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Abstract. Generally, the applications of power electronic are widely applied in the industrial, 

household, renewable energy fields, etc. Fuzzy Logic Controller is considered as an effective 

support control in the application because this implementation is very useful. Fuzzy Logic 

Controller is more reliable when compared to conventional control systems. This paper provides 

a Fuzzy Logic Controller based control method to identify the transformation of the membership 

function curve by using the dsPIC30F4012 microcontroller. In the implementation, the different 

membership function curves are adopted to obtain the maximum power output. The fuzzification 

process is needed to convert numerical numbers into fuzzy numbers. The other process is also 

required to convert the result of fuzzification process, it is called defuzzification process. To 

obtain the control system performance, the rule is defined in the rule base matrix. The 

experimental results were done to verify the analysis of Fuzzy Logic Controller.  

1.  Introduction 

The digital control that based on power electronics dominates the application of modern technology and 

renewable energy. There are many applications that use this control, involves Uninterruptible Power 

Supply (UPS), motor speed controller, solar panel, fuel cell, and others. However, in real practice most 

application produces DC voltage source. Therefore, a control series to convert DC voltage into AC 

voltage in converter is needed. Commonly, several controllers often used such as Proportional-Integral 

(PI) and Proportional-Integral-Differential (PID). The controller requires a precise and accurate 

mathematic model [1][2]. But now, many researches combine these controllers with Fuzzy Logic 

Controller to get the better result. 
It becomes the reason that the development of fuzzy logic thfieory was important to get the expected 

control. The implementation of Fuzzy Logic Controller has many advantages, this control could give fast 
responses, good performances [3], simple execution, more reliable than conventional control system, and 
overcome the nonlinearity [4][5][6]. Therefore, the developers use this controller as a system stabilizer 
[7][8] that can operate optimally [9]. In this project, Fuzzy Logic Controller is implemented on a single-
phase inverter using dsPIC30F4012 microcontroller. The experiment was done by looking of the 
differences membership function curve to obtain maximum output. Required calculation of the 
difference in the value of the errors and the correct derivative errors to get the maximum output response. 
Fuzzy Logic Controller using microcontrollers can work in real-time and practically [10]. 

This research implemented a fuzzy logic-based control method with different membership function 
curves. The first curve is used error variables (error min/2 = -2; error max/2 = 2) and derivative errors 
(derivative error min/2 = -4; derivative error max/2 = 4). The second curve is used error variables (error 
min/2 = -3; error max/2 = 3) and derivative errors (derivative error min/2 = -6; derivative error max/2 = 
6). The third curve is used error variables (error min/2 = -1; error max/2 = 1) and derivative errors 
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(derivative min/2 = -2; derivative max/2 = 2). The experimental results were done to verify the analysis. 
The output signals are shown in this paper.   

2.  Fuzzy Logic Controller 

The Fuzzy Logic Controller is implemented in a single-phase inverter. The implementation of this 

control is beneficial to solve the nonlinearity between the input and the output voltage that were not 

appropriate. This research is used as a closed-loop control system that described in figure 1. The output 

voltage in the inverter is controlled to follow the reference voltage. The reference voltage is generated 

by AFG (Audio Function Generator). Then, the switching of duty cycle in the inverter are adjusted by 

the Fuzzy Logic Controller system. 
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Figure 1. Block diagram of control structure. 

Fuzzy Logic Controller system has a functional block diagram consist of fuzzification, rule base, 

inference, and defuzzification processes. The Fuzzy Logic Controller input signal represents an error 

signal that produced by the difference between the reference voltage and the actual output voltage. 

Fuzzification (fuzzier) is a process transforming real numbers into fuzzy numbers. Fuzzy logic system 

consists of linguistic variables and fuzzy variables. The linguistic variable involves the error and 

derivate error value of the input voltage. Meanwhile, fuzzy variable includes the sets of error X 

(negative), error Z (zero), and error Y (positive) [1]. The value of derivative error is the error value that 

compared to the previous error value. The fuzzy logic system has a membership function as the 

illustration fuzzy logic control is shown in figure 2, which refers to the memberships functioning curve. 

In the curve, there are two membership values derived from error and derivative error. 

