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Introduction  

Artificial intelligence is a form of technology that has been widely used in various fields of human life, including 

agriculture. Fuzzy logic is one approach in artificial intelligence that is used to solve ambiguous problems [1][2]. 

Fuzzy logic is developed based on the human reasoning system [2]. This characteristic makes fuzzy logic suitable to 

deal with problems that contain uncertainty using the true-false concept or 1 and 0 in the Boolean number system. 

[2][3]. Fuzzy logic is applied in the form of a fuzzy logic system that has an architecture as illustrated in the Figure 

1[4]. 

 

Figure 1. Fuzzy Logic System Architecture 
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Abstract  
The representation of the fuzzy set membership curve consisting of trapezoidal, triangular, and linear shapes, has an important 

role in the fuzzy logic system. The selection of the curve's shapes determines the useable membership function and affects the 

fuzzy output value. Previous studies generally used curves that had been employed in predecessors or other studies that did not 

explain the reason for choosing a fuzzy member curve. This condition became problem because there was not a guide in 

selecting the appropriate membership function model for the parameters used in the fuzzy process so that most researchers only 

use membership functions that are commonly used in previous studies or in the same case as their research. The purpose of this 

study was to determine the effect of selecting trapezoidal and triangular curves on the performance of Tsukamoto's fuzzy logic 

for determining the rice-fields suitability status. The research methodology comprised 3 main stages. The first stage was data 

collecting, to collect soil pH values, soil moisture, and air temperature in rice fields. The second stage was the implementation 

of the Tsukamoto fuzzy. At this stage, two membership function curves were used. The third stage was a comparative analysis 

of Tsukamoto's fuzzy's output of trapezoidal and triangular curves. The results obtained indicate that there is no significant 

performance difference between the two different membership functions. The results of the research with the trapezoidal 

membership function have a better accuracy rate of 93% while the triangular membership function has an accuracy rate of 

90%.. 
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The fuzzy logic system as illustrated in Figure 1 comprises of 4 sub system, Fuzzification, Inference Engine, 

Fuzzy Rule Base dan Defuzzification [4]. Fuzzification is the process of changing the input value in the form of a 

firm value (Crisp) into a fuzzy value [5]. The fuzzy value from fuzzification then used as input data for the inference 

engine sub-system to produce fuzzy output. The inference engine sub-system works based on rules compiled into a 

fuzzy-based rule. The fuzzy output from the inference engine is processed in the defuzzification sub-system to 

produce system output [3][4][6]. 

In the inference engine subsystem, fuzzy input processing begins with assigning the membership function [3]. 

The membership function is a curve showing the mapping of data input points into their membership values which 

have an interval between 0 to 1[7]. Some membership functions that can be used are linear representations, 

triangular curves, trapezoidal curves, shoulder shape curves, S (Sigmoid) curves, π curves and so on [8]. Each of 

these membership functions has different characteristics which are formulated in the form of a mathematical 

equation. In fuzzy logic theory, the role of the membership function as a determinant of the existence of elements in 

a set is very important. If the system uses membership functions that are not well defined, consequently the system 

cannot function properly, therefore these functions must be defined carefully.  

The problem that occurs at this time is that the unavailability guide of selecting the appropriate membership 

function model for the parameters used in the fuzzy process. Most researchers only use membership functions that 

are commonly used in previous studies or in the similar case of their research. Several literatures have developed 

specific fuzzy applications for certain cases [9][10], yet they do not explain the details of the running process, 

namely about setting of the most appropriate membership function. The literatures that discuss the influence of the 

membership function in the fuzzy inference process have been carried out in research [11][12][13][14]. These 

studies use the Mamdani fuzzy inference type and fuzzy logic in general, but have not discussed the influence of the 

membership function in the fuzzy logic inference process, so a deeper study is needed. The description of the 

previous research is the basis for this research aiming to determine the effect of the Tsukamoto fuzzy membership 

function. The Tsukamoto fuzzy membership function, the focus of this research, is applied to determine the 

feasibility status of irrigated rice fields 

Method  

Research methodology comprised of three main stages as shown in Figure 1. The first stage was data 

collecting. This research uses 4 data, soil pH, moisture, temperature dan the feasibility status of irrigated rice fields. 

 

Figure 1. Research Methodology 
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 The three values from soil pH, moisture, and temperature were used as crisp input. These values were collected 
from censors that build into device called AGRIMON [15]. Data was collected from rice field situated in Jogotirtio 
village, on Berbah District, Sleman-Yogyakarta[16]. The second stage was the implementation of fuzzy Tsukamoto. 
This stage began with fuzzification. The fuzzification process started with assigning membership function with 2 
curves representation, trapezium, and triangular curve. Each curve representation, using 3 input variables and 1 output 
variable. Table 1 shows the formulation of the input variable. 

