of Humidity-S. The
y-axis value is given in a range between 0 and 1, respectively, for x-axis value is represented
by a range from 0 to 30, where the linguistic fuzzy variable low resides between 0% to
6% and medium variable resides in between the range of 6% to 15%. The linguistic fuzzy
variable High is represented by the range from 15% to 30%, these values are based on
the Universe of disclosure calculated for the Humidity sensor (Humidity-S) described in
Table 4.
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Membership Function for (Smoke-S) Smoke sensor: In Figure 21, LOW, MID, High are
the three linguistic fuzzy variables used for representation of Smoke-S. The y-axis value is
represented by a range from 0 to 1, respectively, the x-axis value is represented by a range
from 0 to 30, where the linguistic fuzzy variable low resides between 0 to 55 value and
medium variable resides in between the range of 55 to 250 values. The linguistic fuzzy
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variable High is represented by the range from 250 to 450 values; these values are based on
the Universe of disclosure calculated for the Smoke sensor (Smoke-S) described in Table 5.
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Membership Function for Time sensor SHORT and LONG are the three linguistic
fuzzy variables used for representation of Time. The y-axis value is represented by a range
from 0 to 1 respectively the x-axis value is represented by a range from 0 to 100. Where
the linguistic fuzzy variable SHORT resides between 0 to 5 min and Long variable resides
in between the range of 5 to 20 min. These values are based on the Universe of disclosure
calculated for the Time described in Table 6.

Table 6. Rules for SMDD (Short Time).

Humidity-s Temperature-s
Low Mid High

low Low Low MID
mid Low Low Low
high Low Low Low

4.5.2. Membership Function for Fire Chances

In Figure 20, LOW, MID, High are the three linguistic fuzzy variables used for represen-
tation of Fire-Chances. The y-axis value is represented by a range from 0 to 1, respectively,
the x-axis value is represented by a range from 0% to 100%, where the linguistic fuy variable
low resides between 0% to 25% value and medium variable resides in between the range of
25% to 55% value. The linguistic fuzzy variable High is represented by the range 55% to
100%

4.5.3. Setting Up Fuzzy Rules on MATLAB Using Fuzzy Rule Editor

After the membership function has been defined, the next step is to define the fuzzy
rule set in Fuzzy logic. IF-Then is the provided way to represent the rules and this can be
configured in the MATLAB rules editor. In this purposed system, four fuzzy inputs are
used, on which IF-Then conditions are applied to get the desired output. As a flame sensor
is used to detect presence of flame, it’s a Boolean value as displayed in Table 4; if the fire
is present then our proposed system will move to the next step and the values of smoke,
temperature, humidity and time will be recorded to determine the chances and intensity
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of fire. If the flame sensor gives a false value, then the system will not move forward to
the next step and will continue to sense the presence of it. In our purposed system for
fuzzy rule set we have 72 rules to check the intensity of fire with respect to time being
short and long. On the basis of these results, the system takes action to handle the situation
depending upon the intensity. If the output is low, our purposed system sends an alert.

4.5.4. Rules for SMDD (in Case of When Time Is Short and Smoke Is Not Present)

Table 6 demonstrates all the rules in the case when the time is short, and the smoke is
not present, but the fire has been detected by the flame sensor, so the system has started to
evaluate the condition based on the sensor values. In this table, as smoke is not present,
the focus of rules is on Humidity-S and Temperature-S, and is described by Low, Mid and
High.

Rules for SMDD (in case of when time is long and smoke is not present): Table 7 is
similar to Table 5 where smoke is not present and fire is detected by the flame sensor, but
with one exception: these time rules are the representation of the system when time is
considered “long” instead of “short”.

Table 7. Rules for SMDD (Long Time).

