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1. INTRODUCTION

Fifty-five years ago, the concept of fuzzy logic was introduced in [1]. Fuzzy logic was used as a part
of artificial intelligence which resembles human behaviour that helps computer in making decisions. In recent
years, the use of fuzzy logic techniques has increased significantly [2]. The emergence of fuzzy logic can be
seen in pattern recognition, controller design, economy management and decision making, communications
and networking, aerospace applications and also in engineering sectors. The researchers stated that there were
a great number of researchers that interested in dealing with fuzzy logic to solve real-world issues [3].
This may lead to the innovation and industrialization in technologies, such as air conditioners, washing
machine, antiskid braking systems and weather forecasting systems [4]. In 1974, the first study of fuzzy logic
was conducted by using a model of a steam engine [5]. The fuzzy logic enables designers to control complex
systems effectively because it was proven that proportional, integral and differential (PID) controllers were less
capable [6]-[8].

Today, the study of washing machine with fuzzy logic has gained attention among researchers. The
implementation fuzzy logic in the washing machine will provide many benefits to the users, such as time-saving,
low cost and it also results in better performance and productivity. This washing machine also promotes ‘one-touch
control’ to the users [9]. Therefore, the researchers conducted the research on how the input variables affect
the output variables by considering several factors of the variables. In 2013, a group of researchers introduced
the degree of dirt and type of dirt as input variables [10]. The authors described the concept of base ten minutes
to decide the best washing time based on the input variables. Next, the amount of dirt, type of dirt, sensitivity
of cloth and amount of cloth are studied to determine how these inputs will respond to different output
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variables [11]. Another studies presented the type of cloth, type of dirt and dirtiness of cloth as input
variables in determining the washing time [12].

Besides, the fuzzy logic controllers use a Mamdani type to observe how five inputs and outputs
variable responds to different conditions [13]. The input variables involved are type of dirt, turbidity of cloth,
mass of cloth, sensitivity of cloth and water hardness while the output variables are washing time, wash speed,
amount of water, amount of detergent and water hotness. In 2016, the fuzzy logic controller was designed for
washing machine by incorporating five input and three output variables [14]. A study on the washing time is
also done when the amount of grease and dirtiness of cloth is put in the washing machine [15]. A relationship
between four inputs and five outputs has been studied by other researchers [16].

Other than that, a study was carried out by presenting four input variables which are type of cloths,
dirtiness of cloths, amount of detergent and water [17]. This study proposed a neuro-fuzzy controller where the
controllers helped the system to take its own decisions. Wang and Ren [18] investigated another neural network
fuzzy control. Hatagar and Halase provided the input variables of turbidity and turbidity change rate, as well
as the output variable of washing time. Next, the spin time is studied as the output variable and the input
variables are types of dirt, dirtiness of cloths and mass of cloths [19]. The fuzzy logic controller can be used to
determine the washing speed when four inputs are considered [20]. Four input and output variables are studied
in [21], where the inputs are dirtiness of cloths, type of fabric, type of dirt and volume of cloths. Whilst the
outputs are water intake, water temperature, wash time and washing speed. Hence, to make the output of
washing machine more efficient, the washing time is necessary to define as well as the users can estimate the
total washing process. From the previous research, the authors used a few inputs related to the washing
machine, but it can be seen that not many papers use weight of load as an input parameter in their study.

Therefore, the main goal of this research is to present the fuzzy logic system for washing machine by
considering four input variables and one output variable. Different from the previous research, one new
parameter is considered, namely the weight of the load. The weight of the load is needed as the washer can
weigh the cloths before starting the washing process in order to determine the best washing time. By
considering the result of four input variables, we will make a time comparison with previous research. This
new parameter will produce new results to identify the best washing time.

