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Abstract-In this research paper, a firefly asymmetrical fuzzy logic controller (FAFLC) based unified maximum power point
tracking (MPPT) hybrid controller is proposed for grid connected power system. It is a combination of solar, wind and fuel
based energy power system. The FAFLC based heuristics optimized MPPT algorithm depends on intensity of light followed by
inverse square law which improves the dynamic uncertainty under complex and transient weather conditions. Also duty ratio
of the cuk converter has been decided according to the position of firefly. The proposed MPPT controller works efficiently in
dynamic conditions like variable solar irradiance, hydrogen consumption and wind speed which tracks high power and able to
find global maximum power point (MPP). The experimental validation has been done through dSPACE DS 1104 real time

control board.
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1. Introduction

During the last few decades, the fossil fuels and nuclear
fission are decaying exponentially and there is a necessary
requirement of green renewable energy sources. The
renewable energy sources are important ingredient to
produce alternative electrical power [1-5]. The hybrid
energy sources are the promising technology to provide
efficient and considerable electrical power to the utility
grid. Hybrid energy system is the combination of two or
more energy sources. Due to intermittent wind speed and
sun irradiance level, the hybrid system play vital role to
produce electrical power demand. It integrates wind, solar
and battery storage that provides reliable power to utility
grid [6-10]. The solar irradiance and ambient temperatures
are the varying parameters on which the power extraction
from PV panels depends. The productions of power from
the wind turbine are greatly dependent on wind speed
whereas level of hydrogen consumption affects the power
produced from fuel cell. The performance of battery is
improved when nature of wind and solar irradiance are

complementary to each other. The experimental
implementation of control system is very difficult during
combination of more than two energy systems. The
practical design of hybrid control system is still a
challenge to the researchers. The battery deliver realistic
performance during strong irradiance and high wind speed
operating conditions. During adverse weather conditions,
the high capacity battery storage system is required to
provide reliable operation.Numerous MPPT algorithms
were already discussed to obtain the peak power. The
conventional MPPT algorithms like perturb and observe
(P&O), Hill climbing (HC) method, incremental
conductance (INC) etc have failed to work during non-
linear atmospheric variations [11-12]. The neural network
(NN) and fuzzy logic control (FLC) based MPPT
algorithms are the best solution which provides better
tracking efficiency under these conditions. However, the
main disadvantages of NN based MPPT has less precision,
requirement of large training data as well as slow
convergence speed under variable ambient conditions.
There are mainly two types of fuzzy membership functions
namely symmetrical and asymmetrical. Compared to
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symmetrical fuzzy logic controller, an asymmetrical fuzzy
logic controller (AFLC) based MPPT controller generates
appropriate PWM control pulses under adverse transient
conditions [13].Alternatively, the evolutionary algorithms
are best solution for non-linear variations in operating
conditions. However, the Genetic algorithm (GA) based
stochastic MPPT algorithm have disadvantages such as no
guarantee to find global maxima, slow convergence speed
and complexity to find fitness function under variable
weather conditions [14]. Compared to GA based MPPT,
the stochastic evolution based particle swarm optimization
(PSO) has very less parameters for adjustment.
Nevertheless, PSO MPPT algorithm has exploration loss
abilities as well as it requires more computational
convergence time to obtain MPP [15]. Artificial bee colony
(ABC) being a bio —inspired algorithm has limited control
parameters as well as it falls on local maxima and has high
cost with complex design implementation [16]. The firefly
algorithm (FA) is an optimization algorithm based on
movement of lighting fireflies. The main advantage of
firefly based MPPT algorithm has fast convergence speed,
less computational time, low cost and simple design.
Laabidi et al [5] has implemented PSIM simulation based
PV-WIND system for grid integration. The classical P and
O and voltage oriented control methods have been used as
a MPPT and inverter control, respectively. However, the
experimental validation and PV-wind-fuel integration to
the utility grid has not been discussed in this research
work. Rosli et al [9] has focused the multi input converter
for PV-Wind-fuel connected to utility grid. In this study
the conventional Pand O based MPPT  has  been
accomplished. MATLAB/Simulink environment has been
used to validate the design control circuitry. Nevertheless,
the practical verification of the hybrid system has not been
discussed. The hardware implementation of multi-input
converter based this hybrid system is expensive due to
demand of high capacity battery storage in this work.
Keyrouz et al., [17] has discussed a simulation based novel
unified MPPT for hybrid system. Nevertheless, the
practical performance investigation of the hybrid system

