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Abstract

Nowadays, water heater is a common household appliance. Water heater can
be divided into three types, based on fuel sources: gas, diesel, and electric.
Electric water heater is the most common due to its ease of use. The problems
that often occur on electric water heater are over-temperature due to user error
in setting up the thermostat and inaccurate readings caused by a conventional
system control. These problems will cause a surge in power consumption.
Over-temperature and conventional control inaccuracies can be overcome
using the Artificial Intelligence (Al) control algorithm in the form of an adaptive
neuro-fuzzy inference system (ANFIS). The proposed algorithm acts as a
control by maintaining the stability of the temperature to obtain more accurate
results. An accurate temperature reading can lower power consumption in
electric water heater. This study tries to simulate Electric Water Heater
temperature control using the ANFIS algorithm until stable readings can be
achieved in all temperature settings. Results from disturbance tests in the form
of external condition that causes sudden temperature change show that the
system can maintain stability with an average error margin of 0.045% and the
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rate of accuracy of 99.955%.
1. Introduction

Water is one of the most important resources, especially in its use for personal hygiene. Comfort during bathing
can be achieved through regulation of water temperature. One of the mediums that is often used to regulate water
temperature is electric water heater (EWH). Temperature settings are dependent on the type of water heater. However,
the range of temperature deemed suitable for human body is between 33 degrees Celsius to 37 degrees Celsius[1]. In
some states such as Taiwan, USA and Europe which have subtropical climates, the temperature is right in the range of
38.5 degrees Celsius to 40.5 degrees Celsius[2]. Electric Water Heater (EWH) is a household appliance that typically
consumes a large portion of electricity, from 7.5% to 40% of total energy consumption in a house[3]. Conventional EWH
has a reservoir tank, in which water is stored. The temperature is set to a range suitable for usage and it also stores
cold water. Conventional control on EWH is the on-off switch. When the EWH is activated, room temperature water (the
lower threshold) in the tank will be heated. When water temperature has reached the upper threshold, then EWH will
switch off. The drawback of the reservoir with on-off system is its inability to maintain temperature stability and duration
in which desired temperature is achieved[4]. The temperature regulation on EWH is controlled by the thermostat. The
thermostat on conventional EWH is located at the bottom of the tank[5]. Most EWHs use analog thermostat, and
compared to the digital one, the analog system is less inaccurate because it does not indicate temperature changes
during the heating process[6]. In addition to analog EWH, some studies mention the use of a water heater through an
automatic faucet using several devices to control the temperature of the water in a bathtub. The resulting system
temperature accuracy is 97.6% with a long enough time to reach the temperature for 18 minutes 30 seconds. The
controlled temperature is 36 degrees Celsius to 40 degrees Celsius. Excessive temperature can cause problems for
the skin condition and health of the user[1].

The temperature system is non-linear and highly complex. Because of its non-linear nature, achieving high
accuracy is considered difficult[7]. Therefore, a design or model that can regulate the process well in accordance with
the feedback is needed. Generally, system performance depends on the accuracy of the model[8]. The system’s high
complexity demands quality control intelligence. Meanwhile, conventional control does not meet the requirements of
complex system control.

In non-linear systems and high-order, where the system has high uncertainty or variable time characteristics[9].
So, the conventional control with the ON-OFF method which requires limited assumptions cannot be used[10].

The complexity and non-linear properties are directly tied to the type of control being used. In response, artificial
intelligence (Al) techniques are introduced as a solution to these problems. The main theory of Al is fuzzy logic and
artificial neural network (ANN)[11]. Fuzzy logic has been designed and is successful in controlling non-linear systems.
In 1975, Mamdani designed the first fuzzy controller to control a steam engine. In 1985, Takagi and Sugeno introduced
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a new rule-based system for fuzzy modeling that can be applied to robotics and automotive control systems. On the
other hand, there are ANN controllers that are successful in controlling non-linear systems. Until 1993, Jang combined
Fuzzy TSK and ANN into a new architecture in the form of ANFIS, and was successfully implemented on many non-
linear systems[12]. Fuzzy logic is used to express uncertainty in the system’s expert. The problem of fuzzy control is
reduced to the acquisition of a collection of if-then rules that are correct and can be obtained from human expertise.
The ANFIS method is a combination of the network of artificial conditions and fuzzy logic. Artificial neural networks
(ANN) are useful in learning abilities and predicting, while fuzzy logic is useful in reasoning based on existing rules or
producing expert systems by itself[10]. To utilize the second function of these controls, ANFIS algorithms (Adaptive
Neuro-Fuzzy Inference System) is used to overcome the complexity control, the dynamics and the non-linearity
systems[11].

