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Abstract 

The late detection of wildfires are harmful to the forest and human properties. It 

necessitates huge assets to control the fire. These huge losses can be avoided by 

receiving timely warning and with instant retort system. This study ponders a network 

with multiple Wireless Sensor Networks (WSNs) arbitrarily placed all over the forest for 

rapid detection of fire. In this context, a multi-sensor data fusion using interval type-2 

fuzzy interface system (IT2FIS) for wildfire detection has been proposed, where every 

sensor nodule is equipped with different sensors such as temperature, humidity, light, 

and gas sensors. These multiple sensors deliver surplus data regarding the 

environmental condition. These multiple sensor signals have been handled and fused 

using IT2FIS. The proposed data fusion enhances the consistency and exactness of the 

information by diminishing the false alarm rate. 
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1. Introduction 

All Wildfires are the leading ruckus in the vegetation areas of forests worldwide, and 

it instigating physical, biological, and ecological concerns. Besides, wildfires create 

negative impacts regardless of whether they are happened naturally. Recently, it has been 

reported that more than 87,000 wildfires were occurred in Brazil in the first eight months 

of the year 2019, this is the highest number since 2010. It was 49,000 in the same period 

in the year 2018. National Aeronautics and Space Administration (NASA) of United 

States provides the recordings from its satellite sensors to the National Institute for Space 

Research (INPE), Brazil, it indicates that the year 2019 had been the most wildfire 

happened year for almost a decade [1]. It results with harmful effects. In such situations, 

rapid detection of wildfire leads to an effectual control of the fire. It can be achieved by 

modeling an appropriate alarm system for rapid detection of wildfire using WSNs. 

Recent advancements in nanotechnology have enforced led to use WSNs for wildfire 

detection. Wildfire scrutiny system with WSNs involving two order sensor nodules and 

data sinks has been presented using low power 16-bit microcontroller [2]. Temperature, 

humidity and light sensors have been employed where the facets of lifespan, power 

sovereignty and garnering are not considered. A single nodule network with temperature, 

humidity and CO2 sensors that tracks the permissible verges on observed strictures and 

animatedly regulates the frequency of recording has been presented [3]. In order to 
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extent the network lifespan, a smart sleep solution has been decided as contrasting to 

explore energy reaping methods. A combined central and standard sensor nodules has 

been proposed [4]. The information from temperature, humidity, gas and rain sensors 

have been taken on central nodules. A network poised of sensor nodules which transmit 

data back to a base station for ensuing upload to a server for user access has been 

presented to collect the information such as temperature, humidity and atmospheric 

pressure [5]. On the other hand, owing to the effect of intrusion aspects, the exactness 

and consistency of the system may not attain the obligation. Hence, multiple evaluations 

might be an approach to improve the performance of the system [6, 7]. Consequently, 

this study developed a wildfire detection system using IT2FIS for multisensory data 

fusion. 

 

2. Modeling of wildfire detection system 

For an accurate wildfire detection, data from in-wild sensors or out-of-wild sensors are 

required. In this study, temperature, humidity, smoke sensors (in-wild) and light sensors 

(out-of-wild) are employed. Figure 1 depicts the placement of the sensors in the wild. 

 

Figure 1. Placement of the sensors in wild 

 

Figure 2. Configuration of the information fusion 

Previously, conventional fuzzy soft clustering and artificial immune systems have 

been employed for sensor fusion [8, 9]. The structure of wildfire detection system with 

multi-sensor data fusion using IT2FIS has been illustrated in Figure 2. Initially, the 
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cumulative sum method has been deployed to fuse data from in-wild sensors and 

allocating a probability of wildfire incidence to each of them. Further, the probability 

values of wildfire from previous stage have been merged with the data received from 

light sensors using fuzzy logic system [10]. The proposed method has the benefit of 

prompt wildfire detection by neglecting the false alarm. The descriptions about the in-

wild and out-of-wild sensors have been presented as follows. 

2.1. Temperature sensor 

A vital aspect accompanied with wildfire is the rise in temperature. DHT-11 (Digital 

Humidity Temperature Sensor) has been employed to identify the increment in 

temperature in the bound of 0- 50°C with the precision of ±2°C. Figure 3 illustrate the 

DHT-11 sensor. The probability of wildfire cannot be estimated using temperature alone. 