has not been presented in this study. In this paper firefly
asymmetrical fuzzy logic controller (FAFLC) based hybrid
MPPT algorithm is proposed to obtain optimal duty ratio
by automatic adjustment of input and output membership
functions under transient operating conditions. The
proposed MPPT provides optimal duty ratio with high
tracking efficiency and negligible oscillations around MPP
compared to conventional P and O MPPT algorithm. It
provides fast convergence speed, less controlling
parameters, easy implementation and high power tracking
ability with respect to other conventional MPPT
algorithms used in literature. During variable weather
conditions, the integration of PV, wind and fuel cell based
hybrid system provide guarantee for stable and realistic
operation.

Several inverter control methods have been used in

literature [18-21], the space vector pulse width modulation
(SVPWM) is most preferred control due to its fixed
switching pattern, precise dynamic response and less total
harmonic distortion (THD). For generation of gating
pulses for power switches, here two levels SVPWM based
inverter control has been employed which synchronizes
the utility grid. In this paper, an asymmetrical MPPT based
control system is designed to provide smart functioning
power generation. It provides low cost, optimum power
and better response time under variable irradiance, wind
speed and hydrogen consumption. The experimental
responses have been validated through dSPACE 1104
controller interface.The novelty of this research paper is
experimental verification of hybrid FAFLC based MPPT
controller using dSPACE platform for PV-Wind-Fuel
integrated to grid has neither been discussed nor
implemented before by author’s best accomplishment.
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Fig. 1 Proposed PV-wind-fuel cell based hybrid system structure

2. Structure and Mathematical Modelling of PV-Wind-
Fuel cell based Hybrid System

Fig. 1 shows the proposed PV-wind-fuel cell based hybrid
system structure. The cuk dc-dc converter acts as an
interface between PV module and the inverter [22].

The FAFLC based MPPT controller is used to generate the
switching pulses to power MOSFET of cuk converter. The
output power from wind turbine and fuel cell is fed to the
inverter through cuk converter. The switching signal to the
2-level inverter is generated using SVPWM through
dSPACE DS1104 control board. The generated power
from PV module and wind turbine are delivered to load as
per requirement or supplied to the H, production block
which comprises electrolyser and storage tank. As the
generated power from PV and wind is greater than the load
demand, H; is produced by electrolyser and stored in a
compressed tank. Moreover, when load requirement is
more compared to generated power from PV and wind, H;
is supplied to fuel cell for production of extra power.
Compared to conventional battery storage conversion
system, the storage of H is efficient which provides better

reliable solution. This is because hydrogen has high energy
mass density as inherent property which provides long
term storing capacity.The intermittent power from solar
and wind energy sources have been sensed before dc link
and then the cuk dc-dc converter is controlled by
employing single MPPT. Outputs from PV and Wind
energy sources are maintained at common dc link voltage
level by application of dc bus bar and then VSI converts dc
voltage to ac voltage which is finally injected to the utility
grid. The fuel cell based ultra-capacitor compensates the
variation of power from solar and wind. The voltage
source inverter regulates the dc link voltage and resultant
active power during transient conditions, which can be fed
to utility grid to maintain steady state. Therefore, the
power injected to the utility grid maintains constant even
though the sun irradiance and wind speed varies.

