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Abstract – Energy is a substantial component for human being. One of the crucial concerns in developing power industry is that 

expanding energy demand compulsively. Therefore, the only way to overcome this challenge is the evolution of renewable and 

unlimited energy sources. Solar energy is considered a major source for producing electricity. One of the most important issues 

is generating the electrical power from PV panels and nowadays researchers concentrate implementation of maximum power 

point tracking algorithm to increase the output efficiency of PV panel. Maximum power point tracking (MPPT) system is used 

in PV applications to obtain maximum power which rely on different conditions like solar insolation, temperature, sunlight angle 

etc. In addition, a DC-DC converter is located between the PV array and load in order to acquire the desired voltage level. The 

converter searches a better voltage to receive higher power from the solar panels.  

In this study, a Fuzzy Logic controller and a Perturb & Observe (P&O) system for the tracking of the maximum power point are 

analyzed. Thus, fuzzy logic controller is designed and compared with P&O technique for the operation of the MPPT controller 

for effective operation under non-linear parameters variations. All algorithms are simulated in Matlab/Simulink to track 

maximum power efficiently and so successful results are obtained.   

 

Keywords – Photovoltaic applications, Maximum Power Point Tracking, Perturb and Observe, Fuzzy logic controller, 
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I. INTRODUCTION 

Solar energy is one of the most important renewable energy 

sources. Solar energy is clean, inexhaustible and free. 

Photovoltaic (PV) generation systems are suffered from two 

main problems: efficiency of PV module is low because of 

weather conditions and low efficiency of the converter system 

which is used in PV Systems. The PV cell V-I and P-I 

characteristics are not linear and also depends on temperature 

and irradiation. If a PV cell receives solar irradiation, it can 

produce power. Also, the system is adjusted current and 

voltage outputs in order to detect the best possible power 

output under variable conditions such as sunlight, temperature, 

irradiation etc. Unpredictable weather conditions cause to 

change the efficiency in the solar system. Maximum power 

point (MPP) confirms the panels are producing the maximum 

power at all times. Therefore, the PV array’s efficiently 

depends on transformation of sunlight into electrical power. 

This transformation is remarkably important for solar power 

system so as to design a system with as low budget as possible. 

Maximum Power Point Tracking (MPPT) techniques are 

explored to maximize power output. Several MPPT techniques 

are identified in the literature; the Incremental Conductance 

(IC), the Perturb and Observe (P&O), the Artificial Neural 

Network (ANN), the Fuzzy Logic Controller (FLC) etc. 

respectively. The MPPT based IC and P&O systems are used 

the most extensively because of convenient, simple structure 

and reduced number of necessary measured parameters. On the 

other hand, these algorithms have the drawback that starts 

deviating on the maximum power point, cost, speed of 

convergence, sensors required, hardware implementation.  

The objective of this thesis is firstly to review different MPPT 

algorithms. Then the most popular P&O and FLC are analyzed 

and compared according to the standard mentioned. After that, 

improvements to the P&O is suggested to succeed in the MPP 

tracking under conditions of changing irradiance. 

MPPT algorithms and FLC technique are used in this study for 

controlling duty cycle of the electronic switch of DC-DC boost 

converter. PV system was operated depend on variable 

operation conditions to reach the maximum power to the 

resistive load.  

Fuzzy Logic is focused on Artificial Intelligence. Fuzzy 

logic is tried to produce output similar to our brain work. the 

fuzzy logic control is applied in three levels: fuzzification, 

intelligence & rules and defuzzification. In fuzzification stage, 

crisp values are converted into fuzzy values depend on a 

membership function. In the intelligence & rules stage, the 

rules is identified by a set of IF-THEN statements to describe 

the controller attitude. In the defuzzification stage, the fuzzy 

values are converted to crisp values to a numerical variable 

based on a membership function. Fuzzy logic controllers are a 

very adaptable set of if-then rules. The solution is applied to 

available membership functions. All the simulations are used 

Matlab/Simulink computer software. In this study focus on the 

comparison of two algorithms in order to track of maximum 
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power point. These are Perturb & Observe and Fuzzy Logic 

Controller. They are simulated by using Matlab / Simulink 

under same condition (temperature and irradiance) and are 

obtained outputs of V-I and P-V curves. Their performances 

compared for different system parameters such as irradiation 

at different degree.  The best performance is evaluated via 

simulation and two systems. In addition, the effect of DC-DC 

converter is investigated on the tracking quality by using Boost 

converter.  