Error min

2
0

1

0

1

0

0

1

0

NEGATIVE (X) ZERO (Z) POSITIVE (Y)

Error min

2

Error max

2

Error max

2
Error min

2
Error min

2

Error max

2

Error max

2

Error min

2

Error min

2

Error max

2
0 Error max

2
 

Figure 2. Membership function curves. 

In the fuzzy logic controller, there are basic rules that have been determined to process the input 

generated by the fuzzification process. The basic rules (IF-THEN) are called the rule base that was 

discussed in the relationship between input and output [11]. In the fuzzification process, each produces 

three error and derivative error values contained in the fuzzy variable. The basic rules (IF-THEN) 

obtained amount to nine rules presented in the following table: 
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Table 1. Rule base. 

IF THEN 

Error Derivative error Output 

Negative Negative Negative 

Zero Negative Positive 

Positive Negative Positive 

Negative Zero Negative 

Zero Zero Zero 

Positive Zero Positive 

Negative Positive Negative 

Zero Positive Negative 

Positive Positive Positive 

The nine rules that have been obtained that shown in table 1. It converted into the matrix form presented 

in figure 3. 

 

Figure 3. Rule base matrix ordo 3x3. 

Based on the matrix structure that determined in figure 3, the inference process is continued to 

determine the output value. The inference is a process in determining the value of X, Z, and Y which is 

composed to control output values that have the same properties [6]. Based on figure 3, the inference 

negative output is as follows: 

 8741 ,,, XXXXOutputX   (1) 

In zero inference has only one matrix, the inference output is as bellow 

 5ZOutputZ   (2) 

The positive inference output has an output value matrix is as bellow 

 9632 ,,, YYYYOutputY   (3) 

In the inference process, the output is still a fuzzy number. The defuzzification process is needed to 

convert these fuzzy numbers into real numbers. So, the numbers can be applied to the system. The 

defuzzification is the reversed process of the fuzzification [1][4]. The method was used in the 

defuzzification process is the fuzzy centroid method. This method can determine the specific output 

value [12] in considering rules because it uses arithmetic [13]. 

 











 %*100%

OutputXOutputZOutputY

OutputXOutputY
Output  (4) 

In equation (1) until (4) X output is represented negative, Z output is represented zero, and Y output is 

represented positive. 
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3.  Results and Discussion 

The proposed method that implemented on the prototype using a single-phase inverter. A block diagram 

schematic of Fuzzy Logic Control implementation is shown in figure 4. The power supply injected the 

voltage on dsPIC30F4012 microcontroller and optocoupler driver to isolate the signal and set a 

switching time. 
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Figure 4. A block diagram scheme of the FLC implementation. 

The prototype used an SK20GB123 IGBT, the dsPIC30F4012 microcontroller, the power supply, 

an 11.2ΩJ load resistor, and a 6 mH inductor are shown in figure 5. A function generator was used as a 

reference voltage and a current sensor as an actual output voltage. In this experiment, the absolute value 

of the voltage error is 4 Volt and the absolute value of the voltage error derivative is 8 Volt/s.  

 
Figure 5. The prototype of FLC implementation. 

 

Table 2. Fuzzy Logic Controller (#1). 

Parameters 

Error Derivative Error 

Min = -2 Min = -4 

Max = 2 Max = 4 
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Table 3. Fuzzy Logic Controller (#2). 

Parameters 

Error Derivative Error 

 Min = -3 Min = -6 

Max = 3 Max = 6 

 

Table 4. Fuzzy Logic Controller (#3). 

Parameters 

Error Derivative Error 

Min = -1 Min = -2 

Max = 1 Max = 2 

 

 The parameters of the error values can be seen in Table 2 until Table 4. In Table 2, the parameter 

values used are able to produce good tracking abilities. In Table 3, the parameter value used has an error 

value which has a wide error value difference. In Table 4, the parameter value used have an error value 

which has a narrow error value difference. The results of experiments on the three conditions above can 

be seen in figure 7 until figure 13. The difference in error values should not be too wide and narrow, 

the proper values in error are required to obtain better tracking capability. 

The experimental result of the FLC implementation on the prototype is shown in figure 6 until 13. 

The blue signal (A) represented the reference voltage. The red signal (B) represented the actual voltage. 

