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ABSTRACT: Extract of maximum power from photo voltaic (PV) system employing with fuzzy logic controller (FLC) based
MPPT technique is investigated in this article. Fuzzy is a expert supervisory control algorithm system, provides satisfied
acceptable results from PV. Maximum/lower power point tracking (MPPT/LPPT) approaches are adopted to get maximum
output power from the PV irrespective of variation in its input source (Solar irradiation and temperature). The performance
results have been investigated in MATLAB/Simlink package for different conditions. From the simulation results it is evident
that proposed fuzzy control algorithm works well compared to the other traditional MPPT techniques.
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I. INTRODUCTION:

Since a decade power generation through renewable energy sources are rapidly growing because of its humerous
features such as free from green house problems, environmental friendly, and no acid rain and doesn’t create any
problem to ozone layer. Various types of RES are available like solar, wind, geothermal and wind etc, in these solar
is more dominant to adopt distribution power generation because it doesn’t contains rotating parts to generate
power [1-4].

Power generation is available in different source like hydro, thermal, geo thermal, nuclear etc.., these
power generations inserting various gases in the air and polluting environment much. This problem mainly
overcomes by solar power generation. A PV cell converts light energy into electricity without having mechanical

(rotating) parts. Because of absence of rotating parts solar power generation has less loss [5-10].

The field of solar Photovoltaic (PV) has been growing very fast and it is expected to grow further, possibly
with higher rate. Worldwide, the production of PV modules is increasing. During 2014, the worldwide production

of PV modules was about 40,000 MW. As the cost of PV modules going down, the electricity produced using solar
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PV is becoming cheaper and many scenarios it is becoming economically viable alternative supply. Worldwide

many governments have been announcing policies to support growth of solar PV technologies.

The main focus of this article is demand for the electrical energy increasing every day, and the availability of
fossil fuel sources declining day by day, this made me to think about alternative energy source solar energy by
using MPPT and FLC controller. A lot of research is being going on this area, but still the effective utilization of
solar energy is not happening. This thing motivates me to work on extract maximum power from the solar cell, and
to connect the solar cell effectively to the grid, and to contribute my way of thoughts towards the power quality

improvement of the system, when a solar cell is connected to the grid.

I PHOTOVOLTAIC SYSTEMS

SECS systems are majorly divided and discussed into two ways [] i.e. Stand-alone PV frameworks and
grid-integrated PV frameworks, its sub categories are described in below figure. The main difference between this
systems are, in stand-alone systems production of solar output power is equal to the load demand. Where grid
connected PV systems are involves direct power generations at domestic or industrial. The classification of PV
systems are shown in figure.1
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Figure 1 Classification of PV systems

A.PV CELL

The general PV cell is representing below fig.2, generally the power generating From PV cell is
depending upon the solar irradiation based on this irradiation only we can generate the power Fig.2 demonstrate

the operation of a PV cell the p-n homo junction cell is utilized [16-19].
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Figure 2 Structure of a PV cell

During night period PV cell is behaves as similar to diode. Current through diode is expressed as
v
i=1 e -1

To produce more electricity more countable no.of PV cells connected in series or parallel
combinations. The typical layout of 36 or 72 PV cell connection is shown in fig.3.
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Figure 3 Structure of a PV module
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B. PV ARRAY:

PV array is defined as interconnection of ‘n’ no. of PV module in a single plane. This mountain highly
required to produce sufficient electrical power form sun light. The range of PV array rating is hundred watts or
fractional kilowatts. The schematic or typical layout of PV array is represented in fig.4, where 4 PV modules are
connected in series to reach power demand. Voltage and current production when ‘n’ no.of PV modules are
connected in series mathematically it is given as

Vseries = 2j=1Vi=Vi+ Vot . +V,

Vseriesoc = ?:1 V} = Vocl + Voc2 T + Vocn for1=0
Iparallel = Z?:l Ij =L+L+ . +1,

Voaratiet =Va =Va = oo =V

Generally PV array’s have bypass diodes to reduce over voltages in the SECS system. Because of presence
of bypass diodes overall system cost is increase.

Figure 4 Typical layout of PV array

C. PV-HYBRID SYSTEMS

The PV hybrid systems with loads are including power electronic switching components are shown below
figure.5.
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Figure 5 Hybrid stand-alone PV frameworks

D. PV CELL MODEL

Ideal PV cell is characterized with a current source in parallel with a diode, and series resistance and a

shunt resistance. Where series and shunt resistances are controls the power production [18-19].

R
5 I

AMN——

|1p Lh +

Iph D Wi Ry} v

Figure 6 schematic diagram of PV Cell

The load current (1), mathematically expressed as

1 1 lex (V+RI) L V+RI w
R R T R, '

Where
Iph =PV current
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Rse and Rsh are the series and shunt resistors of the cell correspondingly.
Is = Diode reverse saturation current

g = electron charge
V = voltage across diode terminals

K = Boltzmann's constant

T = temperature across junction

N = Diode ideality factor.