Humidity-s Temperature-s
Low Mid High

low Low High High
mid Low Low Mid
high Low Mid Mid

4.5.5. Safeguard Mechanisms Based on the Outcomes

In our purposed system, different safeguard mechanisms are placed and they are
activated according to the situation. These mechanisms are described in Table 8 with their
respective actions. For example, if the fire occurs and the outcome is slow, then an alert
will be transmitted to the management about the presence of fire. In such a scenario where
the output of fuzzy logic system is high, then the alarm will be activated, followed by an
alert message sent to the management, and the water sprinkler will also be activated in
order to get the situation under control. Air ventilation support is also provided in high
chances of fire when such a scenario occurs where the high percentage of smoke is present
and may result in suffocation.

Table 8. Safeguard mechanisms.

Outcome Safeguards
low Notification Alert
mid Notification Alert/Fire Alarm/Water Sprinkler (Low)

High Notification Alert/Fire Alarm/Water Sprinkler(Low)/Ventilation

4.5.6. Adding Rules Using Rules Editor

After we have calculated all the possible rules with respect to the SMDD sensors, the
next step is to add these rules in the MATLAB rules editor. In the rule editor we provide
with our inputs with a list of low, mid and high value, and an output with possible outputs
to choose from and operation to apply either and/or this can be seen in the Figure 22.
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5. Results and Discussion

A total of 15 experiments were performed to evaluate the performance of a system
when dealing with different intensities of fire ranging from low, medium, and high. Our
system output result ranges from 0 to 100, in which on average our system detected
between 10 to 84. Out of a total of 15 experiments, as shown in Table 6 results and visual
presentation on three of the experiments are given from Figures 16–19 with chances of fire
ranging between low, medium, and high.

5.1. Result Based on MATLAB Rules Viewer Fuzzy Logic

In Figure 23 the results for experiment 1 are discussed in MATLAB viewer. In the
MATLAB rules viewer, we have four columns. The first column (Temperature-S), which
represents the changes in temperature as sensed by the sensor, second column (Humidity-S)
which represents humidity as recorded by the humidity sensor. The third column (Smoke-S)
is for smoke value recorded by the smoke sensor. The fourth column is (Time) showing the
values in minutes. The fifth column represents Fire-Chances. The Fire-Chances column
describes the fire chances. As presented in Figure 16, recorded temperature (Temp-S) value
is 10 ◦C. The recorded value of humidity (Humidity-S) is at 29% and the recorded value of
smoke (Smoke-S) is at 0% Time is 10 min the output is 10.3% percent which tell the chances
of fire are very low. According to our rules there is a need to alert the management.

In Figure 24 the results for experiment 2 are discussed in MATLAB viewer. In the
MATLAB rules viewer, we have four columns. The first column (Temperature-S) which
represents the changes in temperature as sensed by the sensor, second column (Humidity-S)
which represents humidity as recorded by the humidity sensor. The third column (Smoke-S)
is for smoke value recorded by smoke sensor. The fourth column is (Time) showing the
values in minutes. The fifth column represents Fire-Chances. The Fire-Chances column
represents the chances of fire. As presented in Figure 17, recorded temperature (Temp-S)
value is 35 ◦C. The recorded value of humidity (Humidity-S) is at 10% and the recorded
value of smoke (Smoke-S) is at 300 Time is 10 min the output is 55.8% percent which tell the
chances of fire are very low. According to our rules there is a need to alert the management.
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Figure 25 is the representation of MATLAB Rules Viewer. In the Rule Viewer for
our purposed system we have set up four columns as input and there is a fifth column
which represents the outcome of the purposed system. The first input column as shown in
Figure 26 is of a temperature sensor which shows the recorded value of temperature by
sensor (Temp-S) and the value for it is set at 60 ◦C. The second column in the MATLAB
result viewer is for the humidity, which is recorded and represented here by the (Humidity-
S) sensor and the value for it is set at 5%. Respectively, the third column represent the
recorded value of smoke by the (Smoke-S) sensor where the value for it is set at 305 and the
fourth column is representation of time which is set at the value of 20 min. The fifth column,
known as Fire-Chances, is the output column. In the MATLAB rules viewer, there is an
option of setting the input values manually. At this point our system SMDD is complete.
Built-in method for inference and defuzzification are used in the software. SMDD is ready
to take the input values as fuzzy inputs as represented in Figure 24 (60,5,30,10) are the input
values entered for temperature, humidity, smoke and time, respectively. The composed
output result, known as Fire-Chance, has been defuzzied using the central Defuzzification
method which was implemented using MATLAB. As displayed in Figure 26 the output for
the experiment 3 is 79.6%, which represents that the presence of fire chance is very high,
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and as the smoke value is very high, which might cause suffocation in order to provide
further ascendance with an alert, alarm and water sprinkler human life support systems
are also activated with a ventilation system installed in the building.
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Figure 26. Surface viewers for Temperature and Humidity using MATLAB.

