
 

 
Abstract—In this paper, a fuzzy logic control (FLC) is 

proposed to control the maximum power point tracking 
(MPPT) for a photovoltaic (PV) system. The proposed 
technique uses the fuzzy logic control to specify the size of 
incremental current in the current command of MPPT. As 
results indicated, the convergence time of maximum power 
point (MPP) of the proposed algorithm is better than that of 
the conventional Perturb and Observation (P&O) technique. 
 

Index Terms—photovoltaic system, MPPT, P&O, Fuzzy 
Logic Control 
 

I. INTRODUCTION 

N our world today, the problems caused by global 
warming and pollution effect become the important issues 

for research. Renewable energy sources are considered as a 
technological option for generating clean energy. Among 
them, photovoltaic (PV) system has received a great 
attention as it appears to be one of the most promising 
renewable energy sources. Recently, due to its development 
and cost reduction, PV system becomes an efficient solution 
to the environmental problem [1]. However, 
the development for improving the efficiency of 
the PV system is still a challenging field of research.  

PV system cannot be modeled as a constant DC current 
source because its output power is varied depending on the 
load current, temperature and irradiation.  

Generally, MPPT is adopted to track the maximum power 
point in the PV system. The efficiency of MPPT depends on 
both the MPPT control algorithm and the MPPT circuit. The 
MPPT control algorithm is usually applied in the DC-DC 
converter, which is normally used as the MPPT circuit. 
Typical diagram of the connection of MPPT in a PV system 
is shown in Fig. 1. 

One of the most popular algorithms of MPPT is P&O 
(Perturb and Observe) technique; however, the convergence 
problem and oscillation are occurred at certain points during 
the tracking. To enhance the performance of the P&O 
algorithm, this paper presents the application of Fuzzy 
Logic Control (FLC) to the MPPT control. The simulation 
study in this paper is done in MATLAB and Simulink. 
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Fig. 1 Typical diagram of MPPT in a PV System 

II. PHOTOVOLTAIC EQUIVALENT CIRCUIT 

The model of solar cell can be categorized as p-n 
semiconductor junction; when exposed to light, the DC 
current is generated. As known by many researchers, the 
generated current depends on solar irradiance, temperature, 
and load current. The typical equivalent circuit of PV cell is 
shown in Fig. 2. 

 

 
 

Fig. 2 Typical circuit of PV solar cell 
 
The basic equations describing the I-V characteristic of the 
PV model are given in the following equations: 
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Where: 
 

PVI   is the cell current (A). 

SCI    is the light generated current (A). 

DI     is the diode saturation current (A). 

sR     is the cell series resistance (ohms). 

PR    is the cell shunt resistance (ohms). 

DV     is the diode voltage (V). 

TV     is the temperature voltage (V). 

PVV   is the cell voltage (V). 
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III. MAXIMUM POWER POINT TRACKING TECHNIQUES 

 
A. Perturb and Observation (P&O) 
One of the most simple and popular techniques of MPPT 

is the P&O technique. The main concept of this method is to 
push the system to operate at the direction which the output 
power obtained from the PV system increases.  Following 
equation describes the change of power which defines the 
strategy of the P&O technique. 
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If the change of power defined by (4) is positive, the system 
will keep the direction of the incremental current 
(increase or decrease the PV current) as the same direction, 
and if the change is negative, the system will change the 
direction of incremental current command to the opposite 
direction. This method works well in the steady state 
condition (the radiation and temperature conditions change 
slowly). However, the P&O method fails to track MPP 
when the atmospheric condition is rapidly changed. Flow 
chart of the P&O method is described in Fig. 3. 
 

 
 

Fig. 3 Flow Chart of the P&O Method. 
 

 B. MPPT using Fuzzy Logic Control 
 MPPT using Fuzzy Logic Control gains several 
advantages of better performance, robust and simple design. 
In addition, this technique does not require the knowledge 
of the exact model of system. The main parts of FLC, 
fuzzification, rule-base, inference and defuzzification, are 
shown in Fig. 4. In the proposed system, the input variables 
of the FLC are the change in PV array power (∆Ppv) and the 
change in PV current (∆Ipv), whereas the output of FLC is 
the magnitude of the change of boost converter current 

reference (∆Iref). The current reference is the command for 
controlling the current drawn from the PV. Flow chart of the 
proposed FLC is shown in Fig. 5. The equations for ∆Ppv 

and ∆Ipv are given as follows: 
   

 k k k
pv pv pvP V I               (5) 

 
1k k k

pv pv pvP P P                (6) 

 
1k k k

pv pv pvI I I                 (7) 

 

 
 

