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Abstract- A hybrid sun PV device and wind power device can enhance the reliability of power deliver. In 

case of deficiency of energy all through quick intervals, resulting from the failure of each sun irradiation and 

wind, a battery backup is blanketed withinside the energy device. Such a provision facilitates to render the 

uninterrupted energy deliver to the crucial loads. Energy control may be very critical in a hybrid device. The 

device includes reassets whose availability is unpredictable. 
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Introduction  

The MPPT set of rules serves an important important characteristic in renewable power structures for 

generating most energy below fluctuating climate circumstances [4][5]. The sun photovoltaic device creates 

power with relation to amount of irradiance absorbed with the aid of using the PV modules. 

Figure 1: Simulation version for 10 kW device the use of FL MPPT controller 

 

There will now no longer be sufficient strength generated with the aid of using the PV modules because of 

sun radiation's nonlinearity. MPPT set of rules primarily based totally at the fuzzy logic (FL) controller has 

been evolved withinside the thesis. Figure 1 indicates the MATLAB code for the improve converter-

primarily based totally PV MPPT device. 
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Methodology 

Design of Fuzzy Logic Controller for PV MPPT 

Two inputs and one output are supplied through the bushy good judgment controller model. In Figure 2, the 

obligation cycle of the PV raise converter is displayed as an enter characteristic, even as PV voltage and 

contemporary are proven as output functions. This characteristic classifies the voltage inputs of fuzzy PVs as 

LV, MV or HV primarily based totally at the degrees of the enter voltages (HV). Low-contemporary (LI), 

medium-contemporary (MI), and high-contemporary (HI) are all classifications for the bushy PV 

contemporary enter club characteristic (HI). LD, MD, and HD are the 3 fuzzy obligation cycle output 

degrees that make up the club characteristic of the bushy obligation cycle output club characteristic (HD). 

The fuzzy club characteristic layout is primarily based totally on trapezoidal approach for fuzzification 

technique as proven in Figure 4.three and makes use of centroid approach for defuzzification technique. The 

fuzzy policies are fashioned primarily based totally on enter statistics evaluation and obligation cycle at 

diverse conditions. It is represented withinside the Table 4.1[14]. 

 

 

Figure 2: Fuzzy controller structure for MPPT controller 

 

 

 

Figure 3a: Input Fuzzy membership functions for PV MPPT FL 
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Figure 3b: Input Fuzzy membership functions for PV MPPT FL 

 

 

Figure 3c: Output Fuzzy membership functions for PV MPPT FL 

 

The proposed fuzzy control-primarily based totally PV MPPT controller is simulated at variable irradiance 

and temperature. In the simulation, the irradiance values implemented at diverse time durations are 

250W/m2, 500 W/m2, 750W/m2, 900W/m2 and a thousand W/m2. Also, the temperature values 

implemented at diverse time durations are 250C, 260C, 280C, 290C and 250C. The above climatic situations 

are implemented in proposed simulation version and the ensuing PV output energy waveform offered in 

Figure 4. The PV increase converter voltage and contemporary waveforms are proven in Figure 5. The above 

effects acquired in Figure 6 suggest that because the sun irradiance will increase the PV output energy will 

increase while boom in temperature reasons lower withinside the PV output energy as proven in Figure 4c. 

Hence at irradiance of a thousand W/m2and temperature of 250 C, the PV device is producing 10 kW of 

output energy. 

 

 

Figure 4a: PV irradiance variation with time 
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Figure 4b: PV temperature variation with time 

 

 

Figure 4c: PV power variation for variable irradiance and temperature 

 

 

Figure 5: PV voltage and current of Fuzzy based MPPT 

 

 

Figure 6: PV power generated using Fuzzy based MPPT 
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The total simulation results for the 10 kW solar PV systems may be shown in Figure 7. The PV system is 

connected to a typical DC/DC converter. In this study, two forms of maximum power point tracking (MPPT) 

approaches are used. Fuzzy MPPT strategies are compared to the incremental conductance method. In terms 

of the algorithm, the power curve has a slope of 0 at its greatest power point. That piece of peak grows and 

that section lowers at the same time. Instantaneous conductance and incremental conductance are used as a 

basis for tracking. When the maximum power point is reached, the reference voltage is equal to the peak 

voltage. Then PV array is made to operate at this point unless a change in current is noted due to some 

external changes. The reference voltage is increased or decreased in order to track the new MPP. With large 

increase in step faster tracking can be achieved but system may deviate from peak and oscillate around it. 