Figure 25 displays the surface viewer using MATLAB which shows the Fire-Chances
it’s the graphical representation of the result. The x-axis represents the value humidity.
Y-axis is the representation of temperature recorded value and the output is represented
using the z axis, as can be seen in the figure when the temperature increases and humidity
decreases the chances of fire increases, and vice versa.

All the experiments discussed in detail and the rest of the experiments that are
performed are illustrated, with their observations and results in Table 9.
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Table 9. Results of 15 experiments based on SMDD.

Sr.
No.

Flame
Presence

Temp-S
(◦C)

Humidity-S
(%) Smoke-S Time in

Minutes
Chances of

Fire (%)
Test

Result
Actual
Result

Accuracy
(%)

1 1 40 18 233 5 27 Low Low 100
2 1 42 15 240 8.22 50 Mid Mid 100
3 1 45 15 242 2.4 50 Mid Mid 100
4 1 39 18 50 5.2 27 Low Low 100
5 1 38.9 21 52 3.2 10.1 Low Low 100
6 1 46.5 15 80 4 50 Mid Mid 100
7 1 48 11.5 300 5.5 60.5 High High 100
8 1 42 22 250 2.2 21.2 Low Low 100
9 1 39.3 25 100 5.77 54.5 Mid Mid 100
10 1 32 23 20 4.52 11.6 Low Low 100
11 1 35 10 300 10 55.8 High High 100
12 1 22 26 0 12.5 10.7 Low Low 100
13 1 10 29 0 10 10.3 Low Low 100
14 1 12 22 0 12.1 9.62 Low Low 100
15 1 60 5 305 20 79.6 High High 100

Recorded results as represented in Table 6. In experiment 1 one the presence of flame
is 1 and the temperature recorded is at 40 ◦C. Humidity is recorded at 18% by humidity
sensor and smoke detected by smoke sensor is at a value of 233 while time is 5 min. The
chances of fire are 27%, which is low, and the result is same as the actual outcome which
means the accuracy is 100%. In experiment 2 the presence of flame is 1 and the temperature
recorded is at 42 ◦C. Humidity is recorded at 15% by humidity sensor and smoke detected
by the smoke sensor is at a value of 240, while time is 8.22 min. The chances of fire are 50%,
which is Mid, the same as the actual result, and accuracy is 100%. In experiment 3, again
the presence of flame is 1. The temperature recorded is at 45 ◦C. Humidity is recorded at
15% by the humidity sensor and smoke detected by the smoke sensor is at a value of 242
while time is 2.4 min. The chances of fire are 50%, the actual result is Mid, which is the
same as the fire chances; accuracy is 100%. In experiment 4 value of the presence of flame
is 1. Recorded temperature is at 39 ◦C. Recorded Humidity is at 18% as per the humidity
sensor and smoke detected by the smoke sensor is at a value of 50, while time is 5.2 min.
The chances of fire are at 27%, and the actual result is Low, which is the same as the fire
chances; again, accuracy is 100%. As described in the Table 9 for experiment 5, the value
of the presence of flame is 1. Recorded temperature is at 38.9 ◦C. Recorded Humidity is
at 21% by humidity sensor and smoke detected by smoke sensor is at a value of 52, while
time is 3.2 min. The chances of fire are at 10.1%, the actual result and the fire chances are
the same, and representing accuracy is 100%. From experiment 6 to 15, some of them show
Fire-Chances at Mid, some show Low Fire-Chances and in others Fire-Chances are high,
but all of the results are the same as the actual outcome, which proves that our system is
working according to defined rules described in detail earlier, and is also intelligent enough
to detect fire while taking its intensity into account. The accuracy can be calculated for the
SMDD by the following formula:

SMDD accuracy = ∑
( µ

N

)
∗ 100% (11)

where µ is the total number of accurate results and N is the representation of total number
of experiments performed by applying the formula we get an accuracy of 100%.