Table 1. Variabel Input  

Variable Name Association Member Domain 

pH 

Strongly Acid < 5,0 

Acid 4,0 – 6,0 

Neutral 5,0 – 7,5 

Slightly Alkaline 6,5 – 8,5 

Strongly Alkaline >7,5 

Moisture 

Very Dry < 31,5 

Dry 20 – 43 

Moist 32 – 95 

Wet >85 

Temperature 

Very Cold 16 – 22 

Cold 20 – 25 

Warm 23 – 30 

Hot 28 – 34 

Very Hot 32 – 37 

 

The input variables shown in Table 1, used to determine the feasibility status of irrigated rice fields that consist of 
three members set as shown in Table 2. 

Table 2. Variable Output 

Variable Members Set 

Feasibility 

Status 

S3: Medium Appropriate 

S2: Quite Appropriate 

S1: Very Suitable 

 

The fuzzification process was continued by generating the fuzzy rules according to the purpose of applying the 
Tsukamoto fuzzy, that was determining the feasibility status of irrigated rice fields. The output rules for feasibility 
status of irrigated rice fields was determined from the lowest class of each input class. The reference for determining 
feasibility status of irrigated rice fields obtained from the Regulation of the Minister of Agriculture No. 79 year 
2013[17]. 

The rules formed were used for the inference engine process so that 2 groups of fuzzy output were obtained for 
the representation of trapezoidal and triangular curves. The function that used was MIN function, by choosing the 
minimum value from the rule output. Both groups of fuzzy output were processed in defuzzification to produce crisp 
output. The third stage was a comparative analysis of the 2 groups of crisp outputs to determine the best membership 
function. The best membership function was chosen based on the affirmation value calculated using the Weighted 
Average affirmation formula as in equation (1) [18]. 

 

  
                               

                       
   (1) 
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Results and Discussion  

A. Fuzzification 

The fuzzification process from three input variables (soil pH, soil moisture, temperature) was started by 

assigning trapezoidal and triangular curves to each input variables. Figure 2 shown the results of fuzzification from 

soil pH with both representation curves. 

  
(a) (b) 

Figure 2. Soil pH Fuzzification 

(a) Trapezoidal Curve (b) Triangular Curve  

The fuzzification result for soil moisture input variable with four categories (very dry, dry, moist, wet) shown in 

Figure 3 

  
(a) (b) 

Figure 3. Soil Moisture Fuzzification 

(a) Trapezoidal Curve (b) Triangular Curve  

The fuzzification result for temperature input variable with five categories (very cold, cold, warm, hot, very hot) 

shown in Figure 4. 

  
(a) (b) 

 

Figure 4. Temperature Fuzzification 

(a) Trapezoidal Curve  (b) Triangular Curve 

The fuzzification results from all three input variables with both trapezoidal and triangular curves were used as 

the basis to determine the membership function value (μ(x)) based on curves that have been used before. The 

calculating example of membership function value for each curve shown in Table 3 with soil pH value of 5.17, soil 

moisture of 78% and temperature of 25
o
C. 
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Table 3. Linguistic Value Representation of Input Data 

Input Data Value Trapezoidal Curve Triangular Curve 

Soil pH 5,17      (    )    

        (    )       

     (    )       

        (    )       

Soil Moisture 78%       (  )          (  )       

Temperature 25o C      (  )         (  )       

  

B. Fuzzy Rule Base 

The fuzzy rule generating was conducted based on the regulation of the Minister of Agriculture no. 79 of 2013. 

Table 4 shows the results fuzzy rules. 

Table 4. The Feasibility Status of Irrigated Rice Fields Fuzzy Rules 

No Rules 

[R1] IF ph Very Acid AND Soil Moisture Very Dry AND Temperature is Very Cold THEN Medium Appropriate 

[R2] IF ph Very Acid AND Soil Moisture Very Dry AND Temperature is Cold THEN Medium Appropriate 

[R3] IF ph Very Acid AND Soil Moisture Very Dry AND Temperature is Warm THEN Medium Appropriate 

[R4] IF ph Very Acid AND Soil Moisture Very Dry AND Temperature is Hot THEN Medium Appropriate 

[R5] IF ph Very Acid AND Soil Moisture Very Dry AND Temperature is Very Hot THEN Medium Appropriate 

[R6] IF ph Very Acid AND Soil Moisture Dry AND Temperature is Very Cold THEN Medium Appropriate 

[R7] IF ph Very Acid AND Soil Moisture Dry AND Temperature is Cold THEN Medium Appropriate 

[R8] IF ph Very Acid AND Soil Moisture Dry AND Temperature is warm THEN Medium Appropriate 

[R9] IF ph Very Acid AND Soil Moisture Dry AND Temperature is Hot THEN Medium Appropriate 

[R10] IF ph Very Acid AND Soil Moisture Dry AND Temperature is Very Hot THEN Medium Appropriate 

… …………………………………………………………………………………………………… 

[R100] IF ph Alkaline AND Soil Moisture Wet AND Temperature is Very Hot THEN Medium Appropriate 

 

C. Inference Engine 

The inference engine stage was conducted by calculating the Z value for each member of the output variable 

set consisting of the Feasibility Status of Irrigated Rice Fields. The following is an example of calculating the Z 

value for rule number 13 [R13] and rule number 33 [R33] with two curve representations. 