Fig. 4 The Fuzzy Logic Controller 
 

 
Fig. 5 Flowchart of the proposed FLC method 

 
In the proposed design, the universe of discourse for the 

first input variable (∆Ppv) is assigned in terms of several 
linguistic variables by using seven fuzzy subsets, which are 
denoted by NB (negative big), NM (negative medium), NS 
(negative small), Z (zero), PS (positive small), PM (positive 
medium) and PB (positive big). The membership functions 
for the variable are shown in Fig. 6. Fig. 7 shows the 
universe of discourse for the second input variable (∆Ipv), 
which is classified into 3 fuzzy sets, namely, Negative (N), 
Zero (Z) and Positive (P). Fig.8 shows the control surface of 
the output variable, ∆Iref. 

 

 
 

Fig. 6 Membership Functions of the 1st Input Variable 1st 
(∆Ppv) 



 

 
 

Fig. 7 Membership Functions of the 2nd Input Variable 2nd 
(∆Ipv) 

 

 
 

Fig. 8 Sugeno Control Surface, Output Variable (∆Iref) 
  

Based on the knowledge of the authors, the fuzzy system 
rules can be designed as shown in Table 1. ∆Ppv and ∆Ipv are 
the inputs while ∆Iref is the output. The fuzzy inference of 
the proposed FLC is based on the Sugeno’s method which is 
associated with the max-min composition.  

 
Table 1: Rules for the proposed FLC 

 

 

IV. MODEL OF THE SYSTEM 

The proposed Fuzzy Logic Control based MPPT has been 
modeled and simulated using MATLAB/Simulink. Fig. 9 
shows our developed Simulink model. In the simulation 
study, the fuzzy logic based MPPT control is simulated and 
compared with the conventional P&O technique under the 
operating condition assuming the constant temperature and 
varying isolation (0 to 1000 W/m2). The step size of 
incremental current in the P&O technique uses 
the appropriate value found by trial and error technique. The 
MPPT control consists of two main parts, FLC and current 

control, as depicted in Fig. 9. The specifications of PV 
module used in this simulation are shown in Table 2. 

 
Table 2 the specification of PV module used in the 

simulation. 
 

Short Circuit Current          7.8       A 
Open Circuit Voltage          21        V 

Current at Pmax          6.72     A      
Volt at Pmax          12.7     V 

 

 
 

Fig. 9 Model of the developed PV System in 
MATLAB/Simulink 

V. RESULT AND DISCUSSION 

Figs. 10 and 11 show the results of the I-V and P-V 
characteristic curves of the PV module with the varying of 
irradiation. As seen in these figures, the I-V curves and the 
maximum points in the P-V curves are changed under the 
variations of operating condition.   
 

 
 

Fig. 10 I-V Characteristic Curves 
 

 
 

Fig. 11 P-V Characteristic Curves 
 



 

The performance of MPPT using the FLC and the simple 
P&O techniques is verified by operating them under the 
variation of irradiance. Fig. 12 shows the transient 
responses of the tracking power curves obtained from both 
control algorithms. As seen in the figure, the proposed 
response is much faster than that of the conventional MPPT 
while the overshoots of the system are almost the same. 
Fig.13 shows the energy obtained from the both controllers; 
clearly, the proposed controller gains more energy than the 
conventional P&O technique. 
 

 
 

Fig. 12 Tracking curves by the FLC and P&O Methods 
 

 
 

Fig. 13 Energy obtained from the both controllers.  

 Fig. 14 shows the performance of the PV system using 
FLC and P&O algorithms under fast changing of irradiance. 
The irradiance values are 400, 400, 600, 600, 600, 600, 
1000, 1000, 600, 600, 600, 600, 200 and 200 W/m2 at 0, 60, 
120, 180, 240, 300, 360, 420, 480, 540, 600, 660, 720, and 
780 seconds, respectively. The MPPT using FLC gives the 
results better than the P&O in several areas of the tracking 
curve. Fig. 15 shows the energy gained from the tracking 
power curve in Fig. 14; clearly, the energy gained from the 
proposed technique is higher than that of the conventional 
technique. 

 

 
 

Fig. 14 MPP Tracking curves by the FLC and P&O 
methods. 

 

 
 

Fig.15 Energy obtained from the MPP tracking curves in 
Fig. 14. 

 

VI.  CONCLUSIONS 

 
This paper presents an intelligent control strategy of 

MPPT for the PV system using the FLC. Simulation results 
show that the proposed MPPT can track the MPP faster 
when compared to the conventional P&O method. In 
conclusion, the proposed MPPT using fuzzy logic can 
improve the performance of the system. For the future work, 
we intend to implement the proposed technique in the real 
PV system.  
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