5.1.1. Limitation of the Proposed Approach

The system purposed here has the ability to detect the presence of fire efficiently where
it has a significant number of advantages. There are some limitations to the existing system.
The advantages and disadvantages with the traditional system are given in Table 10.
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Table 10. Advantages of SMDD over traditional system.

SMDD Traditional Systems

• SMDD is cost effective.
• Image processing and infrared thermal

detection-based solutions are quite
expensive.

• Detects fire with multiple sensors. • Tradition system mostly uses single
sensors.

• SMDD provide human life support.
• Tradition mostly provides the facility of

alarms and water support to control the
situation.

• SMDD provide alarms facility with water
sprinkler facility and also provide
updated alerts to the higher management
if situation gets too much out of control.

• Traditional system relaying on single
sensor some time cannot distinguish
between true and false fire occurring
situation and start the alarms.

• SMDD doesn’t require supervision it
completely autonomous.

• SMDD can distinguish between false and
true fire ignitions.

5.1.2. Limitations

Some of the limitations of SMDD are based on the area it is covering. The system is
designed for houses and small offices. Accuracy may differ in bigger halls.

A flame sensor can also detect heat from the sun, so the purposed system accuracy
can be affected by open areas, although it works perfectly for indoor facilities.

6. Conclusions

This paper presents a solution known as a Smart Fire Detection and Deterrent System
(SMDD). Its basic purpose is to detect fire and utilize energy and resources to detect fire
efficiently, unlike single sensor systems which might cause false alarm. Our system uses
multiple sensors, which are temperature, heat, humidity and smoke. The results from
these sensors are then analyzed and processed by the AI-based algorithm fuzzy logic. The
results of the analysis are then used to perform alerts and support tasks depending upon
the severity of the fire, such as while detecting the level of smoke in air. The system starts
ventilation to avoid suffocation and also starts a water sprinkler that acts as a first line
of defense until the fire department arrives. Simulation work has been carried out using
MATLAB, the results of which are discussed in detail in this paper.

Author Contributions: A.R., M.A.Q. and T.A. have proposed the research conceptualization. The
methodology is performed by M.I., S.Y. and S.A. The technical and theoretical framework is prepared
by, U.D., A.A. and A.G. The technical review and improvement have been performed by A.A.A. The
overall technical support, guidance and project administration is done by G.N. and M.W. All authors
have read and agreed to the published version of the manuscript.

Funding: The research was conducted at the Faculty of Electrical and Computer Engineering,
Cracow University of Technology and was financially supported by the Ministry of Science and
Higher Education, Republic of Poland (grant no. E-3/2021).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Energies 2021, 14, 5500 29 of 30

Data Availability Statement: Not applicable.

Acknowledgments: The authors acknowledge support from Najran University, Kingdom of Saudi
Arabia, University of Okara, and University of Sahiwal Pakistan.

Conflicts of Interest: The authors declare that there is no conflict of interest.

References
1. Jain, A.; Rachit, R.B.; Nandyal, S. IOT Based Firing System in Defence. August 2020. Available online: https://www.ijraset.com/

fileserve.php?FID=30903 (accessed on 27 August 2021).
2. Srivastava, D.; Varshini, A. LPG Gas Monitoring and Cylinder Booking Alert System. IJPRSE 2021, 2, 12–17. Available online:

https://www.journals.grdpublications.com/index.php/ijprse/article/view/263 (accessed on 27 August 2021).
3. Benson, G. Chapter 14—Fire Prevention, Detection, and Response, 2nd ed.; Elsevier Inc.: Amsterdam, The Netherlands, 2020.
4. de Almeida, R.V.; Crivellaro, F.; Narciso, M.; Sousa, A.I.; Vieira, P. Bee2Fire: A deep learning powered forest fire detection system.