Finally, Simulated and outputs are discussed these different 

MPPT algorithms. 

 

II. MATERIALS AND METHOD 

A. PV cell model  

The equivalent circuits commonly used for modelling of a 

PV cell are known as single-diode and two-diode models. The 

two-diode equivalent circuit has a more complex structure and 

exhibits more nonlinear characteristics than the single-diode 

equivalent circuit. Therefore two-diode models are rarely 

used.  Single cell circuit model is used the most commonly 

model for simulation and modeling in PV cell modeling. In 

this study, single-diode equivalent circuit model is preferred. 

The equivalent single-diode circuit model of the solar cell is 

given in fig.1. 

 
Fig. 1 One-diode Model of PV cell 

 

In addition, the mathematical is obtained fromexpression

above the circuit. 

 

Ipv=Iph - Io[𝑒 

q(V+IpvRs)

𝑁𝐾𝑇

 

− 1] - 
(𝑉+𝐼𝑝𝑣𝑅𝑠)

𝑅𝑝
 

 

First, unknown expressions are defined on circuit. 

▪ Iph is the photo current 

▪ Io is the reverse saturation current of diode(A) 

▪ q is the electron charge (constant, 1.602x10-19 C) 

▪ K is the Boltzmann’s constant (1.381x10-23 J/K) 

▪ T is the junction temperature in Kelvin(K) 

▪ N is the ideality factor of diode 

▪ Rs is the series resistance of diode 

▪ Rp is the shunt resistance of diode 

▪ V is the voltage across the diode 

 

B. Characteristics of PV Module 

PV panel manufacturers generally measure and 
obtain panel values at 25 degrees temperature and 
1000 W/m2 irradiation values. On the other hand, 
weather conditions are unpredictable. Therefore, the 
output values of the PV panel should be examined under 

different conditions to acquire maximum power from the PV 

panel. 

The V-I and P-V curves is shown below in Fig.2 and 
Fig.3 respectively under different temperatures. 

 

 

Fig. 2 V-I Characteristics  

 

Fig. 3 P-V Characteristics 

 

 

The V-I and P-V curves is shown below in Fig.4 and Fig.5 

respectively under different irradiation. 
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Fig. 4 V-I Characteristics 

 

 

Fig. 5 P-V Characteristics 

 

C. DC-DC Boost Converter 

DC-DC Boost converter generally is preferred to maximize 

the power conversion of photovoltaic panels. It is used 

generally MPPT applications to avoid shadowing problems so 

it has manage to reach maximum power point. It is positioned 

between PV array and load to adjust specified duty ratio and 

switching frequency. They step up the input voltage of a solar 

array for a given set of conditions. 

It is represented below in Fig.6 in MPPT applications. 

 

 

Fig. 6 Basic block diagram of PV system 

In addition; DC-DC converter was designed below using 

Simulink/ Matlab in the Fig.7. 

 

 
Fig. 7 DC-DC Converter in Simulink/Matlab 

D. Maximum Power Point Tracking 

MPPT performs a vital role in solar energy systems. The 

target of MPPT is that transmit the input power of the PV panel 

as the output power in maximum efficiency. Solar panels are 

affected by external factors such as partial shading, irradiance, 

temperature and dust. Therefore, it aims to achieve the 

maximum output power even under different conditions. 

Hence, researchers have developed MPPT algorithms. 

E. MPPT Algorithms 

There are several techniques are used to obtain the 

maximum power point. The most of popular algorithms are 

given below. 

• Constant Voltage / Current  

• Perturb & Observe Method (P&O) 

• Incremental Conductance method (IC), 

• Artificial Neural Network method (ANN), 

• Fuzzy Logic Controller (FLC) 

• Adaptive Neuro-Fuzzy Inference Scheme (ANFIS) 

• Heuristic Algorithms 

F. Perturb & Observe Algorithm and Simulink model 

The P&O algorithm is the most extensively used algorithm 

in the literature due to simple, stable results and non-

complexity. The output power of PV panel is continuously 

observed in this algorithm. A relationship is established 

between the change of the control variable and the change of 

the power value. Thus, the control variable is decided to 

increase or decrease according to the power value. In 

summary, the voltage value is increased or decreased 

according to the power value whether is positive or negative 

depend on the P-V curve of the PV panel. Flowchart of P&O 

techniques is shown below in Fig.8. In this study, P& O 

technique is simulated and designed using with Simulink 

/Matlab. 
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Fig. 8 Flow chart of P&O method 

 

G. Fuzzy Logic Controller and Simulink Model 

Fuzzy logic is another kind of artificial intelligence 

technology. Fuzzy logic is depend on the principle that 

human decision making isn’t all about “ones and zeros” or 

“yes-no”. The fuzzy control rules, essentially the IF-THEN 

rules. MPPT methods based on fuzzy logic have several 

advantages over conventional P&O and IC algorithms.  

