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Abstract: - Photovoltaic energy has an increased

importance in present day electrical power
applications, because it is considered as an
essentially inexhaustible and broadly available

energy resource. However, the output power
provided via the Photo Voltaic (PV) conversion
process depends on solar irradiation and
temperature. Therefore, to maximize the efficiency
of the photovoltaic energy system, it is necessary to
track the maximum power point of the PV array.
This project proposes a Maximum Power Point
Tracker (MPPT) method, based on Fuzzy Logic
Controller (FLC), applied to a stand-alone
photovoltaic system. It uses a sampling measure of
the PV array power and voltage to determine an
increment required, to have the optimal operating
voltage which permits Maximum Power Point
Tracking. This method carries high accuracy
around the optimum point when compared to the
other conventional MPPT algorithms. The proposed
system consists of a stand-alone PV system, DC/DC
Boost converters and a load .Converter regulates
voltage and current to provide a continuous
maximum power to the load. The simulation results
shows the effectiveness of the proposed fuzzy logic
controller applied for the PV system and the
simulation is done by using MATLAB.

1. Introduction

Photovoltaic cells or panels are only one way
of generating electricity from solar energy. They are
not the most efficient, but they are the most
convenient to use on a small to medium scale. PV
cells are made of silicon, similar to that used in
computer “chips". While silicon itself is a very
abundant mineral, the manufacture of solar cells (as
with computer chips) has to be in a very clean
environment. This causes production costs to be high.
The photovoltaic process is a technology in which
radiant energy from the sun is converted to direct
current (DC) electricity. The PV array has a unique
operating point that can supply maximum power to
the load. This point is called the maximum power
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point (MPP). The locus of this point has a non-linear
variation with solar irradiation and the cell
temperature. Efficient techniques requiredto track the
maximum available output power of PV systems are
called the MPPT.MPPT is an electronic system that
operates the Photovoltaic (PV) modules in a manner
that allows the modules to produce all the power they
are capable of. MPPT is not a mechanical tracking
system that “physically moves” the modules to make
them point more directly at the sun. MPPT is a fully
electronic system thatvaries the electrical operating
point of the modules, so that the modules are able to
deliver maximum available power. Additional power
harvested from the modules is then made available as
increased battery charge current. MPPT can be used in
conjunction with a mechanical trackingsystem, but the
two systems are completely different. When a
conventional controller is charging a discharged
battery, it simply connects the modules directly to the
battery. This forces the modules to operate at battery
voltage, typically not the ideal operating voltage at
which the modules are able to produce their maximum
available power. The PV Module
Power/Voltage/Current graph (Figurel.l) shows the
traditional Current/Voltage curve for a typical 75W
module at standard test conditions of 25°C cell
temperature and 1000W/m2 of insolation.

Solar Boost MPPT con-
troller operates module at
its maximum power voltage
extracting full 75W.

Conventional controller
charging at 12V only
extracts about 53W.
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Figure 1.1 Power/voltage/current curve of a 75w PV
panel.
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This graph also shows PV module power delivered vs.
module voltage. For the example shown, the
conventional controller simply connects the module to
the battery and therefore forces the module to operate
at 12V. By forcing the 75W module to operate at 12V
the conventional controller artificially limits power
production to =~53W. Rather than simply connecting
the module to the battery, the patented MPPT system
in a dc-dc converter calculates the voltage at which
the module is able to produce maximum power.

2. Photovoltaic Array System Modeling

The equivalent circuit of the PV cell is shown in
Fig 2.1.

practical PV device

Fig 2.1 Equivalent Circuit of a PV Cell

Thebasic equation from the theory of semiconductors
that mathematicallydescribes the I-V characteristic of
the ideal PV cellis

I= I_‘J‘.-‘.CEH - Ir.‘ (2.1)
Where, Iy = Iy cou[exp [;T\] —1]
Therefore,
— i [fe"-"]
I= IjJ'.-‘.r:sh' u fl}.cs“[e'\p kT -y l] (2.2

where lp, caiis the current generated by the incident
light (it is directly proportional to the Sun irradiation),
Id is the Shockley diode equation, lqcis the reverse
saturation or leakage current of the diode, g is the
electron charge (1.60217646 x 10—19 C), k is the
Boltzmann constant (1.3806503 x 10—23 J/K), T (in
Kelvin) is the temperature of the p—n junction, and a
is the diode ideality constant.PV panel is modeled as
an equivalent current source. The various equations
describing the PV panel characteristics are modeled
using suitable mathematical blocks from the
MATLAB Simulink library. The circuit model of the
PV panel is shown in figure. This simulation is done
for standard test condition (STC) when temperature is
25°C and Irradiation is 1000 W/m?.
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2.1 Parameters of the PV panel-Tata BP 1235

