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Abstract
The main objective of this paper is to do a
comparative analysis between Fuzzy Logic Controller (FLC)
and Proportional Integral (PI) Controller in a solar PV
system which is to extract maximum power from the solar
panel to supply a dc motor. The maximum power point
tracking (MPPT) algorithm is necessary for all photovoltaic
(PV) system. The Perturb and Observe (P&O) algorithm is
used to track maximum power from the solar panel. To step
up the voltage obtainable from the solar panel, the SEPIC
dc – dc converter is used. The main benefit of the converter
is having non-inverted output. The converter act as the
interface between PV module and dc motor. The entire
system is modelled and simulated using MATLAB/Simulink
2015a software.
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I.

INTRODUCTION

In recent days, energy generated from
efficient, fresh and environmentally friendly sources
have become one of the major challenges for
engineers & scientists. PV energy is getting growing
important as a renewable source due to the benefit
such as the absence of small maintenance, no carbon
emission, the absence of fuel cost and no sound due to
the absence of moving parts. Among all renewable
energy sources, solar power system attracts extra
attention because they provide outstanding
opportunity to generate electricity. The efficiency of
solar cells depends on various factors such as
insulation, spectral characteristics of sunlight,
temperature, darkness, dirt, etc [1, 2]. Changes in
insulation on panels due to quick climate changes such
as the raise in ambient temperature and cloudy
weather can decrease the photovoltaic (PV) array
output power.
The maximum power point tracking (MPPT)
controller is used to get better the efficiency of the PV
system. In which P&O and incremental conductance
are frequently used [3, 4]. Both algorithms tune the
DC–DC converter duty cycle in the PV system. For
P&O, steady-state oscillation occurs after the MPP is
reached, the perturbation continuously Changes in
both directions to maintain the MPP. DC- DC
converter can be used as switch mode regulated to
convert an unregulated dc voltage to a regulated
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output voltage [5, 6]. The set frequency PWM is used
to attain the regulated voltage and BJT, MOSFET or
IGBT are the switching devices. There are various
types of dc-dc converters, buck, boost, buck-boost,
Cuk and SEPIC [7]. A low input- current ripple is the
mainly important requirement of any DC-DC
converter used in the MPPT. SEPIC consists of boost
converter follow by the buck-boost converter [8, 9].
The main benefit of this converter is capable of
providing a non-inverted output (the output and input
have the same polarity). Its output voltage must be
equal or less than or larger than to the input voltage.
In this paper, SEPIC converter regulates the
dc voltage obtain from the solar panel and feeds the dc
motor [10, 11]. The output voltage of the SEPIC
converter is used as a feedback signal from which
voltage is derived and error and change in error are
obtained and given to Fuzzy Logic / PI controller [12].
The generated pulses from the controller are combined
with the pulses obtained from the Incremental
Conductance Algorithm of a Solar panel and given to
SEPIC converter and desired output is produced.

Fig. 1 Block diagram

II.

MAXIMUM POWER POINT
TRACKING
In wind turbines and PV solar systems, to
maximum power extraction is feasible below all
conditions, if MPPT technique is used. PV solar
system has lots of different configurations. A typical
solar panel converts only 30-40 (%) of the incident
solar irradiation into electrical power. MPPT increases
the efficiency of the solar panel rapidly. If they
operate at their MPP even with the inevitable changes
in the environment maximum power from the solar
panel can be harvested. Over the past decades, many
methods to find the MPP have been published and
developed. In that most suitable techniques for
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medium and, large-size photovoltaic applications are
P&O and INC. These techniques have the merits of an
easy implementation.
A.

Perturb and Observe (P&O)

The P&O method offers the merits of
simplicity and no difficulty to implementation. It can
also be easily applied to any PV panel as it has the
advantage of not relying on the PV module
characteristics in the MPPT process. After one perturb
operation the power is calculated and compared with
earlier value to decide the change in power dP. The
P&O perturbation step size plays a very important role
in finding the accuracy and speed at which the
operating point converge on the MPP. The time period
for this algorithm is very less but on reaching a point
which is very close to the MPP it doesn't stop there,
perturbing on both the directions. We can set an
appropriate error limit or can use a wait function
which ends up raising the time complexity of the
algorithm. However, it does not account the rapid
change of irradiation level (due to which MPPT
changes).

