\OREAPAEE International Journal of Scientific Research & Engineering Technology (IJSET)

Design of a Fuzzy Logic Controller
For PV Applications

L. Rachedi”', C.Fetha™ , T Bahi”*® and H. Bouzeria”*

Dept.of Electrotechnic, Engineering Science Faculty
"2 Hadj Lakhdar university of Batna
Batna, Algeria

‘nouflot@yahoo.fr -

? cfetha@yahoo.fr -‘bhamza23000@gmail.com

Dept. of Electrotechnic Engineering Science Faculty
" *Badji Mokhtar university of Annaba
Annaba, Algeria
*tbahi@hotmail .com

Abstract— this paper presents a new smart method of peak
power point tracking for photovoltaic systems based by Design
Fuzzy Logic Controller (FLC) for DC-to-DC Converters. The
proposed FLC controller is based the fuzzy control algorithm
and able to robust control and the response characteristics of
FLC method according to the environment variation. The design
of fuzzy controller modeled using Matlab/Simulink, with The
Converter models for simulation are designed for the boost and
buck modes of PV system .The results are analyzed and
compared to those of the expected ideal operation to confirm the
validity of the models.
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I. INTRODUCTION

The photovoltaic panel is a power source whose parameters
depend on some external factors like incident light angle,
shading, ambient temperature etc. The Photovoltaic systems
are always associated with some control and power
electronics. Generally, more complex power electronic
converters are needed in order to adapt the electrical
frequency and voltage level to the planned use. In addition,
the rational use of photovoltaic systems is possible only in
association with power electronic converters in order to adjust
the voltage of the photovoltaic array to the maximum power
point independently of the output voltage of the system [1].
According to this position, the power transferred to the load
can be only a fraction of the power that panel can supply at
MPP. To correct this unbalance and prevent the associated
lose of usefully power, some methods, generically named
MPPT (Maximum Power Point Tracking) are used. A DC-to-
DC converter serves the purpose of transferring maximum
power from the solar PV module to the load. A DC-to-DC
converter acts as an interface between the load and the PV
module as shown in Figure 1. By changing the duty cycle the
load impedance as seen by the source is varied and matched at
the point of the peak power with the source so as to transfer
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the maximum power [2]. The purpose of this paper is to study
and compare advantages, execution efficiency for two type of
DC-to-DC converter; boost converter and buck converter are
most traditional converter used with MPPT methods,
including fuzzy control Design methods. The FLC Method of
MPPT is described here.

Matlab/Simulink is used in this paper to implement the
modeling and simulations tasks, and to compare execution
efficiency for the selected MPPT methods.

Fig.1 Chain of photovoltaic’s with DC / DC converter controlled by an MPPT
control of DC load

II. PAGELAYOUT

The operation of a photovoltaic module is described by the
"standard" model with a diode, established by Shokley for a
single PV cell is generalized to a PV module by considering it
as a set of identical cells connected in series or in parallel [3].
It takes into account not only the loss of tension expressed by
the series resistance Rs, but also leakage currents expressed by
a parallel resistance Rp (Fig.2).

The current-voltage characteristic describing the operation
of the above circuit is given by the equation:
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Where:

Ip;: photo current;

I, reverse saturation current of the diode;
m: ideality factor of the diode, m=1 ... 5;
Vr: thermal voltage;

K: Boltzmann constant;

T: absolute temperature, [T] = K (kelvin);
e: charge of an electron.

.. Rs |
A

Q0

Id Ip

5 V'
e

(Dlph vd D

Fig.2 Equivalent circuit model of a PV cell with a diode

La figure 3 illustre de schéma bloc du programme en
Simulink du modéle de la cellule PV.
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Fig. 3 Model Simulink de la cellule PV

For a PV module with I-V and P-V output characteristics
of generalized PV model for a cell. The nonlinear nature of
PV cell is apparent as shown in the Fig.4 and fig. 5; the output
current and power of PV module depend on the cell’s terminal
operating voltage and temperature, and solar isolation as well.
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Fig.4 Simulink model I-V and P-V curves which is influenced by insolation
when the cell temperature is constant at 25°C
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Fig.5 Simulink model I-V and P-V curves which isinfluenced by
cell temperature when the insolation is constant at 1000 W/m?

[II. DC-DC CONVERTERS

In most common applications, the MPPT is a DC-to-DC
converter controlled through a strategy that allows imposing
the photovoltaic module operation point on the Maximum
Power Point (MPP) or close to it. On the literature, many
studies describing techniques to improve MPP algorithms
were published [4], permitting more velocity and precision of
tracking. On the other hand, there is no a theory to guide the
designer to choose, among the DC-to-DC converters family,
the best one to operate as MPPT, thus, in most cases, the
designers are tempted to use the simplest DC-to-DC
converters — namely buck converter or boost converter[5]-[6].

