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Abstract — In recent years power quality is the major issue considered in the power operating
devices. Because nowadays power operating applications can be increased, which causes power
quality disturbances. The power quality degradation caused voltage deviation and unbalanced
voltage in the system. To reduce the power quality disturbance and improve that are the difficult
tasks. It is overcome by using a large number of Power electronics devices. Here we proposed the
voltage regulation of the grid connected photovoltaic system using a neuro fuzzy controller. It
could regulate the voltage at the grid side. This proposed technique consists of photovoltaic cell,
that could produce dc voltage and the multilevel inverter has been used for the dc-ac conversion.
This proposed technique neuro fuzzy controller used for the pulse generation, in which we have
three layers input layer, hidden layer, output layer. The grid output voltage and the difference
voltage (difference between photovoltaic voltage and the grid voltage) is the two inputs of the
neuro fuzzy controller input layer. Depends on the fuzzy rules, the controller has been trained. The
output layer of the neuro fuzzy controller is the controlled voltage, which generate the appropriate
gate pulses. This is used to operate the multilevel inverter, it makes the proper conduction in the
multilevel inverter. Finally it results regulated voltage has been maintained at the grid side.
Copyright © 2013 Praise Worthy Prize S.r.I. - All rights reserved.
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l. Introduction

In renewable energy sources, the continuous economic
development of many countries and the environmental
issues observed in the last decades forced an intense
research.
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Due to their considerable advantages [1], such as
reliability, reasonable installation and energy production
costs, low environmental impact, capability to support
micro grid systems and to connect to the electric grid [3]
Hydro, photovoltaic (PV) and wind energy conversion
are the most explored technologies. The PV is pointed
out as one of the most modular and environmentally
friendly technologies, among these energy sources [2].

For enabling electricity access for those people, and
also for remote applications, the stand-alone PV system
is an interesting alternative [4] and [5].

In photovoltaic systems, by PV arrays solar energy is
changed into electrical energy [6]. Since PV arrays are
clean, inexhaustible and involve little maintenance, they
are very popular. Between the PV arrays and the grid,
Photovoltaic  systems require interfacing power
converters [7]. For two major tasks these power
converters are used they are to ensure that the PV arrays
are operated at the maximum power point (MPPT) [8]
and [9] and to inject a sinusoidal current into the grid. In
general there are two power converters [10], [11]. The
first one is a DC/DC power converter that is used to
operate the PV arrays at the maximum power point.

The other one is a DC/AC power converter to
interconnect the photovoltaic system to the grid [12].

Over a conventional two level converter such as:
reducing switching frequency, output voltage with very
low distortion and reduced dv/dt stress, multilevel power
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converters present several advantages [13]. Several
multilevel topologies have been applied to photovoltaic
systems in this way [15], [27].

Neutral-point-clamped and flying-capacitor MLIs,
requiring only one dc source, and cascaded H-bridge
MLI (CHB-MLI) are the three basic MLI topologies
requiring separate dc sources. The latter characteristic,
which is a disadvantage when a single dc source is
available, becomes a very attractive feature in the case of
PV systems, because solar cells can be assembled in a
number of separate generators [16], [26]. In this way,
they convince the necessities of the CHB-MLI, obtaining
additional advantages such as a possible removal of the
dc/dc booster, a major reduction of the power drops
caused by sun darkening, and, as a result, a potential
increase of efficiency and reliability [19]. A noteworthy
problem in multilevel converter design is the complexity
of their control and of their pulse width modulator. [17]
and [18]. The multilevel inverter control conventional
space-vector PWM current regulator implementation is
generally computationally complex. [20].

Il. Recent Research Works:

A Brief Review

In literature many related works are already available
which is based on multilevel inverter with photovoltaic
applications. Some of them reviewed here. Carlo Cecati
et al. [21] have investigated a converter for photovoltaic
(PV) systems frequently consist of two stages: a dc/dc
booster and a pulse width modulated (PWM) inverter.

