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Abstract – In this paper, load voltage stabilization system
in PV system is presented. Considering that the solar array
output power varies with temperature and radiation; so to
stabilizing the voltage, feeding load and battery
simultaneously, aboost converter is used to transfer extra
power into the battery. Thus in the maximum power point
tracking system, both power consumption and saving by the
load and battery are done.
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I. INTRODUCTION

Renewable sources of energy acquire growing
importance due to massive consumption and exhaustion of
fossil fuel. Among several renewable energy sources,
Photovoltaic arrays are used in many applications such as
water pumping, battery charging, hybrid vehicles, and grid
connected PV systems. 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 controller is 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.
On the other hand another issue is to manage the power
consumption of the energy produced by the photovoltaic

system.This means that all the produced energy is
consumed or saved. Note that the efficiency of solar array
varies at changes in temperature and irradiation. So power
consumption of load depends on the amount of irradiation
and temperature. The purpose of this system is
Independencethe load power consumptionfrom the
environment changes.

II. BOOST CONVERTER

In this section a DC/DC Boost Converter is studied.
Converter operate in two mode Continuous conduction
mode (CCM) and discontinuous condition mode(DCM). In
photovoltaic systems converters should be operated in
continuous mode. So the performance of the boost
converter in continuous mode is studied.
A. Description of boost converter

Fig.1. PWM boost converter and its ideal equivalent
circuits for CCM. (a) Circuit. (b) Equivalent circuit when

the switch is ON and the diode is OFF. (c) Equivalent
circuit when the switch is OFF and the diode is ON.
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The circuit of boost converter is shown in "Figure 1(a)".
The output voltage of boost converter is always more than
input voltage. The converter consists of an inductor L, a
power MOSFET, a diode D1, a filter capacitor C, and a
load resistor RL. The switch S is turned on and off at the
switching frequency fs = 1/T with the ON duty ratio D =
ton/T, where on is the time interval when the switch S is
ON. "Figure 1(b)" and "Figure 1(c)" show equivalent
circuits of the boost converter for CCM when the switch S
is ON and the diode is OFF, and when the switch is OFF
and the diode is ON, respectively [5].

Fig.2. Idealized current and voltage waveforms in the
PWM boost converter for CCM [5].

Idealized waveforms of the currents and voltages that
explain idealized waveforms of the currents and voltages
that explain the principle of operation of the converter are
depicted in "Figure 2". For the time interval 0 < t ≤ DT,
the switch is ON. Therefore, the voltage across the diode
is VD = −VO, causing the diode to be reverse biased. The
voltage across the inductor is VL = VI .As a result, the
inductor current increases linearly with a slope of VI /L.
Consequently, the magnetic energy also increases. The
switch current is equal to the inductor current. At t = DT,
the switch is turned off by the gate-to-source voltage. The
inductor acts as a current source and turns the diode on.
The voltage across the inductor is VL = VI− VO< 0. Hence,
the inductor current decreases with a slope of (VI− VO)/L.
The diode current equals the inductor current. During this
time interval, the energy is transferred from the inductor L

to the filter capacitor C and the load resistance RL. At time
t = T, the switch is turned on again, terminating the cycle.
The Specifications of designed boost converter is shown in
"Table 1"[6]. For determining the amount of D because the
mechanism of converter is such that 0.3≤D≤0.6 so D=0.6
is replaced, also 1≤IO≤2 so IO=2 is replaced.

III. 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 3". The
voltage-current characteristic equation of a solar cell is
given as

( )
exp 1S S

ph sat
Sh

q V IR V IR
I I I

kTA R

           
(1)

Table1: Specifications of designed boost converter
Specifications of
designed boost
converter

Amount of specification

switching
frequency

20[ ]Sf kHz

maximum output
voltage ripple

5%CV 

maximum input
current ripple

20%I 

boost inductance
3

. 20 0.6
3

. 20 10 0.2
i

S

V D
L mH

f I


  

  
boost capacitance

3

. 2 0.6
1.2

. 20 10 0.05
O

S C

I D
C mF

f V


  

  
load to PV system
connected

33LR  

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.3. Solar cell model

The specifications (at 1kW/m2, 25˚C) of the solar
module used for simulation is given in "Table 2".
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Table 2: 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)

Simulation results of photovoltaic module for Power –
Voltage characteristic are shown in "Figure 4" and "Figure
5" 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 [7]. So if the load is directly
connected to a photovoltaic module, photovoltaic module
output is rarely maximized and operating point is not
optimal.

Fig.4. Power – voltage characteristic of photovoltaic
module for different working temperature at 1[KW/m2]

radiation.

Fig.5. 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[8].In order to regulating voltage of load in
a constant value in rapid environment changes, a latter
boost converter with a PID controller is used to stabilizing
the voltage of load. General block diagram of PV module
with MPPT system with voltage stabilization system is
shown in "Figure 6".