Based on the problems described above, this study will attempt to simulate a system that regulates and control
temperatures using ANFIS (Adaptive Neuro-Fuzzy Inference System). ANFIS control is useful for maintaining
temperature stability in electric water heater (EWH) system by utilizing its maximum specifications. The system is
equipped with modeling based on the relationship between stress and temperature, which forms a polynomial equation.
The magnitude of the gain and the time constant will affect how long the system reaches the temperature setpoint.
When the temperature has been reached, ANFIS works to maintain a stable output from the system so that the
temperature can also be stabilized. The output of the system is obtained from a direct current source which is increased
by a converter in the form of a sepic converter. The temperature response will be adjusted to the system output in the
form of a duty cycle for each setpoint.

2. Research Method

In this study, the ANFIS method is used to maintain the temperature according to the settings of the point where
the settings point that can be selected is between 33°C to 40.5°C. By utilizing the maximum specifications of an Electric
Water Heater, the temperature will reach the settings of the point quickly and guarded the stability through the Duty
Cycle settings on Sepic Converter.
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Figure 1. Overall System Temperature Control Electric Water Heater

This study explains the water heating system through the Electric Water Heater with a maximum power of 60 volt
1100 watts. The system is made as a medium for personal hygiene using warm water. The recommended temperature
is between 33°C to 40.5°C. With this provision, a water heating system is made with a temperature setpoint 33°C, 34°C,
35°C, 36°C, 37°C, 38.5°C, 39.5°C and 40.5°C with an initial temperature of 29.6°C. Overall system Electric water heater
temperature control can be seen in Figure 1.

The supply is used in the form of a lead-acid battery type with a capacity of 24V/35 AH where the full charge
battery condition is 28.8 volts. Then the source voltage will be increased using a Sepic Converter up to 60 V to maximize
the performance of the Electric Water Heater. Duty Cycle will be arranged until the heater can reach the desired setpoint.
When the temperature has been reached, ANFIS as control will automatically stabilize the output of Sepic Converter so
that the temperature remains stable.
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Figure 2. Flowchart System

There is a concept of 4 processes in the electric water heater system, namely the selection of water temperature,
heating process, water temperature detection, and maintaining water temperature stability after reaching the point
settings. The system is used by 8 temperature point settings, including 33°C, 34°C, 35°C, 36°C, 37°C, 38.5°C, 39.5°C
and 40.5°C. The flowchart Temperature System is shown in Figure 2. The initial process is the selection of temperatures
according to the desired point settings. Then proceed with the heating process with the maximum capacity of the electric
water heater of 60 Volt 1100 watts with an initial temperature of 29.6°C. During the heating process, the temperature
will continue to increase, allowing overheating. To prevent overheating, the algorithm is used in the form of an Adaptive
Neuro-Fuzzy Inference System (ANFIS). ANFIS will work by detecting water temperature, where the algorithm will keep
the temperature stability according to the setpoint through the Duty Cycle settings. Each setting point has a different
Duty Cycle value, which is a temperature of 33°C will be stable at Duty Cycle 17.1%, a temperature of 34°C will be
stable on Duty Cycle 19.01%, a temperature of 35°C will be stable at Duty Cycle 20.58%, Temperature 36°C will be
stable on the Duty Cycle 22.19%, 37°C temperature will be stable at Duty Cycle 23.59%, 38.5°C temperature will be
stable at Duty Cycle 25.78%, 39.5°C temperature will be stable at Duty Cycle 27.42%, and 40.5°C temperature will be
stable at Duty Cycle 31.23%. That way, the five selected point settings can be maintained stability until the heating
process is complete.

2.1 DS18B20 Sensor Response to Electric Water Heater Performance

The DS18B20 sensor is the first temperature sensor to support the "First Line Bus" interface produced by Dallas
Semiconductor. The advantages of the sensor are easy configurations, high performance, and miniaturization, which
can directly change the temperature into serial data signals[13]. The DS18B20 operating temperature is in the range of
-50 ° C to 125 ° C with an accuracy of +0.1%[14]. In the system, the temperature sensor functions by sensing the
amount of temperature produced. Data from the sensing data will form a curve and equation. Through the equation, the
relationship will be obtained between the input and output of a system.