Both signals are shown in figure 6. The response of the output voltage to the input voltage on the first 

membership function curve (#1) with error values (-2; 2) and derivative errors (-4; 4) are shown in 

figure 7 and 8. In this curve, the output voltage goes to the input voltage does not change based on rules. 

The experimental results on the curve (#1) shown in figure 8, shows produce an output signal voltage 

response that approaches the reference signal waveform during the tracking process. This response 

produces a good signal tracking capability and maximum output voltage response. 

 
Figure 6. Experimental result of the prototype (A) Reference voltage and (B) Actual voltage. 
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Figure 7. Membership function (#1) curve, (A) Error and (B) Derivative Error. 
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Figure 8. Experimental results of error (-2; 2) and derivative error (-4; 4). 

 Experimental result of the second membership function curve (#2) shown in figure 9 and 10 with 

error values (-3; 3) and derivative errors (-6; 6). In the membership function curve (#2) of this 

experiment using a wide difference in errors and derivative errors values. The results of this test cause 

response of the output signal voltage when tracking does not approach the reference signal as shown in 

figure 10. The response of the output voltage signal has decreased significantly and the exit signal 

becomes less than optimal. 
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Figure 9. Membership function (#2) curve, (A) Error and (B) Derivative Error. 

 

 
Figure 10. Experimental results of error (-3; 3) and derivative error (-6; 6). 

 Experimental result of the third membership function (#3) is shown in figure 11 and 12 with error 

values (-1; 1) and derivative errors (-2; 2). In the membership function curve (#3) of this experiment 

carried out using a narrow difference in the value of errors and derivative errors shown in figure 12. In 

a narrow curve, the response of the output signal voltage is almost close to the reference signal, but the 

waveform when tracking is not optimal. Output signal voltage response has decreased slightly and the 

results are less than the maximum as in the curve (#2). 

-8 -4 0 4 8

X Z Y

DERIVATIVE ERROR

100%

0

-6 -2 2 6-4 -2 0 2 4

X Z Y

ERROR

100%

0

-3 -1 1 3

(A) (B)
 

Figure 11. Membership function (#3) curve, (A) Error and (B) Derivative Error. 
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Figure 12. Experimental results of error (-1; 1) and derivative error (-2; 2). 

 The response of the output voltage to the input voltage changes on the rule base are shown in figure 

9 until 12. The actual output voltage has shifted at the reference voltage. In figure 7 and 8, it appears 

that the difference of the experimental results of (#1) are following the reference and have better 

tracking capability than the membership function curves (#2) and (#3).  

 

 
Figure 13. Experimental result of (A) Membership function (#1) curve, (B) Membership function 

(#2) curve, and (C) Membership function (#3) curve. 

 The difference in membership function curves (#1), (#2), and (#3) are shown in figure 13. The signal 

(A) is an experimental result on the membership function (#1) curve with errors (-2; 2) and derivative 

errors (-4; 4), signal (B) is an experimental result on the membership function (#2) curve with errors (-

3; 3) and derivative errors (-6; 6), and signal (C) is an experimental result on the Membership function 

(#3) curve with errors (-1; 1) and derivative errors (-2; 2). 

 In the membership function curve (#1) with the exact difference in the value of errors (-2; 2) and 

derivative errors (-4; 4) the output signal voltage wave was generated at the time of maximum tracking. 

In the membership function curve (# 2) with wide differences in the value of errors (-3; 3) and derivative 

errors (-6; 6) produce non-optimal output signal voltage waveforms when tracking. In the membership 

function curve (#3) with a narrow difference in the value of errors (-1; 1) and derivative errors (-2; 2). 

The results of the output signal waveform during tracking are not optimal. 

4.  Conclusion 

The proposed Fuzzy Logic Controller implementation based on dsPIC30F4012 microcontroller is use 

different membership function curves. Those were three curves are compared to obtain the signal that 

can reach optimally to the reference signal. In the membership function curve (#1) it produces the proper 

output voltage signal wave that approaches the reference signal waveform. In the second membership 

function curve (#2) that is too wide, causes the output signal voltage waveform with the reference signal 

waveform is less than the maximum value. On the third membership function curve (#3) is too narrow, 

causes the result in the output voltage signal waveform with the reference signal waveform is less than 

maximum. The proposed method is used in three different membership function curves. The first 

membership function (#1) is better than the second (#2) and third membership function (#3) curves. 