Fig.6. General block diagram of the MPPT system with
load voltage stabilization system

Schematic of maximum power point tracking system in
Matlab/Simulink environment is shown in "Figure 8". In
the last decade many techniques have been proposed for
tracking maximum power point. These techniques can be
classified in three categories [9]:
 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.

IV. 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 7", which has two input and one
output[8].

Fig.7. Block diagram of Fuzzy logic controller[4]
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The two input variables are error (E) and change of error
(CE) at sample times k and k-1 defined by:

( ) ( 1)
( )

( ) ( 1)

P k P k
E k

V k V k

 


  (2)
( ) ( ) ( 1)CE k E k E k   (3)

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 3" with E and CE as input and D as the output.

Table 3: Fuzzy rule table
PBPSZENSNBCE

E

ZENSNSNBNBNB
PSZENSNSNBNS
PBPSZENSNBZE
PBPSPSZENSPS
PBPBPBPSZEPB

The designed Membership functions for two input and one
output as duty cycle are shown in "Figure 9".

Fig.8. Schematic of maximum power point tracking system with load voltage stabilization system in Matlab/Simulink
environment.

Fig.9. Membership functions of error, change of error and
duty cycle.

V. SIMULATION RESULTS

The general diagram simulation of photovoltaic system
is shown in "Figure 8". The DC/DC converter is a boost
chopper. The fuzzy MPPT controllers under following
conditions are simulated and tested.
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 Rapid changes of temperature from 47 [°C] to 17 [°C]
at 1[KW/m2] constant radiation.

 Rapid changes of radiation from 0.5[KW/m2] to
1[KW/m2] at 27[°C] constant temperature.

The following figures show the results of these tests. In
these figures, the output power of photovoltaic module,
the consumption power in load and the saving power in
battery to expressing the changes are shown. Output power
of photovoltaic module, the consumption power in load
and the saving power in battery for rapid changes of
temperaturefrom 47 [°C] to 17 [°C] at 1[KW/m2] constant
radiation are shown In "Figure 10 ", "Figure 11 " and
"Figure 12 ".

As is observed, the output power of photovoltaic module
is equal to the sum of power consumption in load and
power saving in battery for Fuzzy controller in both
environmental conditions and power consumption ofload
is constant.

Fig.10. Generated power of solar Array for rapid changes
of temperature from 47 [°C] to 17 [°C] at 1[KW/m2]

radiation.

Fig.11. The consumption power in load for rapid changes
of temperature from 47 [°C] to 17 [°C] at 1[KW/m2]

radiation.

The generated power of solar array, consumption power
in load, saving power in battery and percent of battery
charge from whole generated power at three different
sample points of temperature and radiation changes are
shown in "Table 4" and "Table 5". The generated power in
PV module must be equal to the sum of consumption
power in load, saving power in battery and consumption
power in boost converters. the consumption power in
boost converters is approximately equal to 1.5W.

Fig.12. The saving power in battery for rapid changes of
temperature from 47 [°C] to 17 [°C] at 1[KW/m2]

radiation.

And output power of photovoltaic module, the
consumption power in load and the saving power in
battery for rapid changes of radiation from 0.5[KW/m2] to
1[KW/m2] at the constant temperature of 27[°C] for Fuzzy
MPPT controller are shown in "Figure 13", "Figure 14"
and "Figure 15".

Fig.13: Generated power of solar Array for rapid changes
of radiation from 0.5[KW/m2] to 1[KW/m2] at 27[°C]

temperature.
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Fig.14. The consumption power in load for rapid changes
of radiation from 0.5[KW/m2] to 1[KW/m2] at 27[°C]

temperature.

Figure 15: The saving power in battery for rapid changes
of radiation from 0.5[KW/m2] to 1[KW/m2] at 27 [°C]

temperature.

Table 4: generated power of PV module,consumption power in load, saving power in battery and percent of battery
charge versus different sample of temperature amounts, G=1000

T(°C)
generated power in PV

system (W)
consumption power in

load (W)
saving power in

battery (W)
Percent of battery

charge (%)

47 47 17.9 27.6 58.72
32 54.5 17.5 35.5 65.13
17 58.5 17.5 40 68.5

Table 5: generated power of PV module, consumption power in load, saving power in battery and percent of battery
charge versus different sample of irradiance amounts, T=27

G (KW/m2) generated power in
PV system (W)

consumption
power in load (W)

saving power in
battery (W)

Percent of battery
charge (%)

0.5 33 18.2 13.3 40.3
0.75 45 17.5 26 57.77

1 58 17.5 41 69.82

VI. CONCLUSIONS

Purpose of this paper is managing the generated power
in PV system for rapid environment changes. Stabilizing
load voltage by a latter boost converter and using a PID
controller for regulation duty cycle of second boost
converter is presented. Simulation results show that the
extra generated power is saved in battery and power
consumption of load is always constant. So in PV system
both consumption power in load and saving power in
battery is done and exploitation of maximum power of PV
system is extracted. Maximum power point of
photovoltaic module is done by Fuzzy logic controller for
rapid temperature and radiation changes. Stabilizing
voltage of load connected to PV system, transfer
ofsurpluspowerinto thebattery are advantages of using the
load voltage stabilization system.