To express the relationship, there is a mathematical calculation model called the transfer function. The transfer
function is a depiction of a time-invariant system of complex variables. In engineering, the transfer function functions
well in terms of control through the mathematical modeling function of the device output for each potential input[15].

We can define the transfer function H(s) with the continuous-time signal input x(t) and Output y(t), where t is a
time invarie[16]. Function transfer representation is shown in Figure 3.
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Figure 3. Block Representation of Transfer Function[16]

In the Laplace Integral Domain Time Function f(t) is expressed into the complex function F(s), called the Laplace
transformation. The transfer function on the Laplace transformation is expressed in Equation 1 below.

Y
H(s) = % ®

The equation output is obtained from the response of the DS18B20 temperature sensor to the performance of
the electric water heater. The amount of data output is expressed through the relationship between temperature and
voltage. To get this data, EWH is given input in the form of a voltage source with varying numbers. This is done to
determine the temperature value of achieving steady conditions at several input voltage steps. As a result, the
temperature is not linear during the increase in voltage so that the resulting polynomial equation y = 7E-05x* - 0.0064x3
+0.1763x%2 - 0.6868x + 32.675. The graph is shown in Figure 4.
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Figure 4. The Temperature Response to the Voltage
The equation that has been obtained will be connected to the transfer function as the response of each set point

to the value and time of steady achievement. The transfer function model in a non-linear system requires feedback
control, where in this system a step response method is made using the following Equation 2 [10].

G(s) = —— @
()= o1

Where K is the gain, T is the time constant, and 7 is the time delay. The following Table 1 shows the gain and
settling time at each setting point [10].

Table 1. Gain and Time Set Point Temperature

Tem?o(—:‘cr;:lture Gain Time (s)
33 1.007 66.84
34 0.996 77.4
35 1.0036 83.64
36 0.99 89.04
37 0.988 98.64
38.5 1.0024 100.23
39.5 0.998 103.42
40.5 1.003 105.38
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2.2 Sepic Converter Modelling

A Sepic converter or single-tip primary inductance converter is a DC-DC converter that is decreasing voltage.
The positive input voltage can be increased and lowered by the converter with the results of constant positive voltage
output. Sepic converter in this system serves for both, namely raising and reducing the voltage. The increasing function
works when the initial conditions of the system in the heating process to the temperature point settings. While the
function decreases work when the temperature settings are maintained stable[17].

Some types of converters can work by raising and lowering the voltage. Examples such as converter conventional
buck-boost conventional, flyback converter, cuk converter, and sepic converter[18]. How it works from Sepic Converter
similar to the Buck-Boost Converter. The difference is, that the input voltage and output on the SEPIC Converter have
the same polarity. Meanwhile, the Buck-Boost Converter between the input voltage and output has a reverse
polarity[19]. The advantage of the Sepic Converter is that it requires a smaller cost than the buck-boost converter and
reduces the ripple content in the system[20]. Topology Sepic Converter includes components such as Power Switch
(MOSFET), two inductors, two capacitors, and a diode[21].

le Cy i('t ip

+ 11 +
g -
1

Ll
Ik
+ VL

t

Figure 5. Topology of Sepic Converter[22]

Sepic Converter as DC-DC Converter can be used in two modes, namely switches on and switches off. The
switch on the switch occurred when the inductor 1 saves energy, so the number of energy is the same as the source.
Then the energy stored by the capacitor 1 will be channeled to the inductor 2. So capacitor 1 experiences discharge
and inductor 2 start the charging process. Finally, the voltage contained in the capacitor 2 will be channeled to the load.
In this mode diode in reverse conditions.

Whereas in the switch-off mode, the energy stored in inductor 1 will flow to the capacitor 1. Because the diode is
in forwarding conditions, the energy stored in inductor 2 will flow to the capacitor 2 through the diode[23]. Sepic converter
topology can be seen in Figure 5. Sepic converters will be designed by raising the input voltage from the source by 28.8
volts to the 60 Volt Electric Water Heater capacity. The following is the equation of the Sepic Converter. The formula
for the calculation of the Sepic Converter design is presented in Equation 3, Equation 4 dan Equation 5.