2.1 Mathematical Model of Wind Turbine

The mechanical power obtained mathematically from
wind turbine is expressed as [5]:
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Where

Pad =density of air

Cip (1. 5) =Coefficient Of turbine power
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The mechanical power generated from wind turbine is
directly proportional to the coefficient of turbine power for
a specific wind turbine system.
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Fig. 2 Coefficient of turbine power Vs tip speed ratio
curve

The coefficient of turbine power versus tip speed ratio
curve is presented by Fig.2. The tip speed ratio is
calculated as:

o, *R

_ r turbine
/’i’tip -
VWind (2)

Where

@D - Shaft rotating speed

The mathematical relation between turbine performance
coefficient and tip speed ratio is expressed as:

_ C ﬁy
Ct.p(/Lﬂ)—Ci* Zl__ca*ﬁ_CA *@ h+Cox A
Where

% - %—n—o.OSﬂ_O'O?%—n— VZa

And Cy, C2, C3, C4, Cs and Ces are 0.73, 151, 0.58,
0.002, 13.2 and 18.4 respectively.

Also, the aerodynamic torque is found mathematically

©)

as:

3
V" wind

1
T = E ﬂpa_dCt_p (/’L, ,B)thurbine

e

®)
Where, T ™ = Aerodynamic torque
The turbine speed-power characteristics is shown by
Fig.3 which reveals that at any wind speed , there is a
specific speed of turbine by which maximum power is
tracked from wind.

Turbine output power (pu)

2.4 2.8

[} 0.4 0.8 1.2 1.6 2
Turbine speed (pu)

Fig. 3 Turbine speed-power characteristics
2.2 PV Generator Mathematical Modelling

To facilitate the computational analysis, here a single
diode model (Fig. 4) is adopted for designing PV module
which is simpler and effective compared to other PV
module. Mathematically it can be modelled as[9]:
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Fig. 4 Single diode model of PV module
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(6)
Where,

lo= PV cell output current

Ien = Short circuit photon current

ls = Reverse diode saturation current
Vv = PV cell output voltage

Rs = Resistance in series

Rsn = Shunt resistance

V: = Terminal voltage

Ns = PV cells in series

2.3 Fuel cell mathematical modelling

An electrochemical device that produces electrical power
by processing H, and Oy is called fuel cell. In this context,
a proton exchange membrane fuel cell (PEMFC) has been
adopted. It comprises cathode, anode and electrolyte
membrane as major components. The H; gas at anode
terminal gets ionized and O is present at cathode terminal.
The electrochemical reaction is processed on the presence
of platinum catalyst as:

1H2<:>H++e_

Y]

Also, the single cell output is derived mathematically as

[9l:

V0 = ENer -V

activation

Vo —V,

ohm concen (8)

Where,
Vo = Single cell output voltage
Ener = Electrode Potential
Vonm = Ohmic voltage drop
Veoncen = VOItage drop due to concentration

The V-l and P-lI characteristics of fuel cell are
presented by Fig. 5 (a) & (b) respectively at different
temperatures.
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Fig. 5 Characteristics of fuel cell at different temperature
(@) V-1 (b) P-I

