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 The nonlinear characteristics and intense credence dependence of 

photovoltaic (PV) panel on the solar irradiance and ambient temperature 

demonstrate important challenges for researchers in the PV panel topic. To 

overcome these problems, the maximum power point tracking (MPPT) 

controller is needed which can improve the PV panel efficiency. In other 

words, for maximum efficiency, the MPPT controller can help to extract the 

optimal and overall available output power from the PV panel at different 

output load conditions. Fuzzy logic (FL) is one of the strongest techniques in 

the extracting of MPP in the PV panel since it has several advantages; robust; 

no requirement to have an accurate mathematical model, and works with 

imprecise inputs. Therefore, in this paper, fuzzy logic (FL-MPPT) has been 

designed and simulated to improve dynamic performance PV panel at 

different solar irradiance and then increased the efficiency. Therefore, 

"MATLAB/Simulink software" has been used to build the proposed 

algorithm and the simulation results have been adequate as well. Besides, a 

robust FL-MPPT algorithm has been presented with high dynamic 

performance under different weather conditions. Finally, the proposed 

algorithm has a quicker response and less oscillatory comparison of the 

conventional algorithms in the subject of extracting the maximum PV power 
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1. INTRODUCTION  

In recent years, renewable energy sources such as wind, solar, wave, tidal powers are 

environmentally clean, therefore they receiving very strong emphasis throughout the world [1]. The 

renewable energy harvested by the solar photovoltaic (PV) system is the major source that used today due to 

it has the simplification of the installation and less mechanical support requirements [2, 3]. The major 

disadvantages of a PV system are relatively high manufacturing costs and low efficiency (about 9-18%). 

Since it is necessary to operate a PV system at the MPP under varying environmental conditions. When a PV 

system works at this point, the highest possible efficiency is achieved. However, a dc-dc converter and their 

control algorithms are integrated with a PV panel or system to extract the maximum power continuously 

under any circumstance [4]. Thus, current-voltage (I-V) and power-voltage (P-V) characteristics of a PV 

panel are affected by conditions of solar irradiance and ambient temperature. The voltage and current of a PV 

panel should be controlled to track the maximum power. Many MPPT techniques have been proposed and 

practiced in recent years [5-7]. The large number of techniques proposed can make it difficult to select the 

best technique to adopt when implementing a PV application. 

https://creativecommons.org/licenses/by-sa/4.0/
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The output power of the PV panel depends mainly on the solar irradiance and temperature. For this 

reason, any increase in PV panel temperature, the voltage of the PV panel decreases, while the current 

increases slightly. The resultant effect reduces PV power value. On the other hand, when solar irradiance is 

increased, the PV panel current is more increased; which is proportional directly to solar irradiance, while the 

PV voltage exposes little change [8]. Today, the conventional MPPT algorithms such as incremental 

conductance (INC) algorithm [9, 10], Hill Climbing algorithm [11], and perturbation and observation (P&O) 

algorithm [12-14] are known and very simple in implementation, but they have problems such as lower 

efficiency and oscillations in tracking the maximum power from the PV panel. Several researchers are carried 

out to solve these problems and improve the performance and then increases the efficiency. Thus, artificial 

intelligence MPPT algorithms such as an artificial neural networks (ANN), fuzzy logic (FL), and genetic 

algorithms (GA) are used to improve the efficiency of PV panel [15]. Fuzzy logic MPPT algorithm 

represented a general technique of expressing linguistic rules, thus it can provide a fast response with simple 

mathematical non-linear characteristics [16]. 

Therefore, in this paper fuzzy logic (FL-MPPT ) algorithm for PV panel is presented. The proposed 

MPPT algorithm tracked the peak point of the PV power with a fast response for different weather conditions. 

The proposed MPPT unlike the conventional MPPT algorithms where it is tracked the global MPP on the P-V 

curve or I-V curve depends on the error and the change in error that represents the input variables for the 

proposed algorithm. The FL-MPPT algorithm has been tested under different solar irradiance to show the 

performance work successively. Hence, "Matlab/Simulink" software is used to demonstrate the effectiveness 

and robustness of the proposed MPPT algorithm. Finally, the proposed algorithm has less oscillatory than the 

conventional algorithms in extracting the maximum power from the PV panel. 

 

 

2. MODELING OF PV CELL 

The equivalent circuit is indicated in Figure 1, represents a single-diode PV cell model [17, 18]. The 

One-diode model is widely used for the most PV cell applications due to its simplicity. In this model the 

open-circuit voltage and photocurrent source which is approximately equal to the short-circuit current at 

standard test condition (STC) are the main parameters. The open-circuit voltage is affected by the 

temperature and the type of the material, while the short-circuit current depends on solar irradiance. Basic 

equations that represent this ideal PV cell model can be expressed as: 

 

                                   (1) 

 

            (2) 

 

           *
        

  
  +  (3) 

 

In this model,    is the diode current,            is the temperature voltage (25.7mV at 25°C). 