D
Vo=1—p Vin 3)
_ Vin X D 4
Al X fs
C= Yo x D 5
"R X AV, X f; ®)
Note
v, = Output Voltage
Vin = Input Voltage
D = Duty Cycle
L = Induktor
C = Capacitor
AV, = Ripple Voltage
Al = Ripple Current
fs = Switching Frequency

Sepic converter parameters can be determined with the provisions of system requirements. The components in
it can be calculated by the equation above. Table 2 presents the sepic converter parameter data to be used.
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Table 2. Sepic Converter Parameter Design

Parameter Value
Frequency Switching 100 kHz
Input Voltage 28.8 Volt
Output Voltage 60 Volt
Inductor (L1 and Lz2) 57.88 uH
Capacitor (C1) 3877.315 pF
Capacitor (C2) 2326.39 uF
Current Ripple 20%
Voltage Ripple 0.1%

2.3 Design of ANFIS Controller

When in the system there is data that has considerable properties of uncertainty, it is necessary to control with
intelligent control in the form of artificial intelligence. One of the artificial intelligence that can be used and is the best
choice is Adaptive Neuro-Fuzzy Inference System([24]. Adaptive Neuro-Fuzzy Inference System (ANFIS) is an adaptive
network class that is functionally equivalent to the Fuzzy Inference System. ANFIS control model in the form of TSK
(Takagi Sugeno) which has the simplicity of calculations[25]. This control utilizes fuzzy capabilities in reasoning and
neural networks in learning[26]. The Association of Fuzzy IF-THEN rules is used to expand the architecture of
ANFIS[27]. The Equation 6 and Equation 7 is stated as follows.

If xisAlandyis Blthen f1 = plx + qly + rl (6)
If xisA2and yis B2then f2 = p2x + q2y + r2 (7)

Where x and y are crisp input. While Al and Bl are linguistic variables[27].
In the Neuro-Fuzzy system, there are 5 layers of process, namely Membership Function, Rules Layer, Normalized
Firing Strength, Deffuzification, and Addition[28].
1. Layer 1 (Membership Function)
Each node in this layer is an adaptive node function to node[28]. This layer represents the Fuzzy membership
function as a node function with adaptive parameters[29].

0i,1 = pA, (x1)fori = 1,2 (8)
0i,1 = pB; , (y)fori = 3,4 (9)

x and y are input from the node. Then Al and Bl are linguistic labels that show low and high. Whereas for 0i,1
and 0i-2,1 is a certain degree of membership to x and y.
2. Layer 2 (Rules Layer)

This layer serves to set the node using the T-NORM PROD operator. This layer is integrated with layer 1 by
multiplying all signals that are in and then the results are sent to the next layer. Each node has a rule. The output of this
layer is called weighting[29].

0i,2 = wi = Ai(x) X Bi(y)fori =1,2 (10)

3. Layer 3 (Normalized firing strength)
The node on this layer is fixed with a normalized degree of membership. So, this node is an output ratio with
the previous node[28].

wi

0i,3 = w; = fori = 1,2,3,4

Zi—l Wi (11)

4. Layer 4 (Deffuzification)
In this layer, each node is an adaptive node to the node function. The node on this layer is adaptive[29].

0i,4 = Wlfl = Wi(pix-i_ ql’y+ ) (12)
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5. Layer 5 (Addition)
This layer is the sum of all inputs or integration of the previous 4 layers[29].

Liwifi
0i,5 = w 13
lf Zl Wl ( )
START
T B
/ Load Training /
AMFIS Testin
T g
Define Input and Cutpui 'l'
$ ANFIS Performance parameter
Generate FIS using Grid
Partitioning (Choose the number
of MF's, the type of MF's and the Modify
Optimization) MF's Does error more than 10742
v YES
ANFIS Training
END
@
Figure 6. Flowchart ANFIS
Membership function plots TSI 181
ML MM NS ZE Ps PM PL
1
50 40 30 20 10 0 10 20 30 40 50
inout vadable "amor”
Figure 7. Error Membership Function of ANFIS
Membership function plots et points: 181
ML MM MS ZE PS PM PL
1
100 80 60 40 20 0 20 40 60 80 100
input varable "demror”