In Proceedings of the ICAART 2020—12th International Conference on Agents and Artificial Intelligence, Valletta, Malta, 22–24
February 2020; SciTePress: Setúbal Municipality, Portugal, 2020; Volume 2, pp. 603–609. [CrossRef]

5. Zhang, Q.; Wang, Y.; Soutis, C.; Gresil, M. Development of a fire detection and suppression system for a smart air cargo container.
Aeronaut. J. 2020, 1–18. [CrossRef]

6. Papa, A.; Shemet, Y.; Yarovyi, A. Analysis of fuzzy logic methods for forecasting customer churn. Technol. Audit. Prod. Reserv.
2021, 1, 12–14. [CrossRef]

7. Zadeh, L.A. Outline of a new approach to the analysis of complex systems and decision processes. IEEE Trans. Syst. Man. Cybern.
1973, 3, 28–44. [CrossRef]

8. Introduction, I. Communication Fuzzy Algorithms. Inf. Control 1968, 102, 94–102.
9. Afonso, C. A Study on Fuzzy Searching Algorithm and Conditional-GAN for Crime Prediction System. J. Korea Inst. Inf. Electron.

Commun. Technol. 2021, 14, 149–160.
10. Li, C.; Zhang, Y. Design of a Multi-axis Motion Control Platform Based on LabVIEW’s Fuzzy Control Algorithm. J. Mech. Eng.

Autom. 2021, 11, 11–16. [CrossRef]
11. Soliman, H.; Sudan, K.; Mishra, A. A smart forest-fire early detection sensory system: Another approach of utilizing wireless

sensor and neural networks. In Proceedings of the 2010 IEEE Sensors; Institute of Electrical and Electronics Engineers (IEEE):
New York, NY, USA, 2010; pp. 1900–1904. [CrossRef]

12. Vellguth, F. Der Turm des Freiburger Münsters: Versuch einer Darstellung Seiner Formzusammenhänge; Wasmuth: Berlin, Germany,
1983; pp. 1205–1208.

13. Pritam, D.; Dewan, J.H. Detection of fire using image processing techniques with LUV color space. In Proceedings of the 2017
2nd International Conference for Convergence in Technology (I2CT), Mumbai, India, 7–9 April 2017; Volume I2CT, pp. 1158–1162.
[CrossRef]

14. Laneve, G.; Castronuovo, M.; Cadau, E. Continuous Monitoring of Forest Fires in the Mediterranean Area Using MSG. IEEE
Trans. Geosci. Remote. Sens. 2006, 44, 2761–2768. [CrossRef]

15. Hu, H.; Wang, G.; Zhang, Q.; Wang, J.; Fang, J.; Zhang, Y. Design wireless multi-sensor fire detection and alarm system based on
ARM. In Proceedings of the 2009 9th International Conference on Electronic Measurement & Instruments, Beijing, China, 16–19
August 2009; IEEE: New York, NY, USA, 2009; pp. 3–285.

16. Muhammad, K.; Rodrigues, J.J.P.C.; Kozlov, S.; Piccialli, F.; De Albuquerque, V.H.C. Energy-Efficient Monitoring of Fire Scenes for
Intelligent Networks. IEEE Netw. 2020, 34, 108–115. [CrossRef]

17. Wei, Y.; Chunyu, Y.; Yongming, Z. Based on wavelet transformation fire smoke detection method. In Proceedings of the 2009 9th
International Conference on Electronic Measurement & Instruments, Beijing, China, 16–19 August 2009; Institute of Electrical and
Electronics Engineers (IEEE): Piscataway, NJ, USA; pp. 2–872.

