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ABSTRACT

A new simple fuzzy method used for tracking the maximum power point tracker
(MPPT) for photovoltaic systemsis proposed. The input parameters AP and duty cycle
D are used to generate the optimal MPPT under different operating conditions, The
photovoltaic system simulated and constructed by photovoltaic arrays, a DC/DC boost
converter, a fuzzy MPPT control and a resistive load, The Fuzzy control law designed
and the results in a ssimulation platform will be presented and compare to Perturbation
and observation (P& O) controller.
Keywords. Photovoltaic, fuzzy control, Perturbation and observation algorithm (P& O),

maximum power point.

1. INTRODUCTION

Many maximum power point tracking (MPPT) techniques for photovoltaic (PV)
systems are well established in the literature, starting with simple techniques such as
voltage and current feedback based MPPT to more improved power feedback based
MPPT such as the perturbation and observation (P& O) technique or the incremental
conductance technique Recently intelligent based control schemes MPPT have been
introduced.
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In this paper, an intelligent control technique using fuzzy logic control is associated to

an MPPT controller in order to improve energy conversion efficiency.

Principle of maximum power point tracking control

The maximum power point tracking (MPPT) method is simple and it is based on the
relationship that exist between the load voltage and the open-circuit voltage of PV panel
Thus, when a direct connection is carried out between the source and the load, the
output of the PV module is seldom maximum and the operating point is not optimal [1].
To overcome this problem, it is necessary to add an adaptation device, MPPT controller

with a DC-DC converter, between the source and the load, (Fig. 1).
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Fig.1. Basic structure photovoltaic system Solar

array mathematic model

The equivalent circuit model of a solar cell consists of a current generator and a diode
plus series and paralel resistance ,The mathematical equation expressing the output

current of single cell isgiven as Eq. (1)
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Fig.2. Equivaent circuit model of PV
cell.

The adaptation of the Eq.1 to other levels of radiation and temperatures gives:
| =14 +Al
V.=V, +AV
Where

E E
Al =a(—)AT +(—-1Dlcc
(EAT+(—-D

ref ref
AV = —-bAT — RsAl

With:@ isthe coefficient of variation of the current with the temperature

b isthe coefficient of variation of the voltage with the temperature

AT =T-T,
where: T is the temperature of the module

T isthe reference temperature

The photovoltaic cell array

The fundamental power conversion unit of a PV system is the ‘solar cell’. For
practical use, they are usually assembled into modules. About 36 cells are typically
interconnected in series in order to give a charging voltage for a 12V battery. For high
power requirement, the modules are interconnected in series/paralel to form a DC
power producing unit array known as generator, The main characteristics which
characterise a PV generator are shown in Fig.3 and it is clearly seen that the -V output
characteristic of a PV module is highly non-linear. It behaves as current source for the
low voltage zone and as a voltage source in the high voltage zone. The output power in
these regionsis far below the optimal values which could be generated if the solar array
works around the knee of the I-V characteristic. The characterizing rated values of an

array are the short circuit current, open circuit voltage and maximum power as a
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function of temperature and irradiance. Typical characteristics are shown in Fig.3. for a

two parallel-ten series PV module [7].
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Fig.5. PV array voltage- power at different Fig.6. PV array voltage- current at different
irradiance and temperature levels irradiance and temperature levels

Boost converter

A boost converter is simply a particular type of power converter with an output DC.
This type of circuit is used to ‘step-up’ a source voltage to a higher, regulated voltage,
allowing one power supply to provide different driving voltages. The basic boost
converter circuit consists of only a switch (typicaly a transistor), resistance, an
inductor, and a capacitor [10].

The specific connections are shown in figure 9.
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Fig.9. Boost converter

Applying Kirchhoff’s rules around the loops, it can obtain the ideal mathematical model

of this circuit:

L% =V -Vc(l-D)-Ri,

d\t/c Vc 3
C—=i(1-D)-—

adt R

Where i, isthe current across the inductor, Vc voltage in the capacitor Parameters. R

, L, and C are supposed to be known constants.

D isthe switch position and v isvoltage supplied by PV photovoltaic array.

The gain from the boost converter is directly proportional to the duty cycle (D), or the
time the switch is “‘on’ each cycle.

V, 1
e 4
vV 1-D )

Fuzzy logic MPPT controller

Recently fuzzy logic controllers have been introduced in the tracking of the MPPT in
PV systems [1,2,3,5] They have the advantage to be robust and relatively ssimple to
design as they do not require the knowledge of the exact model. They do require in the
other hand the complete knowledge of the operation of the PV system by the designer
The proposed FL MPPT Controller, shown in Figure 10, has one input and one output.
The FLC input variableis the error defined by:
AP(k) = P(k)-P(k-1) , Where P isthe instant power of the photovoltaic generator.

