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ABSTRACT

paper presents a fuzzy logic controller (FLC) used as a maximum power point tracker(MPPT) of a line commutated inverter in
a photovoltaic (PV) grid connected system, under variable irradiance conditions. The purpose is to find the relationship
between the maximum power point (MPP) and weather parameters and track the MPP and transferring the maximum power to
utility grid. The design of control rules were found by genetic algorithms (GAs) to modulate the firing angle of the inverter for
tracking the MPP. Simulation results prove the superior tracking efficiency of the fuzzy controller optimized under variable
parameters.
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1 INTRODUCTION

As the world energy demand will increase up to 53% by
2035, the usage of renewable energy has been steadily
increasing over the past few years to help solving acute
problems of energy and environmental concerns especially
global worming[1].Among the available renewable sources,
solar energy is one of the most promising nowadays. The
international energy agency (IEA) estimates that by 2050,
photovoltaics (PV) will provide around 11% of global
electricity production and would avoid 2.3 Gt of CO2
emissions per year [2]. Solar arrays used to convert sunlight
into electricity (photovoltaic or PV arrays) scale every well
from very small sizes for calculators to very large sizes
used in centralized power plants. Another benefit of solar
energy is that the PV arrays contain no moving parts and
can last several decades before needing to be replaced [3].

In the other hand PV generation systems have two major
problems, the conversion efficiency of electric power
generation is very low (from 12% in ordinary units up to a
maximum of 42.8% in very special setups), especially
under low irradiation conditions, and the amount of electric
power generated by solar arrays depends on many extrinsic
factors, such as isolation (incident solar radiation) levels,
temperature, ageing and load conditions [4].In this
environment, maximum power point tracking (MPPT)
controllers are becoming an essential element in PV
systems.

Many tracking control strategies have been proposed

among them constant voltage method [5] perturb and
observe (P&O) method [6], the incremental conductance
method [7] etc. The P&O MPPT algorithm is mostly used,
it is relatively simple to implement, but it cannot track the
MPP when the irradiance changes rapidly; and it oscillates
around the MPP instead of directly tracking it. All these
conventional strategies cannot track the MPP in fast
changing of environmental conditions.

In [8] the FLC improves tracking performance when
compared with the conventional method P&O, then the
FLC is compared to the optimized fuzzy logic MPPT
controller, this OFLC showed much better performances
and robustness. It has not only improved the response time
in the transitional state but has also reduced considerably
the fluctuations in the steady state under different
temperature and irradiance conditions.

The emphasis of this paper is concerned with the design of
an advanced maximum power tracking controller which is
achieved by implementation of genetic fuzzy control
techniques. The genetic algorithm scheme is adopted to
extract the best fuzzy rules of the FLC for a power grid
connected system for any variation of the solar radiation at
a constant temperature.

The paper is organized as follows: in section 2 a brief
description of the photovoltaic grid connected system.
Section 3 presents the FLC used to control the line
commutated inverter and the application of the genetic
algorithm to tune the FLC. Section 4 presents the results
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obtained when applying the genetic FLC.

2 SYSTEM DESCRIPTION

The power conversion scheme used in the present work is
shown in Fig.1.

Figure 1:  schematic diagram of the solar power plant

The photovoltaic array is connected to the electric utility
via a dc link line-commutated inverter. The system is
controlled by a FLC automatically designed by means of a
genetic algorithm (GA) inspite of disturbances such as
changes in the solar radiation level (caused by clouds).The
objective of the control system is to maintain the maximum
power at the output of the inverter. For a given solar
radiation level and temperature the power versus voltage
characteristics is shown in fig. 2. It is seen that there is a
particular operating point at which the output power is
maximum.
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Figure 2:  Power voltage characteristics of the PV array at T=25 °C
at different solar radiation levels

The I-V characteristic of the PV array can be represented by
the following nonlinear equation [9, 10, 11, 12, 13]:
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Where:

I       PV array output current,

Rsh    PV array equivalent shunt resistance,

Isc  PV array short circuit current.

Io      PV array reverse saturation current.

Rs     PV array series resistance .

Vth   PV array thermal voltage.

The parameters of the PV array which identify equation (1)
are related to the parameters of the solar panel as follow :
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The thermal voltage Vth and the reverse saturation current
Io is successively identified by:
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To adapt equation (1) for other levels of solar radiation and
temperature we can utilize the SANDSTROM model. This
model translates the reference point (Iref, Vref) to a new
point (I, V) via equations (9) to (13):

TrefTT  (9)

screfref ISSTSSI )1/()/(  
 (10)

IRTV s 
 (11)

VVV ref 
 (12)

III ref 
 (13)

The maximum power operating point in Fig.2 is determined
for different solar radiation levels S using least square
method. It is represented by the following polynomial,
assuming constant cell temperature (25co).