 

1. Trapezoidal Curve 

 [R13] IF pH Very Acid and Soil Moisture Moist and Temperature was Warm meaning Quite 
Appropriate 

                                      

      (          (    )         (  )        (  )) 

      (     ) 

    

Calculating z1 value for membership Quite Appropriate  

     
    

 
    

      
    

 
    

           

Because there were more than one z1 values, then we used MAX function to get the maximum value of 
z1 

       (       )     (     ) 
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 [R33] IF pH Neutral and Soil Moisture Moist and Temperature was Warm meaning Very Suitable 

                                    

      (        (    )          (  )       (  )) 

      (        ) 

       

Calculating z2 value for membership Very Suitable  

    
 
    

 
      

     
 
    

 
      

                

Because there were more than one z2 values, then we used MAX function to get the maximum value 
of z2 

        (       ) 

      (          ) 

        

 

2. Triangular Curve 

 [R13] IF pH Very Acid and Soil Moisture Moist and Temperature was Warm meaning Quite 
Appropriate 

                                      

      (          (    )         (  )        (  )) 

      (              ) 

       

Calculating z1 value for membership Quite Appropriate  

     
    

 
       

      
    

 
       

               
 

Because there were more than one z1 values, then we used MAX function to get the maximum value of 
z1 

        (       ) 

      (         ) 

       

 

 [R33] IF pH Neutral and Soil Moisture Moist and Temperature was Warm meaning Very Suitable 

                                    

      (        (    )          (  )       (  )) 

      (              ) 
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Calculating z2 value for membership Very Suitable  

    
 
    

 
       

     
 
    

 
       

               

Because there were more than one z2 values, then we used MAX function to get the maximum value 
of z2 

        (       ) 

      (         ) 

       

 

D. Defuzzification 

Defuzzification process was conducted by converting the fuzzy output from inference engine into crisp values 

according to membership set of the feasibility status of irrigated rice filed. The defuzzification process was 

conducted twice, each for trapezoidal and triangular curve. Example below shown the calculating of defuzzification 

values: 

1. Trapezoidal curve 

  
 
(    )  (          )

      
 

        

Because the z value is 17.48, then the feasibility status of irrigated rice field is belonged to S2 (very 
suitable) 

 

2. Triangular Curve 

  
 
(         )  (         )

         
 

        

Because the z value is 19.77, then the feasibility status of irrigated rice field is belonged to S2 (very 
suitable) 

 

E. Comparative Analysis 

The comparative analysis in this research was conducted by comparing the Tsukamoto fuzzy’s output from 
trapezoidal and triangular curve with the feasibility status of irrigated rice field that came from manual calculating 
process (without Tsukamoto’s fuzzy logic). The numbers of data that used were 30 rice field data. Table 5 shown the 
comparation results. 

Tabel 5. Comparation Results 

No 

Criteria Values Class Output 

pH Moisture Temperature 
Without 
Fuzzy 

Trapezoidal Accuracy Triangular Accuracy 

1 5,17 78 % 25 S2 S2 1 S2 1 

2 3,37 87 % 26 S3 S3 1 S3 1 

3 4,96 90 % 28 S2 S2 1 S3 0 

4 2,33 88 % 28 S3 S3 1 S3 1 

5 5,24 90 % 29 S2 S2 1 S2 1 

6 2,6 89 % 28 S3 S3 1 S3 1 

7 1,77 83 % 28 S3 S3 1 S3 1 

8 2,05 85 % 28 S3 S3 1 S3 1 
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No 

Criteria Values Class Output 

pH Moisture Temperature 
Without 
Fuzzy 

Trapezoidal Accuracy Triangular Accuracy 

… … … … … … … … … 

30 1,01 88 26 S3 S3 1 S3 1 

S1 = Very Suitable ; S2 = Quite Appropriate; S3 = Medium Appropriate 
The accuracy values from Table 3 had 2 values, one (1) and zero (0). The 1 value means that fuzzy output with 

trapezoidal and triangular curve have same value with manual calculating process. On the other hand, the 0 value 
means that fuzzy output with trapezoidal and triangular curve have different value with manual calculating process. 
The accuracy level in percentage for each trapezoidal and triangular curves was calculated as shown below. 

                     
(    )

  
               

                   
(    )

  
            

 
From accuracy values above, we conclude that trapezoidal curve has better accuracy than triangular curve by 93.33% 
compared to 90%. 

Conclusion  

Based on the analysis, design and test results of the trapezoidal membership function and the triangular 

membership function in determining the suitability class of irrigated paddy fields, the following conclusions were 

obtained: (1) The use of the same parameters for the trapezoidal membership function and the triangular 

membership function did not produce a significant difference in the output of the suitability class for irrigated paddy 

fields. (2) The results of the comparison of the application of the membership function show that the trapezoidal 

membership function provided a better accuracy rate (93.33%), compared to the accuracy of the triangular 

membership function (90%). 
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