3. Control Scheme

3.1 Firefly Asymmetrical Fuzzy Logic Controller (FAFLC)
based MPPT

The classical MPPT algorithms are not suitable for non-
linear variations of environmental conditions because of
variations in settling time and peak overshoot. Fuzzy logic
controller based MPPT is more appropriate and gives
accurate response during these conditions. In this research
work, a firefly asymmetrical FLC based MPPT has been
proposed to improve the dynamic uncertainty under
complex and transient operating conditions. The FA MPPT
heuristic algorithm was introduced by Yang in 2009.
Intensity of light and brightness is determined by inverse
square law and fitness function respectively. This MPPT
algorithm is more powerful method because of its ability
to obtain MPP with high convergence speed. It is based on
flashing of firefly which depends on relative brightness of
two fireflies. The firefly with less brightness will follow
the brighter one. Moreover, firefly with equal brightness
will move randomly which is evaluated by the objective
function. The population size, FA constants and
termination inertia have been fixed during implementation
of this algorithm. Moreover, the position and brightness of
the firefly has been treated as duty ratio of cuk converter
and power generated from PV respectively. The position of
the fireflies lies in the range d™" and d™ of the duty cycle
of cuk converter. Also brighter firefly remains in the
position while other firefly updates their positions. In first
step of FA based MPPT algorithm the control parameters
as reference voltage (Vrer), Size of population etc. are set.
Also, the initial populations of fireflies are generated in
second step. The fitness function is determined to evaluate
the brightness of the firefly. Moreover, the Euclidean
distance equation is used to find the update position of
firefly. Best global position is obtained once the
termination criterion has been achieved else go to step 3
and determine fitness function. FA algorithm again restarts
as sensor detects the change in irradiance level.

The proposed firefly algorithm tunes the membership
function of fuzzy logic controller which tracks optimal
power from PV-Wind-Fuel based hybrid system. The
tracking efficiency and tracking convergence speed can be
improved by proper adjustment of FA parameters. By
reducing the randomization parameters (f) in each

iteration of 0.0001, the high tracking efficiency with zero
oscillation around MPP is obtained. Also, degree of
attractiveness (o) provides tuned and fast convergence
speed by addition of 0.1 in each iteration. The firefly
position and brightness represent the duty cycle and net
output power respectively.

Ajiatmo et al [23] has discussed the FLC-FA based MPPT
for solar car application using PSIM simulation
environment. The FLC-FA based MPPT provides better
tracking efficiency compared to P&O and FLC algorithm
based MPPT. However, the validation of the FLC-FA
based MPPT controller has not been discussed
experimentally In this research work FA based AFLC
algorithm has been proposed for PV-Wind-Fuel cell based
hybrid system. The novelty of this research work is the
firefly algorithm with asymmetrical FLC has not been
discussed by any researchers for PV-Wind-Fuel based
MPPT controller. Also, experimental verification of hybrid
FAFLC based MPPT using dSPACE real time control
board for hybrid energy sources validates the novelty of
the proposed controller design by author’s best knowledge.

In this research paper the hybrid FAFLC algorithm of
MPPT has been proposed to achieve global power point
under adverse weather conditions. Fig 6 describes the flow
chart of firefly algorithm in which step by step process of
this method has been explained.
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Fig. 6 Flow chart Firefly algorithm

Consider D; and Dj are the positions of two fireflies,
respectively. The distance (dj) between two fireflies can
be calculated mathematically as

d; =D, - Dj||= \/Z(Dm —Dix f
K=1 9)

Also, the degree of attractiveness o can be expressed as
a function of distance with initial attractiveness (o) and
absorption coefficient (P) as:

a(d) =«, xe? 0< £ <10 (10)

Let the i firefly has less brightness compared to j"
firefly. The i" firefly’s new position can be calculated
mathematically as:

D =D +ay+e (0] D7)+ ARand -08) 1)y

Where i =Random movement factor = constant

o=p =1 O<Rand <1

The FLC controller comprises fuzzification, rule base
and defuzzification as major blocks which are presented
by Fig 7.

I
I
AP V) | 1
% | |
' ! 1Ad
| 1 Inference | ref
! =P Enginc =
Ad I ! 2; : ; \
4

Fuzzification

—_—— e ———

Fig. 7 FLC Controller

In fuzzification, asymmetrical membership functions
have been employed as negative high, negative medium,
negative low, zero, positive low, positive medium and
positive high depicted in Fig 8.
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There are 49 fuzzy rules which have been assigned
based on max-min composition. Table 1 shows the
assigned fuzzy inference rule base. The gating pulse for
power switch of cuk dc-dc converter has been generated
by the method of defuzzification.