The ideality factor   generally varies from 1 to 5 for the single-diode model. Also,     is the terminal voltage 

of PV cell,     is the source of photo–current source,    is the diode reverse saturation current of PV cell, and 

    is output PV cell current. Also,   is the charge of electron                   ),   is the Boltzmann 

constant, (1.3806503×          ), the temperature of the p-n junction in    is represented by T. 
 

 

 
 

Figure 1. Equivalent circuit of one-diode PV cell model 
 

 

However, to represent the PV cell or panel as practical form, the series and parallel resistances are 

added to the equivalent circuit of PV cell model to observe a real PV cell. Thus, the basic (2) for the practical 

PV cell can be rewritten as [19]. 
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          *   (
             

     
)   +  

          

  
  (4) 

 

where    and     are the parallel and series resistances respectively. All PV panels are provided by datasheet 

that includes standard test condition parameters as open–circuit voltage (   ), short circuit current (   ), the 

voltage at MPP (    ), the current at MPP (    ), the temperature coefficient for the case of open-circuit 

voltage (  ), the temperature coefficient for case short circuit current (  ) and experimental maximum power 

(    ). These parameters are always puttied in the background of PV panel, which are measured in STC 

condition for the cell temperature and solar irradiance. On the other hand, a     and     are not provided in 

datasheet, it can be evaluated independently [18]. The source of photocurrent of PV panel (   ) depends 

linearly on the solar irradiance falling on the PV panel plane and its influenced by the ambient temperature of 

PV panel as shown below [18]. 

 

    (         )
 

  
  (5) 

 

where      is the photo-current source at    ,         (        ),   is the fallen of irradiation on the 

panel and    (1000W/m²) at    . In modeling of PV panel, several researchers have assumed that      of PV 

panel equal to    , due to real PV panel characteristics. Electrical quantities of the PV panel are in Table 1. 

 

 

Table 1. Electrical quantities of the SR-60SW PV panel under STC 
Quantity  Value  Unit  

     14.7 V 

     4 A 

     60 W 

    19.26 V 

    4.55 A 

                           

                  

   36 - 

 

 

3. ANALYSIS OF DC-DC BOOST CONVERTER 
The proposed system diagram with the FL-MPPT algorithm is indicated in Figure 2. The dc-dc 

boost converter is used to obtain the maximum power point from the PV panel by changing its duty cycle 

according to the fuzzy logic (FL) MPPT algorithm which is described in section four. The boost converter is 

designed according to the steady-state equations in continuous conduction mode (CCM) due to have the best 

performance and simple design. The boost circuit is adopted under CCM with an ideal circuit (current 

through the switches at OFF state is zero and drop voltage across the switches at ON state is zero). In CCM 

operation, the inductor current    flows continuously and does not reach zero. If a steady state condition 

exists, the relationship between the input PV voltage and output voltage can be derived from inductor current 

as shown below [19, 20]: 

 
        

 
    

    

 
       (6) 

 

where     is the switch ON time and      is the switch OFF time. By using the duty cycle fact       ⁄ , 

where   is the total switching period which is equal to (        , then the (6) can be rewritten as: 

 

            (7) 

 

In addition, the duty ratio can be written as: 

 

    
   

    
  (8) 

 

Thus, the output current can be written as: 

 

     
   

  
  (9) 
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Therefore, the input current for the boost converter can be written as: 

 

            (10) 

 

 

 
 

Figure 2. The proposed system diagram with fuzzy logic MPPT algorithm 

 

 

From (7) and (10), the equivalent input resistance    or the resistance that is seen by the PV panel 

can be written as [20]: 

 

    
 

   
  (11) 

 

where   is the load resistance. However, from (11)     depends on the duty cycle and load resistance, where 

the duty cycle   changes from 0 to 1. The operating point of PV panel characteristics is calculated by the 

intersection of the I-V curve with the load line with a slope of   ⁄    ⁄ . According to the changing the 

value of the load resistance, the MPP point moved on the I-V curve. If the load resistance in optimal value, 

the PV panel operates in maximum power point at point MPP and then the peak power is delivered to the 

load where optimal resistance is equal to              ⁄ . In the PV panel operation, the fill factor and 

maximum efficiency are important quantities that limited the work state of the PV panel, where a fill factor is 

the ratio of the maximum power produced by the PV panel to the product of     and     [20]. The fill factor 

can be expressed by: 

 

   
      

       
  (12) 

 

Efficiency depends on the solar spectrum intensity of solar irradiance and cell temperature. To 

improve the PV panel efficiency with absorbed a maximum amount of power, the MPPT is used gradually 

expanded by increasing power demand. For this reason, in this work, a robust efficient fuzzy logic FL-MPPT 

algorithm is presented. 

 

 

4. FUZZY LOGIC MPPT ALGORITHM 
Many advantages can be achieved by using Fuzzy logic such as nonlinearities, not needing a 

mathematical modeling and working with imprecise inputs [15, 16, 21]. Thus, it has received increased 

interest in MPPT applications [22-25]. The FL algorithm consists of four units: fuzzification unit, a rule base 

unit, an inference engine, and a defuzzification unit. The FL-MPPT algorithm has two inputs variables are 

the error   and the change in the error   . On the other hand, FL-MPPT has one output variable, which 

represents the change in the duty ratio value of boost converter   . The following equation represents the 

input variables for FL-controller algorithm. 