Figure 8. Delta Error Membership Function of ANFIS

Cite: I. Sudiharto, F. Dwi Murdianto, A. Budikarso, and P. Taufika, “High Accuracy Electric Water Heater using Adaptive Neuro-Fuzzy Inference
System (ANFIS)”, KINETIK, vol. 7, no. 3, Aug. 2022. https://doi.org/10.22219/kinetik.v7i3.1453


https://doi.org/10.22219/kinetik.v7i3.1453

280 Kinetik: Game Technology, Information System, Computer Network, Computing, Electronics, and Control

Membership function plots *°! 2= 181

mizs

output variable "output®

Figure 9. Output Membership Function of ANFIS

ANFIS control consists of load training data to the resulting error value. Data sets are divided into 2, forms training
and testing. Generate FIS occurs after the grouping of data. 2 methods can be used in the process of training and
testing ANFIS, namely grid partitioning and subtractive clustering. Grid partitioning is considered to have better
performance[30]. Before the training process, the type of type and number of membership functions. For training, ANFIS
is used Back Propagation and Hybrid (Back Propagation Algorithm with Least Squares). The process can be seen in
Figure 6.

In this study, the Triangular (TRIMF) type was used with the number of 7x7 (49 output) membership functions.
There are 2 inputs in the form of errors and delta errors with output in the form of duty cycles such as Figure 7 and
Figure 8. Each membership function has a particular range that has been set in such a way that the control is formed
with 49 outputs as shown in Figure 9.

3. Results and Discussion

The temperature system is simulated using the 2016B MATLAB software by presenting a temperature sensor
response to the converter output voltage. The relationship between temperature and voltage produces a polynomial
equation. Then the equation forms a transfer function that expresses the temperature in each setpoint. The circuit made
includes sources in the form of 24V/35 AH batteries, sepic converters, loads in the form of resistors that have been
adjusted to the electrical water heater resistance value, as well as control in the form of ANFIS. A series of simulations
of the overall system is presented in Figure 10.
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The output of the SEPIC Converter will be connected with a function block in the form of modeling related to the
relationship between temperature and the voltage that forms the polynomial equation y = 7E-05x* - 0.0064x3 + 0.1763x2
- 0.6868x + 32.675. Through the modeling the function will be made as a form of temperature sensor response to each
setpoint with a ratio of 1: 1000 to speed up the simulation process.

ANFIS controls function to stabilize the output of the SEPIC converter so that the temperature of the setpoint will
be achieved quickly with the initial condition in the form of a maximum load capacity. Figure 11 shows the comparison

of the simulation results of the fuzzy logic controller and ANFIS controller against the 8 specified temperatures with an
initial temperature of 29.6°C.
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Figure 11. Comparison of Temperature Simulation Results with Fuzzy Logic Controller and ANFIS Controller at Set
Points (a) Temperature 33°C, (b) Temperature 34°C, (c) Temperature 35°C, (d) Temperature 36°C, (e) Temperature
37°C, (f) Temperature 38.5°C, (g) Temperature 39.5°C and (h) Temperature 40.5°C.

Based on the simulation results with a time ratio of 1:1000, it can be seen that there is a significant difference in
steady time between systems with fuzzy logic control and ANFIS. From Figure 11, two curve lines are formed on each
graph, namely the dotted line shows the setting point, the square dotted line shows the fuzzy logic control while the
straight line shows the results of ANFIS control over the 8 temperature set points. In fuzzy logic control, achieving the
fastest setting point takes up to 1.88 minutes, while in systems equipped with ANFIS control, achieving a stable
temperature setting point only takes 0.75 minutes at a temperature of 33°C. However, the rise time and the percentage
of overshoot of the two controls are not much different, where the speed to reach the set point will affect the overshoot.
This happens because the initial condition of the duty cycle is set large enough to accelerate the achievement of the
set point. After that, the control will work for temperature stability.

The comparison graph of the performance of the system with fuzzy control and ANFIS shows that the control can
reach steady state in a relatively fast time. As shown in Figure 11, the length of time it takes for the control to reach
steady state depends on the duration of the desired setpoint temperature. To determine the reliability of fuzzy and
ANFIS in control, performance testing was carried out by adding disturbances to natural conditions when the
temperature was controlled at steady conditions. To clarify the temperature value used, a cluster is made to determine
the minimum and maximum limits for water temperature conditions.

