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Abstract— In this paper an intelligent control method for the
maximum power point tracking (MPPT) of a photovoltaic system
under variable temperature and insolation conditions has been
developed. This method uses a fuzzy logic controller applied to a
DC-DC converter device. Maximum power point trackers
(MPPTSs) are used to track the peak output power of the solar
photovoltaic source. The system is composed of a photovoltaic
array, a boost converter. The complete system is simulated using
MATLAB/SIMULINK.
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point tracking,

I. INTRODUCTION

Solar energy is an energy source par excellence, clean and
promising; she acclimatized well with multiple systems.

Electricity production in solar systems is based on solar cells
where photons are absorbed by a semiconductor converted
directly into electrical energy [1].

In order to increase this efficiency, MPPT controllers are
used. Such controllers are becoming an essential element in PV
systems [2].

Different methods of peak power tracking schemes had been
proposed in the past using different control strategies[3-6] some
use conventional PID controllers [7] whereas others use rule
based fuzzy logic tracking regulators [8], other methods based
on Artificial Neural Networks[9] and etc. Among all of these
techniques those based on Avrtificial Inelegance are very efficient
nevertheless they are complicated.

The main purpose of this paper is to develop an fuzzy logic
based maximum power point tracking controller that extracts
maximum power from the solar panel via the chopper under
variable radiation and weather conditions [10].

Il. PV MODEL

Several models of photovoltaic cells exist in [3, 6, 7, 8]. In
this paper, we chose the model as shown in Fig. 1.
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Fig.1 Circuit model of an array of Ns series modules and Np parallel modules
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I and V are the output current and voltage of the array and
Imis the module current and can be obtained from the following

equation:
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Where, as in the diode ideality constant, V; is the thermal
voltage of the array and can be obtained from the equation
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N¢s is the number of cells connected in series, q is the
electron charge, k is Boltzmann’s constant and T is the
temperature of the P-N junction in Kelvin’s. Iy is the
photovoltaic current and can be expressed by:

Ipv = (Ipvn + KiAT) GG_n (3)

And I, is the reverse leakage current of the diode and can be
calculated from:
Iscn+KiAT
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Where: Ipwn is the generated current at 25°C and 1000W/m?
(nominal conditions), Kj, Ky the current and voltage temperature
confidents respectively, G is the irradiance and G, is the
irradiance at nominal conditions, lsn ,Voon are the short
circuit current and open circuit voltage respectively at nominal
conditions and AT is the difference between the actual and the
nominal temperatures in Kelvin’s.

Figure. 2 shows the MATLAB/SIMULINK PV model:

Fig. 2 PV model in Simulink.

I11. MPPT USING FUZZY LOGIC CONTROL FLC

Recently fuzzy logic controllers have been introduced in the
tracking of the MPP in PV systems [11]. 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 [11, 12]. In
most of the fuzzy-based MPPT algorithms, the optimum point
is tracked after computing the slope of the power-current
characteristic and the slope change. It is a non-linear control
method, which attempts to apply the expert knowledge of an
experienced user to the design of a fuzzy-based controller,

generally, as shown in Fig.3 The fuzzy logic method generally
consists of three stages [11, 13, 14]:
e The fuzzification : maps crisp values into input fuzzy

sets;

e The rules: define by using a set of IF-THEN
statements;

e  Defuzzification : maps output fuzzy values into crisp
values.
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Fig.3 General diagram of a fuzzy controller [15].

The proposed system in this paper consist of two input
variables: irradition (G) and the voltage (V), and one out
variable: duty cycle (D), as shown in Fig. 4 [11].
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Fig.4 fuzzy controller diagram with inputs and output [11].

These variables are expressed in terms of linguistic variables
or labels such as PB (Positive Big), PM (Positive Medium), PS
(Positive Small), ZE (Zero), NS (Negative Small), NM
(Negative Medium), NB (Negative Big) using the basic fuzzy
subset. Each of these acronyms is described by a given
mathematical membership function [16].

The structure of Fuzzy logic control network is shown in
fig.5.
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Fig.5 FLC controlled PV.

IV.SIMULATION RESULTS AND DISCUSSION

The complete system is to be simulated using the
MATLAB/SIMULINK, and by varying the operating conditions
(solar irradiance and temperature), The PV array is composed
of (5x2) series and parallel modules respectively with a total
output power of 1kW.

Table I Shows the simulation parameters for the proposed
system.

TABLEI. SIMULATION PARAMETERS
Quantity Value
Grid voltage 440V
Frequency 60 Hz
Switching frequency 1kHz
DC link capacitor C ImF
DC link Voltage 400V
Converter inductance 0.0385
H
Converter Capacitor 0.04F
Sampling period 1uS

The Parameters of the PV model used in this paper are
adjusted according to a real PV module (KC200GT)
manufactured by KYOCERA.

TABLE II. KC200GT MODULE PARAMETERS
Quantity Value

I max power 7.61A
V max power 26.3V
P max 200.143 W
I short circuit 8.21A
V open circuit 329V
I leakage 9.825x107" A
I photovoltaic 8.211A
Diode ideality constant 1.3
(a)
Parallel resistance 415.4068)
Series resistance 0.221Q

By comparing the KC200GT datasheet I-V curves at
different values of solar irradiance and temperature with the
one’s obtained by the MATLAB model, shown in Figures 6, 7,
8and 9, Itis very clear that the curves obtained by the model are
almost identical to the one’s found in the module data sheet
which proves that the model is reliable.

IRRADIANCE: AM1.5, 1kW/m?
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Fig. 6 V-1 characteristics at constant irradiance 1000 W/m? and various
temperatures found in KC200GT data sheet.
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Fig. 7 V-1 caharacteristics at constant irradiance 1000 W/m? and various
temperatures obtained by MATLAB.
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Fig.8 V-1 characteristics at constant temperature 25°C and various irradiances
found in KC200GT data sheet.
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Fig.9 V-I characteristics at constant temperature 25°C and various irradiances
obtained by MATLAB.

The system is operated with the proposed Fuzzy Logic
control system to control the duty cycle of the Boost converter,
Fig.9 shows the results in this case.
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Fig.10 System with ANN MPPT (a) Temperature (b) Irradiance (c) PV
output Power (d) PV terminal voltage.

V. CONCLUSION

This paper presents a complete controlled photovoltaic
system. The peak power tracking capabilities of the proposed
scheme based on Fuzzy Logic FLC based maximum power point
tracking controller is demonstrated through simulated results.
The simulated results show that the FLC based controller in its
maximum power point tracking performance excels, showed
faster response gave accurate results.
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