Because the error variables and derivative errors difference in the output voltage signal waveform are 

approach the reference signal waveform. The results indicate that the Fuzzy Logic Controller has an 

optimal response and good tracking capability. This proposed method can still be developed using a 

higher order fuzzy logic controller in future works. 

  



The 8th Engineering International Conference 2019

Journal of Physics: Conference Series 1444 (2020) 012033

IOP Publishing

doi:10.1088/1742-6596/1444/1/012033

8

References 

[1] C. P. E. Lyon, “Design and Analysis of Fuzzy Logic Based Robust,” pp. 777–780, 2011 

[2] R. M. Hilloowala and A. M. Sharaf, “A Rule-Based Fuzzy Logic Controller for a PWM Inverter 

in a Stand Alone Wind Energy Conversion Scheme,” IEEE Trans. Ind. Appl., vol. 32, no. 1, 

pp. 57–65, 1996 

[3] E. C. Chang and J. M. Guerrero, “Fuzzy Variable Structure Control for PWM Inverters,” IEEE 

Int. Conf. Fuzzy Syst., pp. 609–613, 2011 

[4] T. H. E. B. Ald, E. A. I. N. A. Rizona, J. S. Canaca, and J. G. Koloszar, “Fuzzy Variable Structure 

Control Strategy For Stable Nonliniear Dynamic System,” no. July, pp. 942–947, 2006. 

[5] V. S. C. Raviraj and P. C. Sen, “Comparative Study of Proportional-Integral, Sliding Mode, and 

Fuzzy Logic Controllers for Power Converters,” IEEE Trans. Ind. Appl., vol. 33, no. 2, pp. 

518–524, 1997 

[6] S. Premrudeepreechacharn and T. Poapornsawan, “FUZZY LOGIC CONTROL OF 

PREDICTIVE CURRENT CONTROL FOR GRID-CONNECTED SINGLE PHASE 

INVERTER,” Conf. Rec. IEEE Photovolt. Spec. Conf., vol. 2000-Janua, pp. 1715–1718, 2000 

[7] H. R. DE AZEVEDO, R. M. MARTINS, J. C. OLIVEIRA, A. J. MORAES, G. C. 

GUIMARAES, and ‘J. P. G. ABREU, “A FUZZY LOGIC BASED STABILIZER FOR AN 

ELECTRIC POWER SYSTEM,” pp. 1561–1566, 1995 

[8] C. Cecati, A. Dell’Aquila, M. Liserre, and A. Ometto, “A Fuzzy-Logic-Based Controller for 

Active Rectifier,” IEEE Trans. Ind. Appl., vol. 39, no. 1, pp. 105–112, 2003 

[9] M. Montazeri-Gh, A. Ahmadi, and M. Asadi, “Driving Condition Recognition for Genetic-Fuzzy 

HEV Control,” 2008 3rd Int. Work. Genet. Evol. Fuzzy Syst. GEFS, no. March, pp. 65–70, 

2008 

[10] F. Hernandez-Rosales, J. A. Moreno-Cadenas, L. M. Flores-Nava, and F. Gomez-Castaneda, 

“Microcontroller-Based Fuzzy Logic System for Autonomous Vehicle,” Annu. Conf. North 

Am. Fuzzy Inf. Process. Soc. - NAFIPS, pp. 79–83, 1997 

[11] Z. B. Duranay and H. Guldemir, “Fuzzy Logic Based Harmonic Elimination in Single Phase 

Inverters,” Adv. Sci. Technol. Eng. Syst., vol. 3, no. 3, pp. 161–167, 2018 

[12] C. C. Hung and B. R. Fernandez, “Minimizing Rules of Fuzzy Logic System by Using a 

Systematic Approach,” 1993 IEEE Int. Conf. Fuzzy Syst., pp. 38–44, 1993 

[13] R. Perez and R. Soto, “The Effect of Fuzzy Logic Theory on a Fuzzy Sliding Mode Controller’s 

Performance.,” pp. 139–140, 1994 

 

Acknowledgments 

This work was supported by Directorate of Research and Community Service, Directorate General of 

Research Strengthening and Development, The Ministry of Research, Technology and Higher 

Education, Republic of Indonesia 2019. 

 


