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ABSTRACT: Uncertainties and inaccuracies in the membership function value ranges defined by the expert in 

dynamic systems cause serious errors in system output. In this study, the fuzzy α-cutting technique was used to 

determine the ranges of membership functions on the universal cluster and neighborhood values of normal values 

were calculated for different α cutting coefficients and then neighborhood values were adjusted according to 

determined step values. Thus, while determining the value range of membership function in dynamic systems, it 

will be possible to talk about its neighborhood in the values that serve the same purpose. Operation in the dynamic 

process as wind power installation for Turkey wind energy interval value set in the potential atlas used and α 

cutting techniques of the gap on the universal set of the determined value with re-calculation and determination 

are provided. 

Keywords: Dynamic systems, α - Cutting technique, Fuzzy cluster, Membership function. 

1. INTRODUCTION

The concept of the fuzzy cluster was proposed by Zadeh in his classic article in 1962. Fuzzy 

sets and fuzzy logic provide methods and tools for accurate and precise data analysis and 

processing [1]. Fuzzy logic also has certain limits, and these limits vary depending on the 

situation. What distinguishes it from classical logic is that these limits are more 

flexible.  Thanks to this flexibility, fuzzy logic gives much more sensitive results in every field 

it is applied [2]. Although the membership function value range is flexible, it is mostly 

determined based on the experience of the expert. 

In fuzzy modeling, the correct determination of membership functions is of primary importance 

for the success of the model. It is possible to encounter many approaches in the literature about 

the selection of membership functions [3-15]. The fact that the value ranges that are close to 

the value determined in the approaches to determine the membership function value range also 

affects the system and has caused the need to be evaluated in the system at their neglected 

values. 

https://dergipark.org.tr/tr/pub/naturengs
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The method used for this need is the Fuzzy alpha cutting (FAC) technique. It is used to describe 

the uncertainty or error in the parameters of the FAC fuzzy set theory. Relations in the method 

can be extended to include fuzzy arguments.  This principle can be used analytically in simple 

arithmetic operations. It is also used to perform arithmetic analysis at intervals [16]. 

Figure 1. Fuzzy number support and cut 

The membership function is truncated horizontally from a limited number of  levels from 0 to 

1, as in Figure 1. The model is run to determine the minimum and maximum possible values of 

the output for each level of the parameter. This information is used to create the corresponding 

fuzziness of the outputs used as a measure of uncertainty [16]. 

The study, which required the installation of wind turbines wind speed, power density and 

capacity Electrical Power Resources Survey and Development Administration for 

meteorological parameters consisting of factors and the General Directorate of Meteorology 

Turkey wind energy potential atlas prepared by (REPA) with a range of over universal set of 

specified values It is provided to calculate and determine with α - cutting technique. 

In the article, firstly, mathematical equations that form the basis of α - cutting technique 

application are presented, then α - cutting technique application is applied to membership 

functions determined by expert experience. Finally, the new membership function value ranges 

are shown in the findings section. 

2. MATERIAL AND METHODS

2.1. Mathematical Infrastructure and Used Equations 

Mathematically, the fuzzy cluster is the assignment of a value that indicates the degree of 

membership to any entity in the discourse universe. The purpose of the fuzzy sets theory is to 

determine the degree of membership in the concepts to determine the uncertainty, which is 

difficult to define or difficult to define. 

In classical set theory, an object is either an element of that set or not. Partial membership is 

not possible. If the object's membership value is 1, it is the element of the set, and 0 is not the 

element. In fuzzy sets, an object is an element that determines a certain level of membership. 
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Generally, the curve that changes according to the values of the elements of the set is called the 

membership function. In other words, the related characteristic function that has a value 

between [0,1] created by the fuzzy set is the membership function. Accordingly, the 

membership level is the value of the change between 0 and 1 for each item. The fuzzy cluster 

theory developed by Zadeh assigns each object to some extent as a membership in a particular 

cluster [17]. 

Definition 2.1: If  𝐴 = [𝑎1, 𝑎3] is in the value range, the membership function )(xA can be 

shown as in equation 1. 
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Definition 2.2: The relation used for the )(xA triangle membership function is given in 

equation 2 and equation 3. 































3

32

23

3

21

12

1

1

,0

,

,

,0

)(

ax

axa
aa

xa

axa
aa

ax

ax

xA
(2) 

A∆ = max (min (
x−x1

xT−x1
,

x2−x

x2−xT
) , 0)      (3) 

Definition 2.3: According to equation 2, set, 𝐴 = {𝑎1, 𝑎2, 𝑎3} is defined. a2 is considered a

regular value membership. It is stated here that, depending on a  coefficient, it will have the 

same meaning as a2 value at values close to a2. In other words, the uncertainty in a2 can be 

tolerated with a   coefficient to be determined. The specified neighborhood relationship is 

shown in Figure 2. 

Figure 2. Neighborhood of numbers 

Definition 2.4: In fuzzy logic applications, α value is defined as the cutting coefficient. The 

numbers 𝑎1
 α  and 𝑎3

 α   are the lower and upper limit values of the values assumed to have the

same meaning as the a2 value. 𝑎1
 α  and 𝑎3

 α values can be found with the help of equations 4 and

5.
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a1
α−a1

a2−a1
= α      (4) 

𝑎3−𝑎3
𝛼

𝑎3−𝑎2
= 𝛼 (5) 

Definition 2.5: For ∀αϵ [0,1] from Equations 4 and 5, the  𝐴𝛼 = [𝑎1
𝛼 , 𝑎3

𝛼] value range can be

defined. The values of  𝑎1
 α and  𝑎3

 α can be calculated as in equations 6 and 7.