Henceforth, humidity and smoke sensors are also required to enhance the wildfire 

probability. 

2.2. Humidity sensor 

During wildfire, the air will get dry and results with decreased humidity. The DHT-11 

sensor has been deployed to evaluate the humidity in the bound of 20-90% RH with the 

exactness of ±5% RH. 

 

Figure 3. DHT-11 sensor 

2.3. Gas and smoke sensor 

Smoke sensors play a vital role in wildfire detection. MQ-2 sensor has been illustrated 

in Figure 4. It is subtle for incendiary and ignitable gases. When the gas reaches the 

sensor, initially it has been ionized into its components and riveted by the sensor. It 

forms a potential difference on it which has been sent to the processor via output pin as 

current. Figure 4 represents MQ-2 sensor. 

 

Figure 4. MQ-2 sensor 

2.4. Uvtron Flame Detector 

Flame sensor has been employed to identify the incidence of fire. The circuit diagram 

of hamamatsu type R2868 flame sensor connected with C3704 kit has been shown in 
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Figure 5. It can able to detect UV light in the range 185-260 nm. High Voltage DC to DC 

converter boosts the 5 V to 350 V DC for actuating the sensor. Signal processing circuit 

controls the inward pulses from the sensor and retorted by the C3704 a pulse width of 10 

ms. This pulse couples the output capacitor to create an extensive period. 

 

 

Figure 5. Circuit of Uvtron flame detector 

3. Design of interval type-2 fuzzy logic system (IT2FIS) 

 
IT2FIS [11] is described by a fuzzy membership function (MF) for every element 

and it is in a fuzzy set [0, 1]. The MF of the input will not be a single value. Input value 

has primary membership values within the bound [lower µ, upper µ]. A weight has been 

assigned for every point of the interval. Subsequently, it will form a distribution in the 

third dimension to create a secondary MF, if it is equivalent to 1 for every points in the 

primary MF then ∀x∈ X. The MFs of IT2FIS have three dimensions and a Footprint of 

Uncertainty (FOU). Its fuzzy set Ã is described by a type 2 MF µÃ(x, u) where x ∈ X and 

u ∈ Jx ⊆ [0, 1], 

       1,0,,,,,
~

~  xA
JuXxuxuxA      (1) 

where 0 ≤ µÃ(x, u) ≤ 1. Ã can also be stated as  
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where ∫∫ represents merger over all permissible x and u. For instance, when fx(u) = 1, ∀u 

∈ Jx ⊆ [0,1], then the secondary MFs are interval arrays, and if this is factual for ∀ x∈ X. 

Secondary MFs reveal an even ambiguity at the primary MFs of x. As each MFs in an 

interval set are zero, an interval set is signified by its field interval with left and right 

end-points as [l, r].  

The two end-points are related with two Type 1 MFs as Upper MF (UMF) and Lower 

MF (LMF). The UMF and LMF are bounds for the FOU (Ã) of an IT2 fuzzy set Ã. The 

UMF is linked with the upper bound of FOU (Ã) and it has been represented as µÃ(x), 

∀x∈ X. The LMF is related with the lower bound of FOU ( A
~

) and is represented 

by )(A , ∀x ∈ X. The fuzzy set Ã can be represented as 
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The structure of IT2FIS has been illustrated in Figure 6. 

 

Figure 6. Structure of IT2FIS 

For distinct universes of treatise X and U, the IT2 fuzzy set Ã can be expressed as  
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For distinct universes of treatise X and U, T1 set 
j
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4. Simulation results 
IT2FIS toolbox has been modeled using MATLAB [12]. It does not limit the number 

of input or output.  

4.1. Fuzzification 

The methodology of converting crisp values into fuzzy linguistic variables is known 

as fuzzification. MFs are employed to subordinate a rank for every linguistic variable. 

The number of MFs and their initial values have been selected depending upon route gen 

and instinct. A MF lies between 0 and 1. The number of MF can differ to offer the 

availed solution. When the number of input MFs increases, the number of rules will 

increase. 