Open Circuit Voltage Voc | 38V

Short circuit Current Isc 19A

Maximum Voltage Vm 27.5V

Maximum Current Im 1.35A
Maximum
Power
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Fig 2.6 P-V Characteristics of a 36W Solar Panel

3. Maximum Power Point Tracking Control
and DC-DC Boost converter

The role of the MPPT is to ensure the
operation of the PV generator at its MPP, extracting
the maximum available power. However, their losses
have to be small enough to improve the efficiency of
the overall system. This could increase the gap
between the PV peak power voltage and the voltage at
which they are forced to operate in a system without a
peak power tracking. Theoretically, it is foreseeable
that a MPPT would yield the most impressive gains in
cold weather because that would raise the PV array’
peak power voltage point well above the usual battery
operating voltage. Fig. 6 shows the general block
diagram for a charge batteries system, with MPPT,
using a generic DC/DC converter.This one is
connected to the PV generator, a battery and a load
profile (such as a resistance, DC/DC motor).[4] The
main objective is to obtain the maximum power from
the PV generator for the first load batteries stage. That
is to say, when the batteries are fully or partially
discharged, in some state of charge less than 100%,
then it is necessary to control one/or some of the
input/output following variables.
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Fig 3.1 Block diagram of solar panel with MPPT
The main components in fuzzy logic based MPPT
controller are fuzzification, rule-base, and inference
and defuzzification as shown in Fig. 3.2.[4] The input
variables to the controller are the change in PV array
power (APpv) and change in voltage (AVpv) whereas
the output of the controller is the step change of boost
converter Voltage reference (AVref). This is used to
drive the boost converter to maximize the output from
solar PV panel.

Rule Base

va_' Fusgfieation | ) [nfarence || DERRIMGRION | \paf
Vpv—
The proposed FLC measures the PV array

characteristics and then perturbs the operating voltage
by an optimal increment (AVpv,ref) and the resulting
PV power change.[5] The power variation (APpv)is
either in the positive direction or in the negative one.
The value of (APpv) can also be small or large. From
these judgments, the reference photovoltaic voltage
variation (AVpv,ref) is increased or decreased in a
small or respectively large way in the direction which
makes it possible to increase the power Ppv. The
control rules are indicated in Table 3.1 with (APpv)
and (AVpv) as inputs, while (AVpv,ref) represents the
output. These inputs and output variables are
expressed in terms of linguistic variables (such as BN
(big negative), MN (means negative), SN (small
negative), Z (zero), SP (small positive), MP (means
positive), and BP (big positive)). From these linguistic
rules, the FLC proposes a variation of the reference
voltage AV according to Egs. (3.1-3.2).wherePpv[K]
and Vpv[K] are the power and voltage of the photo-
voltaic generator at sampled times (k), and Vpv,ref[k]
the instant of reference voltage.[2]
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Table 3.1 FUZZY RULE TABLE

AVpWAPpv [NB | NS |Z |PS |PB
NB NB |[NB |[NB |NS |Z
NS NS [NS [NS |z |z
z Z |z [z [Ps |Pps
PS Z |z [Ps [Ps |Ps
PB Z |ps |[PB |[PB |PB

PV =VE* 1y (3.1)
A PX,= PX, - PR, (3.2)
A VE= VA~ VR, (3.3)

4. Simulation Results

The input to the controller is voltage and
power signals from the PV panels which are analog
signals. The output from the controller is PWM pulses
of varying duty cycles. This fuzzy logic based
controller is connected with solar PV panel as a closed
loop system. This closed loop system is maximize the
solar panel PV power output.

Fig 4.1 Integrated PV Panel with Fuzzy based MPPT
Controller using MATLAB
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Fig 4.2 MATLAB simulated Maximum Power Ouput
with Fuzzy based MPPT controller

5. Conclusion

In order to improve the efficiency of PV
systems, under different temperature and irradiance
conditions, intelligent control techniques for the
tracking of the maximum power point were
investigated in this paper. The design and simulation
of a fuzzy logic based MPPT controller was proposed
usingg MATLAB. They achieved very good
performances, fast responses with no overshoot and
less fluctuations in the steady state, for rapid
irradiance and temperature variations. This means that
these controllers are able to maintain very rapidly the
operating point of the PV systems at the maximum
power point hence improving the amount of energy
effectively extracted from the PV modules, i.e.
increasing the efficiency of the PV system.
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