With this MPPT technique, the output power generated from PV system is 9662 W. 

Another method used in this analysis is Fuzzy logic based MPPT technique where in PV voltage and PV 

current is used as two input variable and duty cycle is taken as output variable as shown in Figure 2 and 3. 

Three membership functions are used for PV voltage which is trapezoidal in shape. Similarly, PV current 

and duty cycle are represented using three membership functions. The fuzzy rule based is obtained for the 

fuzzy controller as shown in Table 1. 

 

  

 

(a)                                                          (b)                                             (c ) 

Figure 8 Fuzzy rules-based system for MPPT controller with a) low voltage, b) medium voltage and c) high 

voltage membership function 

 

Result  

Figure 8 is the pictorial representation of the intermediate result obtained during the simulation of the PV 

system. It is seen in figure 8a that at low voltage and low current, it gives high duty cycle as mentioned in the 

fuzzy rule base (first row and first column). Similarly Figure 8b at medium current and voltage, the duty 

cycle is set to medium (second row and second column of rule base). Similarly, when voltage and current 

both at high value, duty cycle is set to low (third row and third column of the rule base). The results obtained 

are shown in Figure 9. The output of fuzzy controller based MPPT is compared with that of the incremental 

conductance (IC) algorithm and tabulated in Table 2. It shows that maximum power can be extracted using 

fuzzy based MPPT controller compared to IC algorithm. 
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(a) 

 

(b) 

Figure 9: Power output from a) Fuzzy based MPPT controller and b) Incremental conductance based MPPT 

 

Table 2: Comparison of output power between IC MPPT and FLC MPPT 

Irradiance Incremental Conductance Fuzzy Logic 

1000 W/m2 9662 W 10039 W 
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Figure 10: Calculation of the current references required for rotor converter 

 

Table 3: DFIG based wind system description 

Parameter Description Parameter  Description 

Power output 10 kW Stator Inductance 0.04 H 

Frequency 50 Hz Rotor resistance 10.7 Ω 

Stator resistance 9.7 Ω Rotor inductance 0.09 H 

Stator current 20 A Stator Voltage 1500 V 

Rotor current 25 A Rotor voltage 70 V 

 

The specification of DFIG is presented as represented in Table 3. The FL controller has been developed for 

DFIG rotor current controller for improving the system power quality and is presented in Figure 11. The 

DFIG rotor currents are classified into two types namely direct axis current 𝐼𝑑and quadrature axis current 𝐼𝑞. 

Therefore, two separate fuzzy controllers are designed for 𝐼𝑑 and 𝐼𝑞 . They are represented in Figure 12 and 

Figure 13 respectively. The fuzzy input and output membership functions are developed by using trapezoidal 

function, and then the centroid method is used for defuzzification [18] [17]. The fuzzy controller developed 

for direct axis current regulation has one input and one output membership functions. Also, the fuzzy 

controller is developed for quadrature axis current regulation. It has one input and one output membership 

functions wherein quadrature axis current is taken as an input membership function and regulated quadrature 

axis current is taken as an output membership function [20][22]. 
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Figure 11: Fuzzy based Rotor Current controller 

 

 

Figure 12: Design of Fuzzy Controller for 𝐼𝑑 regulator 

 

 

Figure 13: Fuzzy membership functions for DFIG controller 

 

Conclusion  

The PV system model is developed for 10 kW power generation and then the output generated is supplied to 

the grid. Two fuzzy controllers were used for the overall controlling and synchronization of the system with 

the grid. Fuzzy controllers are more flexible than PI controllers because of they have more parameters to 

obtain better control. These parameters are nothing but the types and membership functions parameters used 
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in the fuzzification and defuzzification modules. A larger variety of working situations is covered, as well as 

greater natural language customization. To summarise, although Fuzzy controllers are simple to construct, 

they are difficult to fine tune. Fuzzy controllers are easy to understand in case of small number of linguistic 

variables because of their rule-bases. These controllers are completely dependent on human knowledge and 

expertise. Its effectiveness depends on type of kind of membership functions taken in the design, how set-up 

their parameter range etc. 
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