They proposed a single-phase H-bridge multilevel
converter for PV systems governed by a integrated fuzzy
logic controller (FLC)/modulator. The novelties of the
proposed system were the use of a fully FLC and the use
of an H-bridge power-sharing algorithm. The majority of
the required signal processing was performed by a
mixed-mode field-programmable gate array, resulting in
a fully integrated System-on-Chip controller. The general
architecture of the system and its chief performance in a
great spectrum of practical situations were offered and
discussed.

R. Seyezhai et al. [22] have presented a Multilevel
Inverter (MLI). This is developed as an attractive
topology for high voltage DC-AC conversion. For a
hybrid multilevel inverter employing Silicon carbide
(SiC) switches for fuel cell applications, they focus on a
dual reference modulation technique. As the carrier
waveform the proposed modulation technique employs
two reference waveforms and a single inverted sine
wave. In terms of output voltage spectral quality and
switching losses, this technique was compared with the
conventional dual carrier waveform. The performance of
the inverter has been analyzed and compared with the
result obtained from theory and simulation.

R.Chandralekha et al. [23] have discussed the
optimization in a joint power system with solar cell
subsystem, wind turbine driven induction generator sub
system and diesel Generator set.
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Continuous power supply can be ensured by these
sub-systems used in tandem and with battery backup.
Solar cells would have the limitation of power generation
during day time only while the wind turbine driven IG to
a local community will have fluctuations in power
generation due to difference in wind velocity. To
consumers living in remote localities like villages in hill
tops where grid supply may not exist, the combination
provided continuous power supply. For obtaining a
constant voltage and constant frequency a.c. power
supply for utility and commercial applications the power
electronic scheme proposed which involves a choice of
power source inverter.

C. Vijayalakshmi et al. [24] have discussed about the
project based on a high conversion ratio hybrid DC-DC
converter fed single-phase low harmonic distortion nine-
level photovoltaic (PV) inverter topology for PV power
conditioning systems with a pulse width-modulated
(PWM) control scheme.

To keep the current injected into the grid sinusoidal
and to have good dynamic performance with rapidly
changing atmospheric conditions a digital Pl control
algorithm  is  implemented in  microcontroller
PIC16C7F88. For low-voltage dc energy sources, a
power conditioning system (PCS) is required before
making it to ac for grid tie applications to change the
energy sources to a higher-voltage dc. The aim of this
project is to introduce and discuss the main features of
these relatively new circuit topologies that deal with
these practical design issues.

M. Raghu Vamsi Goutham et al. [25] have proposed a
three-phase cascaded H-bridge converter. This converter
is designed for a stand-alone photovoltaic (PV)
application. The multilevel topology consists of several
H-bridge cells connected in series, each one connected to
a string of PV modules. The adopted control scheme
permits the independent control of each dc-link voltage,
enabling, in this way, the tracking of the maximum
power point for each string of PV panels. Moreover, low
ripple sinusoidal-current waveforms are generated with
almost unity power factor. The topology offers other
advantages such as the operation at lower switching
frequency or lower current ripple compared to standard
two-level topologies. For different operating conditions
simulation and experimental results were presented.

R. Seyezhai [26] has proposed a single-phase five-
level inverter. This inverter is designed with reduced
number of switches. The inverter consists of a full bridge
inverter and an auxiliary circuit with four diodes and a
switch. Zero, +0.5Vdc, +Vdc, -0.5Vdc and —Vdc are the
five levels in which the inverter produces output voltage.
For the CMLI, a novel dual reference modulation
technique has been proposed. The dual carrier
modulation technique uses two identical inverted sine
carrier signals each with amplitude accurately half of the
amplitude of the sinusoidal reference signal to produce
PWM signals for the switches. Using Perturb and
Observe (P&O) algorithm, Maximum Power Point
(MPPT) has been tracked for PV inverter.
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To progress the dynamic response of the inverter, a
Proportional Integral (PI) control algorithm was
implemented.

J. R. Maglin et al. [27] have discussed about the
problems related with solar converters in the solar power
system due to the participation in more number of power
electronics components. They discussed the study of the
behaviors of the solar PV systems and the power quality
issues in converters. By the switching system of the
power electronic circuit and could cause damage to
power equipment on the utility side and sensitive loads
on the customer side, harmonics were created.