18. Mohapatra, S.; Khilar, P. Forest fire monitoring and detection of faulty nodes using wireless sensor network. In Proceedings of
the 2016 IEEE Region 10 Conference (TENCON), Singapore, 22–25 November 2016; pp. 3232–3236. [CrossRef]

19. Huang, X.; Du, L. Fire Detection and Recognition Optimization Based on Virtual Reality Video Image. IEEE Access 2020, 8,
77951–77961. [CrossRef]

20. Navyanth, K.; Jacob, S. Navigation of Autonomous Firefighting Robots Using Fuzzy Logic Technique. Ijesit 2015, 4, 138–147.
21. Kanakam, P.; Hussain, S.M.; Chakravarthy, A.S.N. Electronic noses: Forestalling fire disasters: A technique to prevent false

fire alarms and fatal casualties. In Proceedings of the 2015 IEEE International Conference on Computational Intelligence and
Computing Research (ICCIC), Madurai, India, 10–12 December 2015; pp. 1–6.

22. Liang, C.B.; Tabassum, M.; Kashem, S.B.A.; Zama, Z.; Suresh, P.; Saravanakumar, U. Smart Home Security System Based on
Zigbee. In Advances in Intelligent Systems and Computing; Springer: Singapore, 2021; pp. 827–836.

23. Saeed, F.; Paul, A.; Rehman, A.; Hong, W.H.; Seo, H. IoT-Based Intelligent Modeling of Smart Home Environment for Fire
Prevention and Safety. J. Sens. Actuator Networks 2018, 7, 11. [CrossRef]

24. Dasari, P.; Reddy, G.K.J.; Gudipalli, A. Forest fire detection using wireless sensor networks. Int. J. Smart Sens. Intell. Syst. 2020, 13,
1–8. [CrossRef]

https://www.ijraset.com/fileserve.php?FID=30903
https://www.ijraset.com/fileserve.php?FID=30903
https://www.journals.grdpublications.com/index.php/ijprse/article/view/263
http://doi.org/10.5220/0008966106030609
http://doi.org/10.1017/aer.2020.89
http://doi.org/10.15587/2706-5448.2021.225285
http://doi.org/10.1109/TSMC.1973.5408575
http://doi.org/10.17265/2159-5275/2021.01.002
http://doi.org/10.1109/ICSENS.2010.5690033
http://doi.org/10.1109/i2ct.2017.8226309
http://doi.org/10.1109/TGRS.2006.881716
http://doi.org/10.1109/MNET.011.1900257
http://doi.org/10.1109/tencon.2016.7848647
http://doi.org/10.1109/ACCESS.2020.2990224
http://doi.org/10.3390/jsan7010011
http://doi.org/10.21307/ijssis-2020-006


Energies 2021, 14, 5500 30 of 30

25. Ali, T.; (COMSATS University Islamabad); Razwan, A.R.; Baig, I.; (COMSATS University Islamabad); Irfan, M.; (COMSATS
University Islamabad); Draz, U. Efficient Shadow Encoding Scheme towards Power Spectrum Density in Digital Network
Communication. Wireless Personal Communications, 2021.

26. Malykhina, G.F.; Guseva, A.I.; Militsyn, A.V. Early fire prevention in the plant. In Proceedings of the 2017 International Conference
on Industrial Engineering, Applications and Manufacturing (ICIEAM), Sochi, Russia, 16–19 May 2017; pp. 1–4. [CrossRef]

27. Liu, L.; Sun, R.; Sun, Y.; Al-Sarawi, S. A smart bushfire monitoring and detection system using GSM technology. Int. J. Comput.
Aided Eng. Technol. 2010, 2, 218–233. [CrossRef]

28. Hussain, A.; Irfan, M.; Baloch, N.K.; Draz, U.; Ali, T.; Glowacz, A.; Dunai, L.; Antonino-Daviu, J. Savior: A Reliable Fault Resilient
Router Architecture for Network-on-Chip. Electronics 2020, 9, 1783. [CrossRef]

29. Buemi, A.; Giacalone, D.; Naccari, F.; Spampinato, G. Efficient fire detection using fuzzy logic. In Proceedings of the 2016 IEEE
6th International Conference on Consumer Electronics Berlin (ICCE-Berlin), Berlin, Germany, 5–7 September 2016; ICCE-Berlin,
Volume 2016-October. pp. 237–240. [CrossRef]