REFERENCES

[1] D.S.Morales, “Maximum Power Point Tracking Algorithms for
Photovoltaic Applications”, Thesis submitted for examination
for the degree of Master of Science in Thechnology. Espoo
14.12.2010.

[2] T.Esram, P.L.Chapman, “Comparison of Photovoltaic Array
Maximum power point Tracking Techniques”IEEE Transactions
On Energy Conversion, VOL.22,NO.2,June 2007.

[3] N.Femia,D.Granozio,G.Petrone, M.Vitelli,“Predictive &
Adaptive MPPT Perturb and Observe Method” IEEE
TRANSACTIONS ON AEROSPACE AND ELECTRONIC
SYSTEMS VOL. 43, NO. 3 JULY 2007.

[4] P.Takun,S.Kaitwanidvilai,C.Jettanasen, “Maximum Power Point
Tracking using Fuzzy Logoc Control for Photovoltaic System”
Proceedings of International MultiConference of Engineers and
Computer Scientists 2011 Vol II, IMECS 2011, March 16-
18,2011,Hong Kong.

[5] M.K.Kazimierczuk, “Pulse-Width Modulated DC-DC Power
Converters” edition first published 2008,John Wiley &
Sons,Ltd,Wright State University Dayton, Ohio,USA.

[6] J.L.Santos, F.Antunes, A.Chehab, C.Cruz, “A maximum power
point tracker for PV systems using a high performance boost
converter” Solar Energy 80 (2006) 772-778. Available online at
sciencedirect.



Copyright © 2013 IJECCE, All right reserved
1702

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

[7] S.Panwar,R.PSaini, “Development and Simulation of Solar
Photovoltaic model using Matlab/simulink and its parameter
extraction”, International Conference on Computing and Control
Engineering(ICCCE 2012) , 12 & 13 April, 2012.

[8] P.A.Lynn, Electricity from Sunlight: An Introduction to
Photovoltaics, John Wiley & Sons, 2010, p.238.

[9] M.S. Aït Cheikh*, C. Larbes†, G.F. Tchoketch Kebir and A.
Zerguerras, “Maximum power point tracking using a fuzzy logic
control scheme”, Revue des Energies Renouvelables Vol. 10 N°3
(2007) 387 – 395.

[10] G. Balasubramanian, S. Singaravelu, “ Fuzzy logic controller for
the maximum power point tracking in photovoltaic system”,
International Journal of Computer Applications (0975 – 8887) ,
Volume 41– No.12, March 2012 .

[11] Chung Won,Duk Kim,Sei Kim,Won Kim,Hack Kim, “A New
Maximum Power Point Tracker of Photovoltaic Array Using
Fuzzy Controller” Kyung Ki DO,#440-746 Seol,Korea, 1994
IEEE.

AUTHOR’S PROFILE

Hadi Nabizadeh
received his Bachelor in Electronic Engineering in
2010 from the University of Tabriz, Iran. he is an
M.Sc student of electrical engineering at Malek-
Ashtar University (MUT). His research interests
include all areas of power electronics, renewable
energy, intelligent control, nonlinear systems control
and micro- and nanoelectronic.

Mohammad Reza AlizadehPahlavani
received his degree in electrical engineering from
Iran University of Science and Technology (IUST) in
2009. He is the author of more than 125 journal and
conference papers in field of electromagnetic
systems, electrical machines, power electronic,
FACTS devices, and pulsed power. Malek- Ashtar
University of technology (MUT), Shabanlo St.,

Lavizan, Tehran, Iran.
Email: mr_alizadehp@iust.ac.ir

A. Afifi
received the B.S. degree in electrical engineering
from Kashan University in 1998 and M.S. degree
from Iran University of Science and Technology
(IUST) in 2000, where he is currently working
toward the Ph.D. degree in electrical engineering.
His current research interests include micro- and

nanoelectronic circuits, intelligent signal-processing and bio-inspired
computational models.

Iman Soltani
received his Bachelor in Robotic Engineering in 2011
from the University of Shahrood,Iran.he is an M.Sc
student of electrical engineering at Imam Khomeini
Internatial University (IKIU). He has been working
on several researchand consulting projects in the area
of powered converters. His research interests include

all areas of power electronics, renewable energy, power electronics ,
machine control, intelligent control, nonlinear systems control and
optimization techniques such as, particle swarm optimization (PSO) and
differential evolution(DE).
Email: i_soltani@ikiu.ac.ir

mailto:mr_alizadehp@iust.ac.ir
mailto:i_soltani@ikiu.ac.ir