A. The Buck Converter

The buck converter (Fig. 6) can be often found in the
literature as the step-down converter. This gives a hint of
its typical application of converting its input voltage into a
lower output voltage, where the conversion ratio M =
Vo/Vi varies with the duty ratio D of the switch [7].

i Lot 7D Loz Vo

Fig.6 Ideal buck converter circuit
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B. The Boost Converter

The boost converter, as shown in Fig. 7, is also known as
the step-up converter. The name implies its typical application
of converting a low input-voltage to a high output-voltage,
essentially functioning like a reversed buck converter [8].
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Fig.7 Ideal boost converter circuit

IV. MAXIMUM POWER POINT TRACKING

Maximum Power Point tracking controller is basically used
to operates the Photovoltaic modules in a manner that allows
the load connected with the PV module to extract the
maximum power which the PV module capable to produce at
a given atmospheric conditions .PV cells have a single
operating point where the values of the current and voltage of
the cell result in a maximum power output. With the varying
atmospheric condition and because of the rotation of the earth,
the irradiation and temperature keeps on changing throughout
the day. So it is a big challenge to operate a PV module
consistently on the maximum power point and for which
many MPPT algorithms have been developed [9]. The most
popular among the available MPPT techniques is fuzzy
method.. The aim of the present work is to develop the
simulink model of fuzzy MPPT controller has introduced on it
to improve its overall performance [10].

A. Fuzzy Logic Controller Design

The fuzzy algorithm can make human knowledge into the
rule base to control a plant with linguistic descriptions. It
relies on expert experience instead of mathematical models.
The advantages of fuzzy control include good popularization,
high faults tolerance, and suitable for nonlinear control
systems. A fuzzy controller design has four parts,
fuzzification, control rule base, fuzzy inference, and
defuzzification. The block diagram of the fuzzy control
system is shown in Fig. 7[11].
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Fig.8 Block diagram of the fuzzy control.

1) Fuzzification: which converts controller inputs into
information that the inference mechanism can easily
uses to activate and apply rules.

2) Rule-Base :(a set of If-Then rules), which contains a
fuzzy logic quantification of the expert’s linguistic
description of how to achieve good control.

3) Inference Mechanism: (also called an -inference
enginel or —fuzzy inferencel module), which
emulates the expert’s decision making in interpreting
and applying knowledge about how best to control
the system

4) Defuzzification Interface: This converts the
conclusions of the inference mechanism into actual
inputs for the process.

FLC has two inputs which are: error and the change in error,
and one output feeding to the pulse width modulation to
control the DC-to-DC converter. The two FLC input variables
error E and change of error CE at sampled times k defined by:

= .4 2
sy P ) 2
Vo (k)—V (k—1)
Change Error(K)=Error(k)-Error(k-1) 3)

Where P (k) is the instant power of the photovoltaic generator
The input error (k) shows if the load operation point at the
instant k is located on the left or on the right of the maximum
power point on the PV characteristic, while the input CE (k)
expresses the moving direction of this point. The fuzzy
inference is carried out by using Mamdani method, FLC for
the Maximum power point tracker. FLC contains three basic
parts: Fuzzification, Base rule, and Defuzzification.
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A.1Fuzzification A.3Defuzzification

The fuzzification stage converts real number input values A defuzzification interface converts the conclusions of the
into fuzzy values, the fuzzy inference engine processes the inference mechanism into the crisp inputs for the process.
input data and computes the control outputs using IF and
THEN rules. Figure 8 illustrates the fuzzy set [12].
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Fig. 9The Simulink model of the Fuzzification process
V. MPPT FUZZY CONTROLLER DESIGN SIMULATION

A.2Rule base )
The designed fuzzy controller can connected between PV

The knowledge base defining the rules for the desired module and DC-to-DC converter module to tracking the MPP.
relationship is between the input and output variables in terms ~ 1h€ output, voltage, current and power is the main
of the membership functions .The control rules are evaluated ~COmparison to take into consideration [13]. ' '
by an inference mechanism, and represented as a set of: Therefore the min operator in Simulink Block Library is

IF Error is ... and Change of Error is ... THEN the output will ~ used to model the input spaces of 25 rules used by FLC the
outputs of the -minl operators indicate the strength of the

The linguistic variables used are: rules in the output. ) o )

The triangular membership function is used to fuzzify the
NB: Negative Big. error and change-error. The error and change-errors are
NM: Negative Medium. mapped between -1 and +1 on the universe of discourse.
ZE: Zero. Simulation model for defuzzification and reasoning is
PM: Positive Medium. depicted [14]-[15]. Fig.12 and Fig.14 take an insolation of
PB: Positive Big. 1000 and temperature 25 as initial value.

For Buck converter with Mppt Fuzzy Control as shown in

Each fuzzy subset is represented by a triangular Fig.12
membership function as shown in the Fig.10; the Boolean
operator —minll is used for the verbal connector -andl to
simulate the input space of the rules
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Fig.10 triangular membership function Fig.12 Block simulation of Buck converter with mppt Fuzzy Control

Design
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X 10’5 Buck converter with mppt Fuzzy Control Design
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Fig.13 Output Power, current and voltage for Buck converter with fuzzy
Controller Design

And for Boost converter with Mppt Fuzzy Control as
shown in Fig.14
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Fig.14 Block simulation of Boost converter with Mppt Fuzzy Control Design
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Boost converter with mppt Fuzzy Control Design
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Fig.15 Output Power, current and voltage for Boost converter with fuzzy
Controller Design

VI. CONCLUSIONS

In this paper we are focus on comparison of two different
Converters which will connect with the fuzzy controller.
Because maximizing energy generation from solar energy has
become highly interested. One popular way to maximize the
PV generation is use of MPPT and DC-to-DC converter.The
fuzzy logic controller design on control buck converter and
boost converter by using Simulink has been successfully
achieved. It is confirmed that the DC-to-DC converter gives a
value of output voltage exactly as circuit requirement. These
studies could solve many types of problems regardless on
stability because as we know that fuzzy logic controller is an
intelligent controller to their appliances.
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