Fuzzy logic systems reach the maximum power point 

more quickly at load or under variable atmospheric 

conditions thanks to the soft calculation features of fuzzy 

logic. However, Fuzzy based on MPPT systems follow the 

without oscillation or negligible level after reaching the 

maximum power point. This system follows faster the 

different environmental conditions and thus reaches the 

maximum power point rapidly. Hence, efficiency of system is 

better than other systems. 

In this paper, Fuzzy Logic Controller (FLC) Inference 

System is used with Matlab toolbox. Basic block diagram of 

FLC’s structure is given below Fig.9. 

 

 
 

Fig. 9 Basic block diagram of FLC 

▪ Fuzzification: Conversion of crisp values to fuzzy 

sets that is called membership functions 

▪ Rule-base: It consists of a number of If-Then rules to 

operate the controller. 

▪ Intellienge: Utilizing an inference to the rules and 

obtain conclusions with membership functions. 

▪ Defuzzification: Transformation of output fuzzy 

values to crisp values 

Fuzzy input “change in power” and “change in voltage” is 

designed with seven fuzzy variables and is given below Fig.10. 

Moreover, the output from the fuzzy logic controller is the 

change in the duty cycle. 

 

 

Fig. 10 Rules implemented in FLC 

 

3-dimensional modeling of inputs and outputs is shown 

Fig.11. 

 

 

Fig. 11 Surface view of fuzzy input versus output functions 

 

The fuzzy logic controller is also modeled in MATLAB and 

the output is given below Fig.12. We have to assign the .fis file 

which consists of rules base into the FLC block. 

 

 

Fig. 12 MPPT based FLC in Matlab/Simulink 

 

III. RESULTS 

In Table 1 resultant data obtained from the proposed system 

for various irradiations are categorized. Below, the input and 

output values of different panel brands are shown under the 

different radiation and constant temperature. In this way, the 

panel is preferred the best choice for the system. Results of 

comparison are shown Table 1. 
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Table 1. The output V,I,P at different irradiation for the preferred three PV panel 

 

 

From the simulation, the response time of FLC is 0.16 sec in 

case of P&O based MPPT is 0.6 sec. This comparison was 

evaluated under 800W/m2 irradiation and 25-degree 

temperature conditions on the same brand PV panel. Also, it 

was designed 10 module and 4 parallel string. The results are 

given in the table below. 

 

Table 2. Comparison results between P&O and FLC 

 

MPPT 
Vin 

(V) 

Iin 

(A) 

Pin 

(W) 
Vout Iout Pout 

Effi

cien

cy 

Time 

P&O 310,4 
25,7

8 
8000 

744,

8 
9,84 7328 

%91

.6 

0.

6 sec 

P&O PI 310,4 
25,7

8 
8000 

744,

9 

9,84

1 
7329 

%91

.6 

0.

6 sec 

FUZZY 310,4 
25,2

6 
8000 

750,

2 

10,6

2 
7968 %99 

0.

16 

sec 

 

IV. DISCUSSION 

The MPPT system based fuzzy logic controller is reached 

to steady-state to thanks to resolution logic. Therefore, it is 

obtained the maximum output power which is more realistic 

and more efficient than P&O technique. The results get from 

the simulation are shown below Fig 13. and Fig 14. 

 

 
Fig. 13 MPPT based P&O respectively V,I,P output curves 

 

 
 

Fig. 14 MPPT based P&O respectively V,I,P Matlab/Simulink 
 

V. CONCLUSION 

In this paper, P-V and V-I curves of PV module are acquired 

using Simulink/Matlab. One module PV array is used at 

temperature of 25o C and irradiance of 1000W/m2. Fuzzy logic 

controller and P&O based MPPT are simulated and displayed. 

From the simulations results, it is observed that Fuzzy based 

MPPT system has less overshoot with changing conditions. In 

addition, it is reached to maximum power point faster than 

P&O based MPPT system. 
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