𝑎1
𝛼 = 𝛼(𝑎2 − 𝑎1) + 𝑎1  (6) 

𝑎3
𝛼 = 𝑎3 − (𝑎3 − 𝑎2)𝛼 (7) 

Artificial neural networks, intuition, genetic algorithm, angled fuzzy cluster, and inference 

fuzzy logic are among the methods used to determine membership functions [18]. Membership 

functions used in fuzzy logic applications are trapezoid, triangle, Gaussian, S membership 

function, Π membership function and bell curve membership functions [19]. 

2.2.  α-Cutting Technique Application 

In the study, the ranges of the membership functions prepared for the meteorological parameters 

that are planned to be used as input values in the installation of wind energy turbines on the 

universal cluster Meteorology General and Renewable Energy Office Headquarters located in 

Turkey wind atlas of Figure 3 is derived from five different topographical 50 m wind potential 

ranges of values are determined based on the height. 

Figure 3. Turkey wind energy potential atlas [20]. 

In the study Matlab program designed meteorolojik_fuzz In the system, average wind speed 

X1, average power density X2 and capacity factor X3 introduction despite the values Y1 

produces an output value. 
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Meteorological based parameters It is assessed meteorolojik_fuzzy fuzzy logic model in Figure 

4, each used membership function Figure 3 for with the help of identified ranges and linguistic 

Variables Figure 5, Figure 6 and In Figure 7 It is shown. 

Figure 4. Meteorological fuzzy 

Figure 5. Average wind speed 

Figure 6. Average power density 
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Figure 7. Capacity factor 

When the wind speed and direction data obtained from the measurement stations and the power 

density and capacity factor values calculated through these data are examined, it is observed 

that there are serious accumulations above and below the specified membership function 

intervals. 

While determining the value ranges of the membership function, the values close to these value 

ranges are considered to be statistically insignificant. Therefore, the correct values for the 

system designed by considering these accumulations determine our It is desired to calculate a 

flexible value range that will provide.  For this, recalculation and determination of membership 

function value range prepared based on wind potential atlas with fuzzy α cutting technique will 

be provided. 

In the sample mathematical calculation for the first value range of the average wind speed 

membership function in study 3  the normal value was selected and the following triangular 

membership function was created in the fuzzy set (0 3 4,5). 
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In this function, 01 a , 32 a and 5,43 a are accepted and the following formulas are 

obtained for the neighborhood of 3 normal values. 

 .31 a       (9) 

 .5,15,43 a      (10) 

The neighborhood values of the normal values of the intervals of the average wind speed 

membership function for different α cutting coefficients were calculated with the help of 

formulas 9 and 10. In the calculation, the neighborhoods obtained for the different α cutting 

coefficients and the neighborhoods corrected according to the step value being 0.025 are shown 

in Table 1. 
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Table 1. Average wind speed membership function intervals calculated for different α cutting coefficients 

The average power density for different α cut-off coefficients was calculated with the help of 

the 9th and 10th formulas of the normal values of the ranges of the membership function. 

In the calculation, the neighborhoods obtained for the different α cutting coefficients and the 

neighborhoods corrected according to the step value of 1.25 are shown in Table 2. 

Table 2. Power density membership function ranges calculated for different α cutting coefficients 

The neighborhood values of the normal values of the ranges of the capacity factor membership 

function for different α cutting coefficients were calculated with the help of formulas 9 and 10. 

In the calculation, the neighborhoods obtained for the different α cutting coefficients and the 

neighborhoods corrected according to the step value of 0.25 are shown in Table 3. 
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Table 3. Capacity factor membership function ranges calculated for different α cut coefficients 

3. RESULTS AND DISCUSSION

When the wind speed and direction data obtained from the measurement stations and the power 

density and capacity factor values calculated through these data are examined, it is observed 

that there are serious accumulations in some value ranges. Although these accumulations have 

a similar effect in the decision process, the determined value ranges in the applications do not 

include them in the decision process. 

In the studies made on the data obtained in the study, the α coefficient that best represents the 

accumulation level was determined as 0.91. As a result of the calculations, the average wind 

speed, average power density and the capacity factor and membership function structure and 

value ranges of the capacity factor are given in Figure 8, Figure 9 and Figure 10, respectively. 

Figure 8. Average wind speed membership function defined by α cutting coefficient 
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Figure 9. Average power density membership function defined by α cutting coefficient 

Figure 10. Capacity factor membership function defined by α cutting coefficient 

4. CONCLUSIONS

In this study, the normal value neighborhoods for different α cutting coefficients and corrected 

neighborhoods for the determining step values were calculated in the wind turbine installation 

model determined as a dynamic process. According to the width of the accumulation around 

the membership functions value ranges defined for the meteorological parameters in the wind 

turbine model designed using these calculated tables, the appropriate α cut-off coefficient has 

been selected and thus, the most suitable value ranges have been calculated for the system 

designed by considering these accumulations. 

As a result of the calculations, the membership functions of the average wind speed, average 

power density and capacity factor determined as the input value are given in Figure 11, Figure 

12 and Figure 13, respectively. 
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Figure 11. Calculated average wind speed 

Figure 12. Calculated average power density 

Figure 13. Calculated capacity factor 

In the study, the values that serve the same purpose with the redefined membership functions 

were entered into the system. The findings obtained as a result of the application are intended 

to form a scale that will be based on the studies to be carried out for the wind power plant 

installation problem. 
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