30. Hussain, A.; Draz, U.; Ali, T.; Tariq, S.; Irfan, M.; Glowacz, A.; Antonino Daviu, J.A.; Yasin, S.; Rahman, S. Waste management and
prediction of air pollutants using IoT and machine learning approach. Energies 2020, 13, 3930. [CrossRef]

31. Zhang, W.; Meng, Y.; Liu, Y.; Zhang, X.; Zhang, Y.; Zhu, H. HoMonit: Monitoring Smart Home Apps from Encrypted Traffic; 2018; pp.
1074–1088. Available online: https://dl.acm.org/doi/10.1145/3243734.3243820 (accessed on 27 August 2021).

32. Azmil, M.S.A.; Ya’Acob, N.; Tahar, K.N.; Sarnin, S.S. Wireless fire detection monitoring system for fire and rescue application. In
Proceedings of the 2015 IEEE 11th International Colloquium on Signal Processing & Its Applications (CSPA), Kuala Lumpur,
Malaysia, 6–8 March 2015; Volume 10, pp. 84–89. [CrossRef]

33. Ali, T.; Draz, U.; Yasin, S.; Noureen, J.; Shaf, A.; Ali, M. An efficient participant’s selection algorithm for crowdsensing. Int. J. Adv.
Comput. Sci. Appl. 2018, 9, 399–404. [CrossRef]

34. Singhala, P.; Shah, D.N.; Patel, B. Temperature Control using Fuzzy Logic. arXiv 2014, arXiv:1402.3654.
35. Evalina, N.; Azis, H.A. Implementation and design gas leakage detection system using ATMega8 microcontroller. IOP Conf. Ser.

Mater. Sci. Eng. 2020, 821, 012049. [CrossRef]

http://doi.org/10.1109/icieam.2017.8076375
http://doi.org/10.1504/IJCAET.2010.030546
http://doi.org/10.3390/electronics9111783
http://doi.org/10.1109/icce-berlin.2016.7684764
http://doi.org/10.3390/en13153930
https://dl.acm.org/doi/10.1145/3243734.3243820
http://doi.org/10.1109/cspa.2015.7225623
http://doi.org/10.14569/IJACSA.2018.090154
http://doi.org/10.1088/1757-899X/821/1/012049

	Introduction 
	Related Work 
	Methods and Equipment’s 
	Purposed Fuzzy Logic System Architecture 
	Fuzzification Method 
	Membership Function 
	Fuzzy Inference System Used for SMDD 
	Defuzzification Method Used in the Proposed Fuzzy Logic 
	Max Membership Method 
	Weighted Average Method 
	Centroid Method 


	Implementation of Smart Fire Detection and Deterrent (SMDD) 
	Hardware and Software Used for the Implementation of SMDD 
	Temperature and Humidity Sensor (DHT22) Sensor Module AM2302 
	DHT22 Specifications 
	Flame Sensor Features 
	Smoke Sensor MQ2 Specifications 

	Program for the Micro Sensors in Arduino IDE 
	Graphical Representation of Sensors with Crisp Values 
	Graphical Representation of Flame Sensor 
	Graphical Representation of DH11 Humidity Sensor 
	Graphical Representation of DH11 Temperature Sensor 
	Graphical Representation of DH11, MQ2 and Flame Sensor 

	Records for Fuzzy logic Based on Sensors Data 
	Universe of Disclosure Configuration Representation on MATLAB 
	Fuzzification Implementation in MATLAB 
	Membership Function for Fire Chances 
	Setting Up Fuzzy Rules on MATLAB Using Fuzzy Rule Editor 
	Rules for SMDD (in Case of When Time Is Short and Smoke Is Not Present) 
	Safeguard Mechanisms Based on the Outcomes 
	Adding Rules Using Rules Editor 


	Results and Discussion 
	Result Based on MATLAB Rules Viewer Fuzzy Logic 
	Limitation of the Proposed Approach 
	Limitations 


	Conclusions 
	References