Table 1. Inference Rule base for Fuzzy Controller
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3.2 SVPWM based inverter control

Compared to other inverter control techniques, the
SVPWM method is most acceptable for generation of
sinusoidal signal to the power switches of inverter. In this
technique, the d-g rotating synchronized frame based
current control has been realized. Fig. 9 shows the
complete closed loop control block diagram of voltage
source inverter.
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Fig. 9 Closed loop control of VSI

The PI controllers are used for minimization of error

produced in d-q axis. The following mathematical

expressions of output d-q axis reference voltage have been

used for realization current  control scheme.
I,

Lo Mo/ ~Uy + algl, =0

(12)

dl,
U,-Le dt_U9q+wLG|d:0 (13)

The d-g components of inverter voltage have been
transformed to o-f frame and fed to SVPWM control
block. The 6 active and 2 zero vectors have been generated
is depicted by Fig. 10 as an output of SVPWM sectors.
The Grid angle is determined and it is synchronized by the
method of zero-crossing.
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Fig. 10 SVPWM active and zero vectors
4, Results and Discussion

To validate the proposed hybrid MPPT control, the
simulink model run through dSPACE DS1104 real time
interface. The switching signal to the switch is generated
using data acquisition dSPACE 1104 control board.
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Fig. 11 Variable ambient condition
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Fig. 12 Experimental responses of PV power, voltage and
current using proposed MPPT control
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Fig. 13 Experimental responses of PV power, voltage and
current using conventional hill climbing MPPT control

The level of irradiance, wind speed and hydrogen

consumption level have been applied as input variables to
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the proposed MPPT controller for generation of required
gating signal. The produced signal has been passed
through DS 1104 SL_DSP_PWM control block to get the
PWM pulses for power switch of dc-dc converter.

The personal computer is employed to observe the fuel
cell voltage and current through control desk and data is
logged to heliocentric through data acquisition. IRFZ24N
MOSFET is used as a power switch of dc-dc converter and
ACS712ELCTR-30A-T as a current sensor. Fig. 11 shows
the variable environmental condition applied to test the
proposed and conventional MPPT based control strategies.
The comparison waveforms of PV current, voltage and
power at variable irradiance and temperature level using
proposed Fuzzy logic and conventional hill climbing based
MPPT methods are shown in Fig. 12 & 13 respectively.
From hardware results, it is clear that the proposed FLC
based MPPT has effective and accurate power tracking
performance under similar ambient conditions compared
to conventional hill climbing method. In case of
conventional MPPT algorithm, PV current, voltage and
power waveforms have oscillation compared to the
proposed Fuzzy logic based MPPT algorithm which is
depicted in Fig. 13.
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Fig. 14 Experimental (a) wind speed profile (b) Wind
power

Fig. 14 (a) shows the experimental wind speed applied
to the proposed MPPT controller so that it follows the
maximum power point region effectively which is
presented in Fig 14 (b). The proposed controller is able to
track accurate and precise maximum power from wind
turbine under variable wind speed.
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Fig. 15 Experimental obtained fuel cell (a) current (b)
voltage (c) power

The practical results are shown in Fig. 15 reveals that
the maximum power is obtained from fuel cell with very
less ripple content. It validates the promising relevance of
the proposed controller as it has high convergence speed
with optimal power point tracking capability. The hardware
responses of PV power, voltage, current and gate drive
signal are presented in Fig. 16 under steady state
conditions. From the tracking performance test responses,
it is clear that the MPP is achieved and tracking power
error is minimized.
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Fig. 16 Experimental PV power, voltage, current and
gate drive at steady state

The proposed controller is tested experimentally under
transient weather conditions. The PV power, voltage,
current and gate signal are presented experimentally in
Fig. 17. From practical results, it is clear that the proposed
controller works accurately and successfully under cloudy
weather conditions and able to find MPP with high
tracking efficiency.
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Fig. 17 Experimental PV power, voltage, current and
gate drive at dynamic state