A P ischange of error P at sampled times k .

The output is defined by:
D(k) = D(k-1) + AD(k)
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Fig.10. fuzzy logic controller (FLC).

2. FUZZIFICATION

Shows the membership function of input and output variables in which membership
functions of input variablesA P, The output variableisA D,
These variables are expressed in terms of linguistic variables (such as z (zero),p
(positive), n (negative), pg (positive big), ng (negative big), using basic fuzzy subsets.
In Fig. 11, the membership functions of the input variable
A P which is assigned four fuzzy sets.
The membership functions are denser at the center in order to provide more sensitivity
against variation in the PV array terminal power.
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Fig.11. The membership function of input  Fig.12. The membership function of output

Fig.12. shows the membership functions of the output variable AD which is assigned

four fuzzy sets.
The Fuzzy Rule Algorithm

The fuzzy rule algorithm includes 4 fuzzy control rules. These rules are used for the
control of boost converter (tracker) such that maximum power is achieved at the output

of the solar pandl.
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Table 1. Rule base table for the fuzzy logic controller

AP n nz |[(pz |p
AD ng N P pg

The incremental change in the controller output for a typical fuzzy controller is
determined by the rules of the form:
IfAPis.. THENDs ...

Defuzzification
The fuzzy inference is carried out by using Madani’s method, (Table 1), and the
defuzzification uses the centre of gravity to compute the output of this FLC which isthe
duty cycle:
2.M(D;)-D;
D=12—
>.mD)
j=1

The control rules are indicated in Table 1 with AD and AP asinputsand A DC as

the output.
P& O controller

The principle of this controller is to provoke perturbation by acting (decrease or
increase) on the PWM duty cycle and observing the effect on the output PV power.
when P(k-1)<P(k), the voltage isincreased .
when P(k-1)>P(k), the voltage is decreased.
This is done through to ssimulate this P& O agorithm, a boost chopper, as a DC-DC
converter which is described by the equations (3),is used [4].
The parameter D indicates the duty cycle of this chopper, which is the closing time of
the switch over one period. The results of ssimulation for different tests obtained with the
P& O algorithm are presented in section 8.
Figure 13 shows the functional diagram of the simulated photovoltaic system. The DC-
DC converter is the boost chopper of figure 6. The previous MPPT controllers FLC

were simulated under the following tests:
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Fig.13. Flowchart of the Perturb and Observe method.

Simulation of the P& O and fuzzy logic
Simulation has been performed when solar illumination changes from 1000 W/m? to
200 W/m? and temperature changes from 100 C" to 0 C’ s can be seen in Fig. 14.
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Fig.14. The change of solar illumination and temperature in simulation

From Fig. 15, Fig .16The result of simulation obtained at of the system based on MPPT
with fuzzy control and with P& O the irradiation and temperature used are variable and
The load is considered constant (R=200 ). The average output power of the PV array,
indicating values in the region of maximum power, according to the curves shown in
Fig. 7.
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Fig.15. The output power, duty
cycle, voltage and current of PV
array based on MPPT with fuzzy

control.
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Fig.16. The output power, duty
cycle, voltage and current of PV
array based on MPPT with P&O.

From Fig. 17, compare to variable P&O MPPT method, it can be known that fuzzy

control MPPT agorithm can fast track MPP in voltage, current, and power sides. So

the fuzzy control MPPT method is able to improve the dynamic and steady state

performance of the PV system simultaneously. MPPT fuzzy logic controllers have been

shown to perform well under varying atmospheric conditions both solar illumination

and temperature.
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Fig.17. Zoom and compare ,The output power, duty cycle, voltage and current of PV array
based on MPPT with fuzzy and P& O control when illumination changes from OW/m? to 1000
W/m? and temperature from 0 C° to 100 C°.

3. CONCLUSION

This paper presents a novel method for maximum power point tracker using fuzzy
control, and compare to P& O method. The input parameters of the fuzzy control is the
change of output power and the output is the change of duty cycle for used to
generate the optimal MPPT under different operating conditions, The method resents
very good results, the control algorithm gives fast convergence and robust performance.
The array considered in this study is a 10 series and 2 parallel connected modules type

AEG.40 the parameters of solar module are summarized in table 2.

Table 2. Electrical characteristics of modules type AEG.40

Electrical Characteristics

Open-circuit voltage 224V
Short-circuit current 241 A
Series resistance 0.45€2
Temperature coefficient of lcc a (% C°) 0.06
Temperature coefficient of voltage b (% C°) 04

The simulation has been done with a ODE 3, fixed-step solver with a step size
of 1x10*S.
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