
Copyright © 2013 IJECCE, All right reserved
1607

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 6, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209

Identification of Optimal Operating Point Of PV
Modules Using Fuzzy Logic Control

Hadi nabizadeh
Faculty of Electrical Engg.,

Malek-Ashtar
University of Technology

(MUT) Tehran, Iran
hadinabizadeh66@yahoo.com

Mohammad Reza
Alizadeh Pahlavani
Faculty of electrical Engg.
Malek-Ashtar University of

Technology (MUT),
Tehran, Iran

mr_alizadehp@iust.ac.ir

Ahmad Afifi
Faculty of electrical

Engineering, Malek-Ashtar
University of Technology

(MUT), Tehran, Iran
ah_afifi@iust.ac.ir

Iman Soltani
Faculty of Electrical Engg.,
Malek-Ashtar University of

Technology (MUT)
Tehran, Iran

i_soltani@ ikiu.ac.ir

Abstract – This paper introduces an intelligent control
method for maximum power point tracking in solar array in
dealing with the rapid variations in temperature and
radiation. Fuzzy logic controller and DC/DC boost converter
are the most important components of this system. The
simulation results of fuzzy logic controller are compared with
simulation results of PI controller in both cases without noise
and with Gaussian noise in solar cell voltage. The results
show that fuzzy logic controller performance is better than
PI controller especially in the presence of noise.
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I. INTRODUCTION

Because of energy crisis and environmental issues such
as pollution and global warming, the use of photovoltaic
system is a very good solution to solve this problems.
Unfortunately the energy conversion efficiency of
photovoltaic modules is relatively low. So to overcome
this problem and obtain possible maximum efficiency, all
designed elements of photovoltaic system such as MPPT
controller must be optimized to increase efficiency[1].
MPPT controllers are an essential component of
photovoltaic system. These controllers can be used in
simple techniques such as voltage and current feedback
methods or can be used in more efficient algorithms such
as perturb and observation (P&O) and incremental
conductance. In recent years the intelligent maximum
power point tracking such as neural networks, fuzzy logic
algorithms are used[2]. Perturb and Observe, incremental
conductance and fuzzy logic algorithms are common
MPPT methods. Perturb and observe and incremental
conductance have disadvantages such as losing maximum
power point tracking in rapid variation of radiation and
temperature and fluctuations of voltage and current around
the maximum power point tracking at steady state[3],
While fuzzy logic algorithm has good performance in
rapid changes of temperature and radiation and less
fluctuation around its maximum power point tracking at
steady state[4]. Therefore, in this paper, the intelligent
MPPT controller based on fuzzy logic is used to increase
the efficiency of photovoltaic system.

II. PRINCIPLES OF MAXIMUM POWER POINT

TRACKING

The equivalent circuit of solar cell which consists of a
photo current, a diode, a parallel resistor expressing a
leakage current, and a series resistor describing an internal
resistance to the current flow, is shown in "Figure 1". The
voltage-current characteristic equation of a solar cell is
given as

( )
exp 1S S
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Where, phI is a light-generated current or photocurrent,

satI is the cell saturation of dark current, q (= 1.6 ×10−19

C) is an electron charge, k (= 1.38 ×10−23J/K) is the
Boltzmann’s constant, T is the cell’s working
temperature, A is an ideal factor, ShR is a Shunt

resistance and SR is a series resistance of solar cell.
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Fig.1. Solar cell model

The specifications (at 1kW/m2, 25˚C) of the solar
module used for simulation is given in "Table 1".

Table 1: Specification of the simulated module
SpecificationCharacteristics
60 WPeak Power (PMP)
17.1 VVoltage at peak power (VMP)
3.5 ACurrent at peak power (IMP)
3.8 AShort circuit current (ISC)
21.1 VOpen circuit voltage (VOC)
0.003 A/°CTemperature coefficient of short circuit

voltage (KI)
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Simulation results of photovoltaic module for Power –
Voltage characteristic are shown in "Figure 2" and "Figure
3" for temperature and radiation changes. The photovoltaic
module operation depends strongly on its operating
voltage.

For a specific temperature and radiation, the maximum
output power occurs at a particular voltage called
maximum power point[5]. So if the load is directly
connected to a photovoltaic module, photovoltaic module
output is rarely maximized and operating point is not
optimal.

Fig.2. Power – voltage characteristic of photovoltaic
module for different working temperature at 1[KW/m2]

radiation

Fig.3. power – voltage characteristic of photovoltaic
module for different working radiation at 27 [°C]

temperature.

To solve this problem, using a DC/DC boost converter
with MPPT controller between photovoltaic module and
load is required[6]. general block diagram of PV module
with MPPT system is shown in "Figure 4".

Figure4: General block diagram of the MPPT sytem

Schematic of maximum power point tracking system in
Matlab/ Simulink environment is shown in "Figure 6". In
the last decade many techniques have been proposed for
tracking maximum power point. These techniques can be
classified in three categories[7]:
 Voltage feedback based methods which compare the

photovoltaic operating voltage with a reference voltage
in order to generate the PWM control signal of the
DC/DC converter.

 Current feedback based methods which use
photovoltaic short circuit current as a feedback in order
to estimate the optimal current corresponding to the
maximum power.

 Power based methods which are based on iterative
algorithms to track continuously the MPP through the
current and voltage measurement of the photovoltaic
module.

III. FUZZY LOGIC MAXIMUM POWER POINT

TRACKING CONTROLLER

Fuzzy logic maximum power point tracking has the
advantages of simple design and do not require the
knowledge of exact model. Instead, these controllers
require full information about the performance of
photovoltaic system. The proposed fuzzy logic controller
is shown "Figure 5", which has two input and one
output[8].