The practically obtained inverter voltage and current is
depicted by Fig 18 under steady state condition. The
digital oscilloscope (DPO 3014) is used to measure the
frequency of inverter current. From experimental results, it
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is clear that the proposed controller is able to provide unity
power factor with grid synchronization.
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Fig. 18 Experimental obtained inverter voltage and
current at steady state
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Fig. 19 Experimental dc-link voltage and inverter
output at steady state

The dc-link voltage and inverter output is obtained
experimentally and presented by Fig. 19. The inverter
voltage is pure sinusoidal in nature and has smooth output
voltage from dc-dc converter with less fluctuations which
validates the excellent performance of the proposed
controller.
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Fig. 20 Experimental obtained grid voltage and
current at steady state
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Fig. 21 Experimental obtained grid voltage and
current at dynamic state

The hardware grid voltage and current results obtained
experimentally are presented by Fig. 20 & 21 under steady
and dynamic operating conditions respectively.

THD 1.6%
4’ -1.00 .....................
+----- S50°f------""=""=======-=-=-=--
SEIEL DECECEEEEEEEY I L I e I S ST B
THD 1 5 9 13 17 21 25
Harmonics
(a)

1557



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

N. Priyadarshi et al., Vol.7, No.4, 2017

THD 3.6%
B Bt L1 L
4----- S50%f----------c-ccc--
b o g m om m o ow . T R I R A A L
THD 1 5 9 13 17 21 25
Harmonics
(b)

Fig. 22 Experimental obtained THD of grid (a) voltage
(b) current

From practical results, it is evident that the inverter
injects sinusoidal current to the utility grid to make power
factor unity under steady as well as dynamic weather
conditions. The power quality analyzer has been employed
to measure the THD of grid voltage and current.
Experimentally it is found that grid voltage and current has
1.6 and 3.6 percentage THD value presented by Fig 22 (a)
& (b) respectively which strictly follows the IEEE 519
grid recommendation.

0.98
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Proposed Control

0.96
0.95
0.94 Conventional Control

0.93

Efficiency

0.92
0.91
0.9

0 200 400 600 800 1000 1200
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Fig. 23 Practically obtained proposed Vs
conventional MPPT performance

Moreover, the practically obtained tracking efficiency
of the proposed versus conventional MPPT controller is
explained by Fig 23. Experimental measured tracking
efficiency curve reveals that the proposed MPPT controller
provides high tracking efficiency, good dynamic response
and negligible steady state error under abnormal weather
conditions. The practical responses validate the effective
design of the proposed hybrid MPPT controller for grid
integration.

Fuel Cell System

Fig. 24 Experimental hybrid controller using dSPACE
platform

Fig. 24 depicts the developed experimental set up of
hybrid controller integrated with grid in the research
laboratory. In this work PV simulator, personal computer,
cuk converter with 10 kHz switching frequency, grid
emulator and oscilloscope used as a major components.
The proposed MPPT and inverter control has been
implemented in dSPACE real time board which is fully
programmed using Simulink and interfaced with external
hardware. The wind turbine is connected with cuk dc-dc
converter. Heliocentris constructor fuel cell system is
employed which works on H, and air with no
humidification. The practically implemented hybrid
controller works efficiently with high performance under
dynamic conditions such as variable solar irradiance,
hydrogen consumption and changing wind speed. The
outcome of the results reveals that when solar and wind
energies are complementary to each other naturally, the
hybrid system will minimize the total system cost as well
as reduces battery storage capacity considerably. This
research paper presents the FAFLC based MPPT controller
for PV-Wind-Fuel integration to the utility grid under
varying solar irradiance, wind speed and hydrogen
consumption. Compared to other MPPT algorithm
discussed in literature, the FAFLC based MPPT provides
high tracked power in small convergence period under
varying environmental conditions. Moreover, the tracking
power from hybrid system has been maximized with
minimum fuel consumption.

