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Abstract— An important consideration in the use of the 

PV system is to operate the system near the maximum power 

point to increase the output efficiency of the PV panel. 

Maximum power point tracking (MPPT) techniques are used 

in PV applications to extract the maximum power that the 

PV panel can produce, which depends on different 

atmospheric conditions, namely solar insolation and 

temperature. In this paper, a new maximum power point 

tracker using fuzzy set theory is proposed to improve the 

energy conversion efficiency. A fuzzy algorithm based on 

linguistic rules describing the operator control strategy is 

applied to the boost converter control so that the maximum 

power point tracker linguistic variables implemented in the 

fuzzy logic controller were appropriately selected to 

modulate the DC-DC converter. The fuzzy logic controller 

offers advanced features such as fast response, good 

oscillation performance the results obtained are compared 
with the P&O technology.  

Keywords— PV system, Maximum power point tracking 
(MPPT), fuzzy logic. P&O. 

I. INTRODUCTION  

Photovoltaic energy source is one of the most popular 
energy sources that many researchers are working on 
because it is clean, pollution-free and endless and can meet 
our demand without disturbing the environment. To 
decrease the use of conventional energy, the PV source 
must be integrated into the grid through step-up converters. 
[1] 

As the efficiency of the PV source is very less an 
important consideration in the use of PV system is to 
operate the system near the maximum power point in order 
to increase the output efficiency of the PV panel, [2] as the 
maximum power point depends on the temperature and 
irradiance which are non-linear in nature, a maximum 
power point tracking control system is used, which can 
maximize the output energy of the PV system and work 
effectively on the non-linear variations of the parameters 
such as temperature and irradiance. [3]  

There are many MPPT algorithms such as perturbation 
and observation (P&O), incremental conductance, 
fractional short-circuit current, fractional open circuit-
voltage, neural networks and fuzzy logic. Each has its own 
advantages and disadvantages. [4] This paper focuses on 
the comparison of fuzzy logic controller and perturbations 
and observations (P&O) for tracking the maximum power 
point which is influenced by the non-linear characteristics 
of the photovoltaic panel depends on variable 

environmental conditions such as temperature and solar 
energy radiation. [5] 

The major problem with the existing solar power MPPT 
harvesting technologies is that, the efficiency of the solar 
power system is still very low and the PV system does not 
operate at its best efficiency corresponds to the nonlinear 
variations, [6] thus the fuzzy logic controller is designed 
and compared with P&O Technique for MPPT controller 
operation for efficient operation under nonlinear parameter 
variations. One of the most difficult parts is the design of 
the fuzzy logic rules to track the maximum power point and 
control the DC - DC converter. 

II. CHARACTERISTICS OF THE PHOTOVOLTAIC SYSTEM 

A. Mathematical model of the photovoltaic cell: 

  A photocell consists of a semiconductor material that 
absorbs light energy and converts it directly into an electric 
current. She based on the physical phenomenon called the 
"photoelectric effect", which consists of creating an electric 
impulse when the surface of this cell is exposed to light [7]. 
Figure 1 shows a simplified electrical diagram of a solar 
cell [8].  

 

Figure.1. Solar cell diode model. 

Kirchhoff's laws allow the writing of the following 

relationships:  

Ip=Id+IRP+IRS 

  (1) 

The current in the diode is given by the following 
expression: 

Id=I0 [exp (q (V+Rs)/mKT)-1] 

      (2) 

  The current flowing through the parallel resistance is 
given by:  

IRp=V+I.Rs/Rp 
                             (3) 
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From the equations above the expression of the 
total current is established:  

I = Ipv ˗ I0 [exp (q*V+I*RS ⁄NS*n*K*T)-1] - (V+I*RS/RP) 

(4) 

Where:  

I: is the current of the PV solar module.  

Ipv: Photocurrent [A].  

V: voltage at the terminals of the PV module [V].  

I0: saturation current of the diode [A].  

q: electron charge which is 1.602 * 10 ^ (-19) Coulomb.  

Rs: series resistance of PV solar module (Ω).  

Rp: parallel resistance of the PV module (Ω).  

K: Boltzmann constant (J / K). 

T: junction temperature [K].  