providing a non-inverted output (i.e. the output has the
alike polarity as the input). Its output voltage must be
larger than or less than or equal to the input voltage
and it commonly used in battery operated applications.
The output voltage is controlled by adjusting
the duty cycle of the control switch. The control
switch is typically a MOSFET, which offers much
higher input impedance, low voltage drop and lesser
switching losses. A SEPIC converter is a fourth order
converter, it means these converters have four energy
storage elements they are two inductors & two
capacitors, and it is used to transmit the energy from
input side to output side. The input inductor L1 is
collective with the MOSFET control switch to be like
a boost topology. Where the inductor L2 location is
similar to a buck-boost topology.

Fig.3. SEPIC operational diagram

IV. PI CONTROLLER
PI controller is formed from the combination
of proportional and integral mode. While changing the
proportional gain, integral gain also changes but the
integral gain can be changed independently. The
integral function provides a new controller output and
so the error value is zero when the load changes.
When load changes it produces an error and so a new
controller output is required this is provided

through a sum of integral and proportional
action. Mostly open loop operation is insensitive to

Fig.2. Flow chart for P&O algorithm

III. SEPIC CONVERTER
A SEPIC (single-ended primary inductor
converter) is one kind of DC-DC converter. It consists
of boost converter follow by a buck-boost converter.
The main benefit of this converter is capable of
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load and disturbances and so closed loop operation is
preferred which uses the error value as feedback
signal which is processed so as to reach the desired
output. In this system, input is voltage error and the
output is incremental duty ratio. Its transfer function is
given by,
G(s) = Kp+(Ki/s)
Where,
Kp is the proportional gain and
Ki is the integral gain.
V. FUZZY LOGIC CONTROLLER (FLC)
Fuzzy logic depends on the model of the
fuzzy set. A fuzzy set is a set with blurred boundary.
In fuzzy logic, a curve is defined in which the input
space is mapped to a membership value range from 0
to 1 is called as a membership function. The input
space is also referred as a universe of communication
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[13]. To maintain the fuzzy values at the extremer, a
standard logical operation is used. The logical
operations used are AND, OR and NOT. If then
statement rules are used to make the conditional
statements [14]. The process involved in the fuzzy
logic controller is





Fuzzification: During fuzzification, all fuzzy
statements are resolved into a degree of
membership between 0 to 1.
Rule base: To form the fuzzy output, the degree
of support is used. Mainly, one rue alone will not
be so effective. Each and every rule deliver fuzzy
set as output [15]. In this manuscript, Mamdani
base fuzzy inference system is used.
Defuzzification: After defuzzification, crisp
numerical output values are obtained. For this
centre of gravity, a method is used.

Fig.6. Fuzzy Logic Output

VI. SIMULATION RESULT

Table i- Fuzzy Logic Rule Table

(a)
Fig.4. Fuzzy Logic Input 1

Fig.5 Fuzzy Logic Input 2

(b)

ISSN: 2348-8379

www.internationaljournalssrg.org

Page 7

SSRG International Journal of Electrical and Electronics Engineering (SSRG - IJEEE) – Volume 4 Issue 3 – March 2017

(c)

(c)

(d)
Fig.7. (a) Simulation circuit of P&O (b) output current
and output voltage (c) output power (d) speed of the
motor

(d)
Fig.8. (a) Simulation circuit of FLC (b) speed of the
motor (c) output current and output voltage (d) output
power
Table II-Comparison between pi and fLC controller

PV
voltage

PV
Current

Output
Power
(W)

Motor
Speed
(rpm)

PI

132

7.33

968

1391

Fuzzy

138.6

7.2

996.2

1486

Controller

(a)

(b)
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VII. CONCLUSION
The P&O algorithm along with SEPIC
converter is designed for a typical 1kW solar system.
The SEPIC converter is most appropriate converter
topology which serves the capability for tracking the
maximum power point irrespective of irradiation,
temperature and load condition. The simulation for the
Fuzzy Logic Controller (FLC) and Proportional
Integral (PI) controller separately has been carried out
and the comparison between FLC and PI controller
(output voltage, current, power and motor speed) are
done. From simulation results obtained, it is observed
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that Fuzzy Logic controller performs better than the
Proportional Integral controller for the speed control
of dc motor.
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