2. METHOD

In this paper, a simulation package in MATLAB which is fuzzy logic toolbox is used. This toolbox
allows a few things to be done easily. Figure 1 shows the process of the fuzzy logic system [22]. Several
processes need to be considered before using a fuzzy logic toolbox. Fuzzy logic system is an alternative
approach to control the process that involved a complex work that not easy to study manually [23]. The first
step to build the fuzzy logic controller is to define the input and output variables. Since the boundaries of fuzzy
sets may be vague, thus, there are no rules in generating the variables [24]. From Figure 2, four input variables
are chosen, namely type of fabric, type of dirt, dirtiness of fabric and weight of load. As for the output variable,
it is clear that washing time is the main component in developing a washing machine.

Fuzzy rule base

Input Output
— Fuzzification Defuzzification

X

A 4

Fuzzy inference engine

Figure 1. Fuzzy logic system process

For each of the input and output variables, there exist a linguistic variable that allowed to take natural
language as its values [25]. There are 14 linguistic variables for input and output variables, namely: silk (S),
woolen (W), cotton (C), non-greasy (NG), medium (M), greasy (G), small (Sm), large (La), light (Li), heavy
(H), very short (VSh), short (Sh), long (Lo) and very long (VLo). The membership functions for each of the
input and output variables are shown in Figure 3.
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Figure 2. The input and output variables in fuzzy logic system
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Figure 3. The membership functions of the input and output variables

For type of fabric, it can be classified as silk, woolen and cotton. So, the user can choose from the
selector whether it is a heavy or normal task, depending on the type of fabric they have. As for dirtiness of
fabric, the sensor will determine it by looking the water transparency. The sensor also will detect the type of dirt
through the time saturation, where there is no change of wash water at certain time. Besides, the load sensor that
has been installed in washing machine will weigh the load placed by the user. To ensure the clothes are washed
thoroughly, the user can estimate the weight of load put into washing machine is less than the washer capacity.

The second step in fuzzy logic system is fuzzification. Fuzzification is the process involving the
transformation of crisp input into fuzzy input. The exact value of crisp inputs is measured by sensors in the
machine and passed to the controller for processing. Figure 4 represents the crisp input (see red line) and the
blue line represents the membership function of fuzzy input values for the input variables involved.
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Figure 4. An illustration of fuzzification process

Then, the third step is to develop a fuzzy rule-based on linguistic variables. A fuzzy rule base is a
collection of linguistic statement that explain how the fuzzy inference system decides by classifying the input
or controlling the output. Since we have the input and output variables, we then combine all the variables using
fuzzy IF-THEN rule. This rule can be obtained from the knowledge of experts. Table 1 shows fuzzy inference
rule and the total number of rules involved is 81.

Table 1. Fuzzy logic rules for washing machine
No of rules  Type of fabric  Type of dirt  Dirtiness of fabric  Weight of load  Washing time

1 S NG Sm Li VSh
2 S NG Sm M Sh
3 S NG Sm H M
4 S NG M Li Sh
5 S NG M M M
6 S NG M H M
7 S NG La Li M
81 C La La H VLo

The rules declared above are not crisp but have fuzzy values. Therefore, the fuzzy inputs need to be
converted into a single fuzzy output by employing fuzzy implication which is Mamdani inference engine. Then,
the AND operator is used to connect the fuzzy input variables for each of the rules. The function of this operator
is to take a minimum value of membership functions from the fuzzy input variables. The fuzzy output variable
is truncated using the value obtain from the input part. Thus, the entire truncated output is aggregated in one
graph by taking the maximum value of membership degree and this will be used in the last step of fuzzy logic
system.

The last step in fuzzy logic system is defuzzification process. Defuzzification is the process of converting
the fuzzy output into crisp output. In order to find the crisp output, the centroid method is used where this
method evaluates the center of area under the curve. The formula of this method is:

JyuG).yay

Centroidmethod = y *= fyp®dy "

)