In this study, temperature, humidity, smoke and light intensity are the input fuzzy 

variables and the fire probability is the output variable. The structure of proposed 

wildfire detection system has been shown in Figure 7. The MFs LOW, MEDIUM and 

HIGH have been fixed as input variables and VERY LOW, LOW, MEDIUM, HIGH and 

VERY HIGH have been fixed as output variables. Figures 8 and 9 show the membership 
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graph for input variable “Temperature” and the output variable “Fire Probability”. The 

fuzzy sets LOW, MEDIUM and HIGH have been demarcated as trapezoidal, triangular, 

and trapezoidal membership functions respectively. 

 

Figure 7. Structure of IT2FIS wildfire detection system 

 

Figure 8. Membership function of input variable “Temperature” 
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Figure 9. Membership function of output variable “Fire Probability” 

 

Figure 10. Rules of IT2FIS 

4.2. Fuzzy Inference System 

It entails fuzzy rules (IF antecedent THEN resultant) that are developed by system 

input-output knowledge. Gaussian, triangle, and trapezoid functions are the frequently 

used MFs. Triangular and trapezoidal-shaped MFs are employed for the variables to ease 

the evaluations. The rule base system imitates human reasoning. The universally used 

fuzzy inference system is Mamdani method. The rule base drives the inference system to 

create fuzzy outputs, which are defuzzified to get system output.  

In this study, 4 input variables with 3 individual fuzzy linguistic variables are availed. 

So, 34 = 81 rules are involved. They are the probable blends of the input variables. Some 

of the rules availed in the rule based system are given as follow 

if Temperature is LOW and humidity is HIGH and light intensity is LOW and CO is 

LOW then Fire probability is LOW. 

if Temperature is MEDIUM and humidity is LOW and light intensity is HIGH and CO is 

HIGH then Fire probability is HIGH. 

if Temperature is HIGH and humidity is LOW and light intensity is HIGH and CO is 

HIGH then Fire probability is VERYHIGH. 

Figure 11 demonstrates the control surface of a wildfire probability. Table 1 presents the 

sample output of fire probability. 
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Figure 11. Control surface view of a fire probability 

Table 1. Sample output of fire probability 

Temperature  

(ºC) 

Humidity 

(%) 

Carbon 

Monoxide 

(ppm) 

Light 

intensity 

(Lux) 

Fire 

probability 

(%) 

21 19 58 110 29.45 

37 32 75 320 48.23 

27 23 47 98 32.79 

29 68 98 605 45.10 

76 15 51 710 98.37 

 

4.3. Defuzzification 

The conversion from a fuzzy set to a crisp number is known as defuzzification. 

Among the several defuzzification methods, maximum membership and centroid 

techniques have been utilized. In this study, centroid method has been employed using 

the following formula. 
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         (7) 

where μA(z) is the membership function of set A. 

4.4. Experimental Results 

The experimental setup for the proposed work has been illustrated in Figure 12. The 

experimental setup has been made with the DHT-11 sensor, MQ-2 sensor, R2868 flame 
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sensors, Telit compact Global System for Mobile communication (GSM) module and 

Global Positioning Systems (GPS) using Arduino Uno processor (ATmega328P).  

 

Figure 12. Experimental setup for the proposed work 

During wildfire, one or more sensors have sent the signals to the Arduino Uno 

processor. The Arduino Uno processor is connected with the operator through GSM. The 

alert SMS is sent to the operator with GPS details. 

 

7. Conclusion 

In this study, IT2FIS based data fusion has been implemented to detect wildfire with 

multiple sensors. The proposed method not only confirms the accuracy, but also it 

enhances the acumen of the monitoring system. More precise, valuable and ample data 

can be received by locating sensors around wild. The rules modeled by the proposed 

method can be attuned and altered drew on the environmental strictures. Simulation 

results reveal the performance of the proposed method and it is better than the 

conventional wildfire detection method with single sensor. Moreover, the proposed 

system does not have any complex gas boards and specific devices to connect with the 

network to data bases while wildfire detection. In future, the authors would like to 

include several perceptions to the wildfire detection system such as sensor density and 

influence of wind velocity. 
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