 

  
               

               
 

    

    
 

    

    
 

   

   
  (13) 

 

where        and        are the power and voltage of the PV panel, respectively: 
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                    (14) 

 

With two input variables of   and   , FL-MPPT decides the next operating point depending on the 

used membership functions and a rule table. The error   gives information about how far the current 

operating point is from that of the MPP, while the input    represents how fast the operating points in 

moving towards or far from the MPP. If the error value is more than zero the algorithm changes the duty 

cycle to rise the voltage until reaches a maximum power, if the error value less than zero the algorithm 

changes the duty cycle to decrease the voltage until reaches a maximum power again. However, five different 

fuzzy levels are used for inputs and output variables (negative big NB, negative small NS, zero Z, positive 

small PS, and positive big PB). Resulting, the proposed FL algorithm for MPPT will be controlled by 25 

different rules as presented in Table 2. The crisp value of the change in    should be added to the previous 

value of the duty cycle and the resultant value is delivered to the switch of the boost converter. 

 

 

Table 2. Proposed fuzzy rules table 
 /   NB NS ZE PS PB 

NB ZE ZE NB NB NB 

NS ZE ZE NS NS NS 
ZE NS ZE ZE ZE PS 

PS PS PS PS ZE ZE 

PB PB PB PB ZE ZE 

 

 

5. SIMULATION RESULTS 
The proposed PV system is implemented in "Matlab/Simulink" software as presented in Figure 3. It 

consists of three units; the PV panel model, the dc-dc boost converter circuit, and the FL-MPPT algorithm. 

The PV panel model has been built according to the mathematical model equations as presented in section 

two. While the boost converter is built depends on the electrical circuit that shown in Figure 2. 

 

 

 
 

Figure 3. Proposed PV system with FL-MPPT algorithm 

 

 

Furthermore, the representation of FL-MPPT algorithm has simulated with measured the voltage 

and current of the PV panel as inputs, the error and the change in error are computed, and it fed to the fuzzy 

logic controller to provide the optimal PWM signal to the switch of the boost converter. And, by change the 

duty cycle, the optimal input resistance is achieved with remain the load resistance is constant for   
     . Hence, the maximum power from the PV panel is obtained. Furthermore, an adaptive FL is used to 

tune the memberships (MFs) and rule-base table to obtain the optimum performance. Thus, triangular 

membership functions are built to minimize computation processes. The MFs for the input and output 

variables are indicated in Figure 4. 

Furthermore, the PV panel that operated without the MPPT algorithm has lower efficiency and it 

depends on the weather conditions only such as higher radiation and lower cell temperature. For this reason, 

the dynamic performance at different weather conditions of the PV panel can be improved by using the 
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MPPT algorithm as presented in this paper. The proposed FL-MPPT algorithm is tested under constant 

temperature        and different solar irradiance levels as presented in Figure 5. 

 

 

 
(a) 

 

 

 
(b) 

 

Figure 4. The membership functions (a) input variables   and    (b) output variable   

 

 

 
 

Figure 5. Simulation results of the PV system with FL-MPPT algorithm under different irradiance and 

constant temperature        
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From these results, the PV power is dependent on solar irradiance; if irradiance is higher, the output 

power from the PV is high according to the voltage and current values. Moreover, the proposed FL-MPPT 

algorithm is compared with the other MPPT algorithms, such as incremental conductance (INC), and 

perturbation and observation (P&O) to test the performance under different irradiance as shown in Figure 6. 

Figure 7 shows the output power of the PV panel under FL-MPPT, P&O, and INC algorithms under. The 

results demonstrate that the P&O algorithm exhibits a slow response in low irradiance level, compared the 

other algorithms, but a fast response in higher irradiance depending on the theoretical power calculation. The 

oscillation in P&O is large after steady-state operation. While INC algorithm has an acceptable response in 

different irradiance levels with little oscillation. On the other hand, the proposed FL-MPPT algorithm has a 

quicker response and less oscillatory than the other algorithms. 

 

 

 
 

Figure 6. Solar irradiance level under 

"Matlab/Simulink" software 

 
 

Figure 7. Output power under FL-MPPT, P&O and 

INC algorithms under different irradiance 

 

 

6. CONCLUSION 

In this paper, a fuzzy logic (FL) maximum power point tracking (MPPT) algorithm is presented to 

improve the dynamic performance of the PV panel and extracted the global MPP of the PV panel. The single diode 

PV cell model is used based on mathematical equations of its electrical equivalent circuit. Besides, the dc-dc boost 

converter is integrated with the PV model to build the FL-MPPT algorithm. The electrical circuit of the boost 

converter is described, and its equations used to shown the relationship between the load resistance, duty cycle, and 

the input equivalent resistance of the PV panel. Furthermore, the FL-MPPT algorithm has been implemented by 

"Matlab/Simulink". The results exhibit that the proposed FL-MPPT algorithm can obtain the optimum MPP under 

different weather conditions. Finally, the proposed MPPT algorithm has a quicker response and less oscillatory 

than the conventional algorithms in extracting the maximum power. 
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