3. RESULTS AND DISCUSSION

In this section, the relationship between the input and output variables are analysed by using fuzzy
logic system and the data will be run by fuzzy logic toolbox for the purpose of obtaining the washing time. In
order to obtain the washing time, the crisp inputs need to be chosen first. In this study, the chosen crisp inputs
for type of fabric, type of dirt, dirtiness of fabric and weight of load are 32, 55, 48 and 7, respectively. The crisp
inputs are imposed to the possible rules as shown in Figure 4. Then, the minimum value from fuzzy inputs is
truncated to fuzzy output for each of the rules. Figure 5 shows how the maximum value of fuzzy outputs is
aggerated in a single graph.
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Figure 5. An aggregation of output for four input variables

Based on Figure 5, the membership function is obtained as:

0.0733y — 0.8795,12.0 <y < 16.5
_)0.33,16.5 <y <525
Hainpues (V) = —0.0440y + 2.64,525 <y <60 ©)
0,otherwise

By substituting (2) into (1), the washing time is calculated as in (3). The time required to wash the clothes for
four input variables is 35.3 minutes. This answer coincides with the answer obtained from fuzzy logic toolbox.

J u@y). ydy
165 JuGdy 525 60
J,, (0.0733y —0.8795) ydy + [ 7 0.33ydy + [, .(—0.0440y + 2.64)ydy

_J12
J7°(0.0733y — 0.8795) dy + [+ 0.33dy + [ (~0.0440y + 2.64)dy
= 35.3minutes 3)

Washingtime =

12 16.5

Next, the study of four input variables is compared with three input variables where the weight of load
is excluded. Thus, the input variables involved are type of fabric, type of dirt and dirtiness of fabric. By using
the same steps as stated in section 2, the crisp inputs are applied to each input involved and imposed on the
possible rules. By considering the same process as in Figure 4, the minimum value of membership functions
from fuzzy input variables is truncated onto a fuzzy output variable. Hence, the maximum value from fuzzy
output is aggregated into one graph as shown in Figure 6.

As shown in (4), the membership functions for three input variables are obtained by extracting all the
information from Figure 6.

0.0647y — 0.7764,12.0 < y < 20.5
0.55,20.5 < y < 34.0
] -0.0667y +2.8179,34.0 < y < 35.5
Hainpus(Y) = 4045355 < y < 49.0 ' “)
—0.0409y + 2.454,49.0 < y < 60.0
0,otherwise

Referring to (4), the washing time for three input variables is 34.45 minutes and details of the calculation are
shown in (5).

Ju@).ydy

Washingtime =
J uGdy
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0.55ydy + [>>°
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12 20.5

Jro 0.45ydy + [,'(~0.0409y + 2.454)ydy

35.5

[2)2(0.0647y — 0.7764)dy + [ 0.55dy + [

12 34

Jrss 0.45dy + [1)(~0.0409y + 2.454)dy

35.5

(—0.0667y + 2.8179)ydy +

(—0.0667y + 2.8179)dy +

= 34.45minutes (5)

Thus, by comparing these two results, it can be concluded that there is a slightly difference in time
between these two studies. The comparison shows that there is a superior timing between four and three inputs
variable because the number of possible rules also varies. As the weight of the load is considered, the controller
can function smoothly and efficiently in ensuring that the clothes are washed properly. If we change the value
of the crisp input, then the result will also be different. To conclude this point, the washing time depends on
the crisp input value as all the rules involved need to be considered.
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Figure 6. An aggregation of output for three input variables

4. CONCLUSION

In this paper, the analysis clearly states the advantages of fuzzy logic in solving washing machine
problem. By adding some of the intelligence, the users do not have to worry about their washing process. Four
input variables were successfully studied in order to achieve optimal washing time. The result of four input
variables was compared with three input variables and there is a slight time difference between these two
studies. Therefore, the washing machine with four input variables can be classified as comparable controller
with human behaviour as the washed clothes becomes cleaner and the time taken is suitable in accordance with
the proposed input compared to washing machine with three inputs. It can be said that the washing machine
with fuzzy logic controller is a great combination of technology and intelligence. For future work, to make the
controller of washing machine works smoothly, more input variables can be implemented in washing machine
in order to estimate the best washing time. Other than that, for future research, the researchers can use another
method, namely the Sugeno method, to analyse the washing time and compare the result with existing research.
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