6795.95633.00002.0 2  SSPref (14)

3 GENETIC FUZZY SYSTEM

3.1 FLC Design

An incremental fuzzy logic controller, is proposed to the
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solar power plant. The error E is defined as the difference
between the reference power delivered by the PV array Pref
and the output power of the inverter Pout. The error and its

increment  E are considered to be the inputs for the fuzzy

controller and the output variable  is the increment to
the control signal.

The complete control scheme is depicted in Fig. 3

Figure 3:  Control scheme for the photovoltaic power plant

Error )()()( KPKPKE outref   (15)

Cange of error )]1()()(  kEkEkE (16)

Change of control signal      1 kkk  (17)

K: Time instant

The membership functions used in the present paper are
assigned using the following 7 basic fuzzy subsets.

Where N, Z, P, NB, NM, NS, ZE, PS, PM, PB are :
Negative, Zero, Positive, Negative Big, Negative Medium,
Negative Small, Zero, Positive Small, Positive Medium,
Positive Big.

 Figure 4: Membership function of 

3.2 Design procedure

This section attempts to describe the genetic fuzzy rule base
generating process used here, with membership functions
previously defined.

3.2.1 coding of fuzzy rule base

The rules are coded by integer numbers that represent the
index of fuzzy sets (from 1 to 7) that appear in the
consequent part of the rule.

The chromosome that represents this fuzzy rule set has a
size of 21 and it is shown in Fig. 5.
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 Figure 5:  Coding of fuzzy rule bases

3.2.2 Initial population

The initial population is randomly generated. It is formed
by a limited set of chromosomes encoded as indicated
previously, and then it will be evolved by modifying some
selected chromosomes by crossover and mutation.

3.2.3 Fitness function

The fitness function is defined by the best fuzzy rule base
which gives the minimum value of error E.

   FLCevaleefitnessE  ,   (18)

3.2.4 Genetic operators

We have utilized in this work: one point crossover, standard
mutation and elitist selection.

3.2.5 Stopping condition

In this work we have used the maximum number of
generations as the stopping condition.

4 RESULTS  AND DISCUSSION

In our case we have taken for any solar radiation a table of
rule base, for example for S=100W/m², we have:

Table 1: final rule base in tabular form for solar radiation
S=100W/m².

N Z P

NG ZE PG NM

NM NG PM PG

NP ZE NG NG

ZE NP NG NG

PP NP ZE ZE

PM ZE ZE PG

PG NP PP NG
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Figure 6: Comparison between  reference power

and the output power.
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Figure 8: Optimal firing angle alpha
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- Test of robustness:

 (19)

For any temperature a table of rule base, for example for
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T=25°C we have the following table:

Table 2: final rule base in tabular form for a temperature T=25°C

e

 e

N Z P

NG PG ZE PM

NM PP NP ZE

NP NP PG NG

ZE PM PP NM

PP ZE NP NM

PM ZE NP ZE

PG NG ZE NG

Figure 10: Comparison between reference power and output one

The photovoltaic system has been simulated on a PC using
the Matlab software and its toolbox packages.

In fig. 6 it is clear that the two profiles, Pref and Pout  are
very close which insure the complete utilization of the
available photovoltaic energy. Fig. 7 shows the tracking
error it is very low. Fig. 8 shows the optimal firing angle as
a function of the solar radiation it is in the interval [95 165].
Fig.9 shows the system efficiency which can be evaluated

by calculating the power ratio   between the output power
and the reference one, it represents the maximum power
that can be generated at the output of the inverter under
given conditions, it is given as follows:

(%)100
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The power ratio is evaluated  =99.99% we have neglected
the losses of energy caused by commutation process.

In fig 10 a satisfied result is obtained for any change of

temperature with a power ratio = 99.96% witch improves
the robustness of the OFLC.

The genetic fuzzy controller led to high performance with
fast response and robust control.

5 CONCLUSIONS

In this paper, optimized fuzzy logic controller (OFLC) is
introduced to improve the efficiency of   PV systems under
variation irradiance and temperature conditions. Genetic
algorithms were used to obtain the best rule bases as it is
complicated to be achieved by the designer for any
variation of solar radiation at a constant temperature.
Simulation results prove that the using of the proposed
OFLC  lead to inject the maximum PV power into the
electric grid with satisfactory performance (robustness,
tracking speed, small oscillations ) which gives a simple
FLC structure with low cost.

In the future we will take the variation of solar radiation
and temperature in the same time.

Appendix

PV solar panel used in this study is the AEG-40 type which
has the characteristics for 1000W/m²and 25°c as follow:

Open circuit voltage = 22.4V,

     Optimum current      = 2.2A,

     Optimum voltage      = 17.45V,

Series resistance       = 0.45 Ω,

     Maximum power      = 38.4W,

Short circuit current = 2.41A.
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