Fig.5. Block diagram of Fuzzy logic controller [4]



Copyright © 2013 IJECCE, All right reserved
1609

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 6, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209

Fig.6. Schematic of maximum power point tracking system in Matlab / Simulink environment.

The two input variables are error (E) and change of
error (CE) at sampled times k defined by:

(2)( ) ( 1)
( )

( ) ( 1)

P k P k
E k

V k V k
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Where P(k) and V(k) are generated power and voltage
of photovoltaic module respectively. The input E(k) show
that operating point at the instant k is located on the left or
on the right of the maximum power point tracking, while
input CE(k) indicates the moving direction of this point[9].
For fuzzy inference Mamdani’s method is used, and for
defuzzification the center of gravity to compute the output
of controller is used which is the duty cycle:
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The used rule bases of fuzzy controller are shown in

"Table 2" with E and CE as inputs and D as the output.
Table 2: Fuzzy rule table

PBPSZENSNBCE
E

ZENSNSNBNBNB
PSZENSNSNBNS
PBPSZENSNBZE
PBPSPSZENSPS
PBPBPBPSZEPB

The designed Membership functions for two inputs and
one output as duty cycle are shown in "Figure 7".

Fig.7. Membership functions of error, change of error and
duty cycle.
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IV. SIMULATION RESULTS OF MPPT
CONTROLLER WITH FUZZY AND PI

CONTROLLERS

The general diagram simulation of photovoltaic system
is shown in "Figure 5". The DC/DC converter is a boost
chopper. The PI and fuzzy MPPT controllers under
following conditions are simulated and tested.
 Rapid changes of radiation from 0.5[KW/m2] to

1[KW/m2] at 27[°C] constant temperature without
applying noise to system.

 Rapid changes of radiation from 0.5[KW/m2] to
1[KW/m2] at 27[°C] constant temperature and with
applying gaussian noise with variance of 0.5 on the
photovoltaic module voltage.

 Rapid changes of temperature from 17 [°C] to 47 [°C]
at 1[KW/m2] constant radiation without applying noise
to system.

 Rapid changes of temperature from 17 [°C] to 47 [°C]
at 1[KW/m2] constant radiation with applying gaussian
noise with variance of 0.5 on the photovoltaic module
voltage.

Fig.8. Output power of solar module and control signal for
both PI and Fuzzy controllers for rapid changes of

radiation from 0.5[KW/m2] to 1[KW/m2] at constant
temperature 27[°C] without applying noise.

The following figures show the results of these tests. In
these figures, the output power of photovoltaic module and
control signal (duty cycle of converter) for both PI and
Fuzzy controllers for expression changes are shown.
Output power of photovoltaic module and control signal
for rapid changes of radiation from 0.5[KW/m2] to
1[KW/m2] at 27[°C] constant temperature without
applying noise and with applying noise on the
photovoltaic module voltage for both PI and Fuzzy MPPT
controllers are shown In "Figure 8 " and "Figure 9 ".

And output power of photovoltaic module and control
signal for rapid changes of temperature from 17 [°C] to 47
[°C] at 1[KW/m2] constant radiation without applying
noise and with applying gaussian noise on the photovoltaic
module voltage for both PI and Fuzzy MPPT controllers
are shown in "Figure 10" and "Figure 11".

Fig.9. Output power of solar module and control signal for
both PI and Fuzzy controllers for rapid changes of

radiation from 0.5[KW/m2] to 1[KW/m2] at constant
temperature 27[°C] with applying gaussian noise with

variance 0.5 on the photovoltaic module voltage.

Fig.10. Output power of solar module and control signal
for both PI and Fuzzy controllers for rapid changes of

temperature from 17 [°C] to 47 [°C] at constant radiation
1[KW/m2] without applying noise.

Fig.11. Output power of solar module and control signal
for both PI and Fuzzy controllers for rapid changes of

temperature from 17 [°C] to 47 [°C] at constant radiation
1[KW/m2] with applying gaussian noise with variance 0.5

on the photovoltaic module voltage.
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Output power of photovoltaic module for PI and Fuzzy
controllers at three different sample points of temperature
and radiation changes while applying gaussian noise to
photovoltaic module are shown in "Table 3" and "Table
4".

Table 3: Output power of PV module versus different
sample of temperature amounts while applying gaussian

noise, G=1000
T

(°C)
Real
value

PI
controller

Fuzzy
controller

Accuracy
(%)

17 63 49 51 81.06
32 55 30 48 87.27
47 48 40 41.5 86.45

Table 4: Output power of PV module versus different
sample of radiation amounts while applying gaussian

noise, T=27
G(KW/m2) Real

value
PI

controller
Fuzzy

controller
Accuracy

(%)
0.5 33 22 27 82.35

0.75 45 30 38 84.44
1 60 50.5 51.1 85.16

Results show that Fuzzy controller has better
performance specially with applying noise on photovoltaic
module voltage compared with PI controller.

V. CONCLUSIONS

Purpose of this paper is tracking maximum power point
of photovoltaic module by Fuzzy logic controller for
temperature and radiation changes and comparing results
with PI controller.

Simulation results show that Fuzzy controller has higher
convergence rate at tracking maximum power point
compared with PI controller.

Also, with the presence of noise on output voltage of
photovoltaic module, the Fuzzy controller performs much
better than PI controller at transient conditions of
temperature and radiation. So the Fuzzy controller can be
very good performance compared with common
controllers for non-linear systems. Since Fuzzy controller
is extremely flexible might elaborate on the importance of
the work or suggest applications and extensions.
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