5. Conclusion

In this research work, the performance of PV, wind and
fuel cell based hybrid system integrated to utility grid has
been investigated practically using dSPACE DS 1104
controller interface. The hybrid MPPT is obtained through
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FAFLC control. The SVPWM based current controller is
employed for grid side inverter to minimize THD and
improve inverter current at point of common coupling. The
experimental results have been validated using dSPACE
DS 1104 hardware platform under variable irradiance
level, wind speed and hydrogen consumption with
improved performance, high tracking efficiency and low
hydrogen consumption.

Appendix

Grid voltage: 230V

Grid Frequency: 50Hz

Controller Used: dSPACE real time board
Type of MOSFET: IRFZ24N

Used Diode: BYW98-20

Current sensor : ACST712ELCTR-30A-T

Wind turbine Specification

Rated power: 200 W
Type of Generator: PMSG
Rated Speed: 1800 rpm
Number of poles: 4

Solar Panel Specification

Peak Power: 200 W
Peak Voltage: 26.6 V
Peak current; 752 A

Open Circuit Voltage: 33.2V

Short Circuit Current:  8.36 A

Fuel Cell Specification

Ideal thermodynamic predicted voltage (Ethermo) = 1.3V
Total cell internal resistance (Ronmic) = 0.375 cm?

Peak temperature of stack=  70°C

Hydrogen Pressure=  0.55-0.65 bar

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

K. Kumar, N. R. Babu, and K. R. Prabhu, “Design
and Analysis of an Integrated Cuk-SEPIC Converter
with MPPT for Standalone Wind/PV Hybrid System”,
International Journal of Renewable Energy Research,
Vol.7, No.1,PP. 96-106, 2017.

N. Priyadarshi, A. Anand, AK. Sharma, F. Azam, VK.
Singh and RK. Sinha, “An Experimental
Implementation and Testing of GA based Maximum
Power Point Tracking for PV System under Varying
Ambient Conditions Using dSPACE DS 1104
Controller”, International Journal Of Renewable
Energy Research, Vol.7, No.1, pp. 255-265, 2017.

Y. Zhang, H. Luo, Y. Sun, and Y. Wang,”Study on
Effect of Ship Low Frequency Vibration on the
Output Characteristics of PV Cells under Different
Solar Irradiation”, 4" International Conference on
Renewable Energy Research and Application, ,PP.
542-546, Nov2015, Italy.

G. D. Francia, “The Effect of Technological
Innovations on the Cost of the Photovoltaic
Electricity”, 4" International Conference on
Renewable Energy Research and Application, PP.
388-392, Nov 2015, ltaly.

D. K. Yadav, T. S. Bhatti, and Ashu Verma, “Study
of Integrated Rural Electrification System Using
Wind-Biogas Based Hybrid System andLimited Grid
Supply System”, International Journal of Renewable
Energy Research, Vol.7, No.1,PP. 1-11, 2017.

N. Chellammal, R. C. llambirai, S. S. Dash, and K.V.
Rahul, “Integration of Renewable Energy in OFF Grid
System using three port Zeta Converter”,
5Minternational Conference on Renewable Energy
Research and Application, ,PP. 971-976, Nov 2016,
UK.

M. S. Hamad, K. H. Ahmed, and A. S. Abdel-
Khalik, “Grid Connected High Power Medium
Voltage Wind Energy Conversion System with
Reduced Line Harmonics”, 4" International
Conference on Renewable Energy Research and
Application, PP. 1279-1284, Nov 2015, Italy.

M. Akif Senol, H. Gozde, and M. C.
Taplamacioglu,”Design of Swarm Intelligence Based
Optimal

Controller to Direct Matrix Converter Used In
Renewable  Energy  System”,5"  International

1559



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

N. Priyadarshi et al., Vol.7, No.4, 2017

Conference on Renewable Energy Research and
Application, PP. 247-252, Nov 2016, UK.