Table 3. Cluster Water Temperature for Bathing
Temperature cluster

°C) Temperature range (°C)
Normal +27°C
Warm 33°C -37°C
Warmer 38.5°C - 40.5°C

(for subtropical country)
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Table 3 shows the classification of temperature within a certain range. There are 3 clusters of water temperature
for bathing, namely normal, warm dan warmer water temperatures (tropical and subtropical country). Based on the
water temperature cluster, simulated temperature control was added with disruption to natural conditions at 29°C, 28°C,
and 26.8°C which is still classified as a normal water temperature cluster. A comparison of the performance of Fuzzy
control and ANFIS control with disturbance is presented in Figure 12. The graph obtained will clarify the speed at which

a steady value is achieved.
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Figure 12. Test the Reliability of Temperature Control Using Fuzzy Logic and ANFIS with Natural Conditions
29°C, 28°C, and 26.8°C on Setting Points (a) Temperature 33°C, (b) Temperature 34°C, (c) Temperature 35°C,
(d) Temperature 36°C and (e) Temperature 37°C, (f) Temperature 38.5°C, (g) Temperature 39.5°C, (h) Temperature
40.5°C.

From Figure 12 it can be seen that the reliability test on the electric water heater system using Fuzzy control and
ANFIS with a time ratio of 1:1000 still works well, which can maintain temperature stability after being disturbed in the
form of natural conditions of 29°C, 28°C, and 26.8°C. Disturbance is set at the same time on all set points. Based on
the simulation results, after the disturbance, the steady-state achievement time is 1.67 minutes. However, in fuzzy
control there are still transient conditions when the initial disturbance is given at temperatures of 34°C, 35°C, 36°C, and
37°C with a disturbance time of 0.2 s. Meanwhile, at temperatures of 38.5°C, 39.5°C and 40.5°C, both Fuzzy Logic and
ANFIS are stable on average after the third disturbance, which is 0.6 s. The electric water heater system which is

© 2022 The Authors. Published by Universitas Muhammadiyah Malang
This is an open access article under the CC BY SA license. (https://creativecommons.org/licenses/by-sa/4.0/)


https://creativecommons.org/licenses/by-sa/4.0/

Kinetik: Game Technology, Information System, Computer Network, Computing, Electronics, and Control 287

controlled using Fuzzy and ANFIS can return the setting point precisely and quickly through the duty cycle setting. The
equation to get the error value is shown in Equation 14.

setpoint — disturbance test result

E %) = 14
rror (%) setpoint (14)
1. Temperature = 33°C 5. Temperature = 37°C
Error(%) = —— = 0,06% Error(%) = =2 = 0.054%
2. Temperature = 34°C 6. Temperature = 38.5°C
Error(%) = —— = 0.059% Error(%) = % = 0.026%
3. Temperature = 35°C 7. Temperature = 39.5°C
Error(%) = % =0.057% Error(%) = 3953;% =0.025%
4. Temperature = 36°C 8. Temperature = 40.5°C
36—36.02 40.5—-40.51
Error(%) = =0.055 Error(%) = s - 0.025%
0.06 + 0.059 + 0.057 + 0.055 + 0.054 + 0.026 + 0.025 + 0.025
Average Error = = 0.045%

8

After getting the error value, it can be calculated the accuracy value shown in Equation 15.

Accuracy(%) = 100% Average Error (15)
Accuracy(%) = 100% 0.045% = 99.955%

From the above equation, the percentage of ANFIS temperature control accuracy is 99.955%. In another research
mentioned 5 temperature setpoints from 36°C to 40°C with an average accuracy of 97.6%][1]. From this it can be seen
that the presence of ANFIS control makes the system more reliable by increasing accuracy and minimizing errors that
occur.

4. Conclusion

The temperature system uses an algorithm in the form of an Adaptive Neuro-Fuzzy Inference System (ANFIS)
that aims to maintain the stability of the temperature so as not to exceed the specified setpoint. The simulation results
that have been done indicate that the control can maintain temperature stability with the fastest time of 0.75 minutes at
a setpoint of 33°C. The comparison between Fuzzy logic and ANFIS control performance can be seen when the steady-
state is reached, where ANFIS is 1.13 minutes faster at 33°C. To see control can work optimally, a disturbance test is
carried out by adding temperature disorders from outside suddenly when the temperature is controlled shows steady.
From the simulation, it can be seen that ANFIS continues to work optimally by restoring the stability of the temperature
after the disturbance occurs. At 8 different settings, the existence of these disturbances results in a control accuracy of
99.955%.
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