Ns: number of cells in series and; n is the ideality factor of 
the diode. 

The Matlab / Simulink model of the PV module is given 
in Fig.2. 

 

Figure .2.  Presentation of the PV module in Matlab/Simulink. 

B. the P&O Algorithm: 

In this algorithm, a small error is introduced into the 
system due to the power of the module changes. [9] If the 
power change is positive the disturbance continues in that 
direction After the MPP point the power at the next instant 
decreases, then the disturbance reverses At the steady state, 
the algorithm oscillates around the peak point. 

C. the Fuzzy Logic Controller: 

 The fuzzy system is composed of a knowledge-based 
rule system; the main part of FLC is the knowledge base 
composed of the If-Then rules. [10] 

 Fuzzy Logic is implemented to get the MPP operating 
voltage point faster with less overshoot and it can minimize 
the voltage fluctuation after the MPP recognition. [11] The 
control objective is to track the maximum power will 
therefore lead to efficient operation of the PV panel.  

 To design the FLC, the variables that represent the 
dynamic performance of the system should be chosen as 
input for the controller. The basic block diagram 

implemented in the fuzzy logic controller is shown in 
Figure.3.  

 

Figure.3. General diagram of a fuzzy command. 

Fuzzy control is based on three main steps are: 

a. Fuzzification  

In the fuzzification step, the numerical input variables 
are calculated or converted into linguistic variables based 
on a subset called membership function. To translate the 
value of voltage change and power change, the fuzzy input 
"power change" and "voltage change" is designed with 
seven fuzzy variables called PB (Positive Big), PM 
(Positive Medium), NS (Negative Small), PS (Positive 
Small), ZE (Zero), NM (Negative Medium), and NB 
(Negative Large).The voltage change and power change 
are the input variables in the proposed system and the 
output of the fuzzy logic controller is the duty cycle change. 
[12]. 

 

Figure.4.FLC voltage change input. 

 

Figure.5.Input to the FLC as power change. 
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Figure.6.Output of the FLC as a change of cyclic ratio. 

b. Inference system  

The fuzzy rule algorithm collects a set of fuzzy control 
rules in a specific order, these rules are used to control a 
system to meet the desired performance requirements and 
they are designed based on the expert knowledge of the 
system under control. [13] The fuzzy inference of FLC is 
based on the Mamdanis method, which is associated with 
max-min composition.  

c. defuzzification 

The input for the defuzzification process is a fuzzy set 
and the output is a single number to be applied to the 
system, for the final desired output according to the system, 
a non-fuzzy value of control output is required, so a 
defuzzification step is mandatory.[14] The defuzzification 
method presenting in the proposed scheme. 

 

Figure.7.Model of the fuzzy logic controller. 

III. RESULTS AND DISCUSSIONS 

  The power output of PV module and inverter with two 

different MPPT techniques is obtained in MATLB / 

Simulink at 400 W/m2 irradiance and 250 Cº temperature.  

The simulation results show the implementation of fuzzy 

logic and P&O technique on tracking the maximum power 

point (Pm) is given in figure 8 (a), (b). 

 We note that the maximum power produced is accurate, 

stable and effective compared to the fuzzy logic technique 
compared to the P&O technique. 

 

 

(a) 

 

(b) 

Figure.8.Maximum power (Pmpp) and power output (Po) of the 
proposed PV array. 

  The voltage variations in Vmpp and Vo for these 
converters are shown in the corresponding figure 9 (a) and 
(b). 

 We note that fuzzy logic controller gives us more stable 
results compared to the P&O technique.  
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(a) 

 

(b) 

Figure.9.Output voltage (Vmpp) and output voltage 
(Vo) of the photovoltaic generator PV. 

IV. CONCLUSION 

In this paper, the V-I and P-V characteristics of the PV 
module are obtained using MATLAB / Simulink at a 
temperature of 250 ° C and an irradiance of 400 W/m2. The 
analysis of fuzzy logic controller and P&O based MPPT is 
done and the simulation results are presented. From the 
simulation results, the Fuzzy based MPPT tracks the power 
continuously with less fluctuations and also has less 
overshoot with fast tracking time compared to the P&O 
MPPT algorithm. 
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