111 DC-DC CONVERTERS IN PHOTOVOLTAIC SYSTEMS:

One traditional technique for performing power transfer from a definite dc source to a definite dc load is by
utilizing switched-mode dc-dc converters. Here, the power transfer is on the basis of switching action, where the
energy is occasionally stored into magnetic fields and subsequently released to load using controllable switches.
On employing switched-mode conversion, there becomes greater possibility in obtaining higher conversion
efficiency, as the required quantity of power demanded by the system load is consumed from the corresponding
system source. If possible, this shall result in a lossless conversion. But, numerous loss mechanisms decrease the
efficiency, and characteristically switched-mode converters attain conversion efficiencies around 80 to 98
percentage, depending on the conversion type and power level. An alternate technique for obtaining dc-dc
conversion is to exploit linear regulators. Linear regulators will not contain switching elements, but the operating
principle is on the basis of dissipating additional power that is not necessary by the load into heat. Alternatively,
linear regulator operates as a controllable resistor either in series with voltage source or in parallel with current

source.

J‘?Tf-f T + I
U. <_t> CU[JR A Dé\k\ R

(a) Series regulator (b) Shunt regulator

Figure 7 Linear regulator types for boost converters for a photovoltaic system

Because of the lack of switching actions, linear regulator is only able to deliver power transfer from high to low
voltage levels or from high to low current levels. The characteristic advantage of linear regulator is its simplicity

in designing, because of operational principles and lesser quantity of electrical noise in comparison with
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switched-mode converters. As a result, linear regulator is typically employed in applications that require low-
noise power supply, like high fidelity audio systems. Figure 4 shows the linear regulator categories that are

employable in boost converter for photovoltaic systems.

The last phase towards power conversion chain is grid- connected inverter that allows power transfer from
dc sources into ac loads, functioning over analogous switching actions with that of dc-dc converters. For feeding
distortion-less current to ac grid as uttered by the grid regulation codes, the traditional VSI-type2 inverter
necessitates that the input voltages to be greater than the peak value of the grid voltages. Considering one inverter
that is connected with one 230-V single-phase grid, then the needed input voltage is characteristically 350-V,
however for three phase inverters connected with 400-V grids, the input voltage is to be 700-V. This limitation
towards input voltage levels that is fixed by the inverters shall be rectified by either connecting adequate quantity of
PV units into a string or by employing dc-dc converter. These kinds of organizations are frequently employed in
high-power PV power plants because of reduced quantity of power conversion stages, thereby decreasing power
loss created by multi-stage conversions. Nevertheless, more quantity of PV modules is necessary, resulting in
larger difference over MPP voltages caused by environmental conditions. The design of inverter thus becomes
highly complex, because power stages have to be calculated to tolerate larger variations in input voltage while

upholding higher operational efficiency.

IV PROPOSED SYSTEM

For any PV system, the output power can be increased by tracking the MPP (Maximum Power Point) of
the PV module by using a controller connected to a dc- dc converter (usually boost converter). However, the
MPP changes with insolation level and temperature due to the nonlinear characteristic of PV modules. Each
type of PV module has its own specific characteristic. In general, there is a single point on the V-I or V-P curve,
called the Maximum Power Point (MPP), at which the entire PV system operates with maximum efficiency and

produces its maximum output power. This point can be located with the help of MPPT.

The circuit configuration of PV system with fuzzy MPPT controller is shown in figure 8.
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Figure 8 Block diagram of proposed system

PROPOSED FUZZY LOGIC CONTROLLER:

The FLC controller uses the fuzzy logics to make the decisions and to control the output of the controller.
The main components in fuzzy logic based MPPT controller are fuzzification, rule-base, and inference and

defuzzification as shown in figure 9.

Rule Base
(k) E
—> = L % Au(k)
Ae(lo ! E -1 Inference :‘t\) g

Figure 9 Fuzzy logic block diagram

The Membership functions and rule base are designed with the help of Fuzzy Logic Tool Box in

MATLAB. The membership function graphical view for error is represented by Fig.11 .Change of error is

represented by Fig.12 and szzy logic controller duty cycle isrepresented in Fig.13.

Figure 10 Fuzzy logic Implementation in Simulation
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Figure 11 Fuzzy logic input Error (E)

Figure 12 Fuzzy logic input change of Error (CE)
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Figure 13 Fuzzy logic output (D)

Graphic view of the membership function for (a) error signal (b) change of error signal and (c) duty
cycle. Different number of subsets has been used for rule settings of fuzzy logic MPPT. In this case, seven
subsets based on forty- nine rules were used. The tuning of forty nine rules represents a better precision and
dynamic response but it is time consuming.
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SIMULATION RESULTS:

The proposed FLC based MPPT technique model as shown in the figure 14.

[P S . Sy S

FUEEY CONTROULERE

FLEY CoNTROLLEm

Figure 14 MATLAB configuration of proposed system

CASE-1 PV INPUT VOLTAGE (14V):

The simulation waveform of output voltage and current of PV, output voltage, output current and
output power across load terminals are shown in figure 15 to 19 respectively as below.

Figure 15 Vpv (PV Voltage)

Figure 16 Ipv (PV Current)
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Figure 17 Output Voltage

Figure 18 Output Current

Figure 19 Output power
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V. CONCLUSION

Fuzzy is an intelligent control algorithm based system works faster than conventional MPPT
approaches such as P&O, IC and modified few MPPT approaches. In this, the MATLAB/Simulink model of
FLC based MPPT technique presented with desired output voltages and output currents. From the simulation
results it is well known that the proposed PV system becomes more efficient when aMPPT controller FLC is
included added in the system. By selecting the number of membership functions, it has been proved that MPPT
will follow the exact MPP point and thereby the overall efficiency of the photo voltaic system can be

improved. In the future, the designed model can be implemented in hardware setup with digital controllers.
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