[91 M.A. Rosli, N.Z. Yahaya, and Z. Baharudin, “ A
Multi-Input  Converter for Hybrid Photovoltaic
Array/Wind Turbine/Fuel Cell and Battery Storage
System Connected AC Grid Network”, IEEE
Innovative Smart Grid Technologies - Asia (ISGT
ASIA).

[10]Z. Yao, L. Xiao, and J.M. Guerrero, “Improved
control strategy for the three-phase grid-connected
inverter”, IET Renew. Power Gener, 9 (6): 587-592

[11]H. AL-Atrash, I. Batarseh and K. Rustom, “Effect of
Measurement Noise and Bias on Hill-Climbing MPPT
Algorithms”, |IEEE transactions on aerospace and
electronic systems vol. 46, no. 2 april 2010.

[12]D. Sera, L. Mathe, T. Kerekes, S.V. Spataru and R.
Teodorescu, “On the Perturb-and-Observe and
Incremental Conductance MPPT Methods for PV
Systems”, IEEE journal of photovoltaics, vol. 3, no. 3,
july 2013.

[13]N. Gupta, R. Garg and P. Kumar, “Asymmetrical
Fuzzy logic control to PV Module Connected micro-
grid”, IEEE INDICON.

[14]S. Mohamed, A. Berzoy, and O. Mohammed,
“Design and Hardware Implementation of FLMPPT
Control of PV Systems Based on GA and Small-
Signal Analysis”,DOI 10.1109/TSTE.2016.2598240,
IEEE Transactions on Sustainable Energy.

[15]F.M.D. Oliveira, A. Sérgio, S.A.0.D. Silva, F.R.
Durand, L.P. Sampaio, V.D. Bacon and L.B.G.
Campanhol, “Grid-tied photovoltaic system based on
PSO MPPT technique with active power line
conditioning”, ISSN 1755-4535. DOI: 10.1049/iet-
pel.2015.0655

[16]P. TSawant, P.C. Lbhattar and C.L. Bhattar,
“Enhancement of PV System Based on Artificial Bee
Colony Algorithm under dynamic Conditions”,IEEE
International Conference On Recent Trends In
Electronics Information Communication Technology,
May 20-21, 2016, India

[L7]1F. Keyrouz, M. Hamad, and S. Georges, “A novel
unified maximum power point tracker for controlling
a hybrid wind-solar and fuel-cell system”, 2013
Eighth International Conference and Exhibition on
Ecological Vehicles and Renewable Energies
(EVER).

[18] M. Ghanes, M. Trabelsi, H. Abu-Rub and L. Ben-
Brahim, “Robust Adaptive Observer Based Model
Predictive Control for Multilevel Flying Capacitors
Inverter”, IEEE transactions on industrial electronics.

[19]R. Choudhary and L. Sarkar, “Single Phase Five
Level Transistor Clamped Inverter with Multi-band
Hysteresis Current Control”, IEEE.

[20]S. Gunter and F.W. Fuchs, “Analytical
Semiconductor Loss Calculation of Hysteresis Current
Controlled 2-Level and 3-Level ANPC Inverters in
Grid Impedance Measurement and Active Filter
Applications”, IECON2015 Yokohama. November 9-
12, 2015.

[21]S. Keerthipati and K.K. Nallamekala, “UPSC
SVPWM controlled multi-level inverter topology for
multiple pole-pair induction motor drive for
minimising torque ripple”, IET Power Electron., 2016,
Vol. 9 (6): 1306-1314.

[22] N. Saravanan and R. Babu, “Performance Analysis of
Boost & Cuk Converter inMPPT Based PV System”,
2015 International Conference on Circuit, Power and
Computing Technologies [ICCPCT].

[23]D. Ajiatmo and I. Robandi, “A Hybrid Fuzzy Logic
Controller-Firefly Algorithm (FLC-FA) Based for
MPPT Photovoltaic (PV) System in Solar Car”, 2016
IEEE International Conference on Power and
Renewable Energy.

1560