The multilevel inverter is widely used as the most
modular and environmentally friendly technologies
which is reviewed from the recent research works. The
multilevel inverter topology plays an important role for
rectifying the switching losses, the voltage stress, the
total harmonic distortion (THD) and the high switching
frequency in solar power generation system. Different
multilevel inverter topologies are used in solar power
generation (PV). The topology is varied due to the output
variation and THD of inverter; also, the topology design
is a complex task.

By different essential topologies like single phase
cascaded H-bridge multilevel inverter, diode-clamped
multilevel inverter and single phase five level inverter
the problems are overcome. For the unknown load and
parameter variations, the above existing models depend
on the precise topology of the system and the topologies
cannot be adaptive. Very few works are presented to
solve those problems and also the presented works are
ineffective in literature. Therefore, to do this research
work all these drawbacks have motivated.

Photo Voltaic cell (PV) using power generation and
the voltage regulation of the grid side are described in the
block diagram, which is shown in Fig. 1. The PV cell is
used for the generation of dc power, it is series with
multi level inverter, which provides dc voltage into the
boosted output three phase ac voltages to the grid.

The voltage on the grid is not constant at all time. So
the regulatory process was given in the circuit by adding
the neuro fuzzy system. The grid voltage was sensed by
the voltage sensor.

The actual grid voltage (V) is given to the

Function of the Proposed Methodology

comparator. Also the photovoltaic output voltage (V)

provided to the comparator, which compares both the
voltages and generates difference voltage (V).

The grid output voltage (Vg) and the difference
voltage (Vd) are given to the neuro fuzzy controller

system, which provides the control voltage (VCVN ) in the

form of appropriate gate pulses to the multilevel inverter.
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In this way the voltage regulation is performed. The
PV cell description is given in detail to the next

section.lll.1.
Multi
©

PVeel - Level

‘ - Inverter

control
voltage

(Va)

Vg

Neuro fuzzy

controller Ve

vd c
Vo

Fig. 1. Line diagram of proposed methodology

I11.1. PV Cell Description

The PV system is used to convert the sunlight into
electricity. The PV system contains solar cells. It may be
grouped to form panels or arrays. The PV cells are
semiconductor. The electricity produced near the top
surface of the cell where the P-N junction materials are
in contact. This electric field provides the force and
direction to the light stimulated electrons when the
sunlight strikes the surface of the PV cell. Resulting in a
flow of current when the solar cell is connected to an
electrical load. The current (and power) output of a PV
cell depends on its efficiency and size (surface area), and
is proportional to the intensity of sunlight striking the
surface of the cell.

[dl .
Vo oy

Fig. 2. PV cell equivalent circuit

The PV cell current is given by:
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where, q is the electron charge (1.6><10’1QC), k is

Boltzmann’s  constant (1.38x10‘23J/K),T is the

temperature in K and N is the number of cells of the

| . N
mInl—'-y is the open circuit voltage,
D

Imp is the current at maximum power that is denoted by

module, V.
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_ | c
lo=1_(1-c™®) let c=1+In-Ly and d=——, m
mP L( ) Io y c+1
is the cell recombination coefficient (1<m<3).

Fig. 2 shows the equivalent circuit of the PV cell.
Normally the solar cell is a current source. The
equivalent circuit shows the solar cell with a diode D
and series resistance R,. The solar cell produces the
current | . Itis divided into two current values i.e., diode
current 1y and output current Ig. It provides more

accuracy due to the presence of series resistance R .

The proposed circuit was given in the following
section 111.2.

111.2.  Proposed H-Bridge Multilevel Inverter Working

The proposed H-bridge multilevel inverter was shown
in Fig. 3. It consists of series H-bridges, which is in the
order of h. The proposed system has three sections and

each section produces a single phase voltage (Vg,Vy

andVg ). It makes a three phase output voltage, in which

bridge's neutral point is commonly connected to the point
O . The output voltage of the proposed system is h level.

If we consider which is in the 5 level waveform circuit
means the output voltage generation in each phase is
given in the following Table I.

Fig. 3. Proposed H-bridge multilevel inverter

TABLE |
LEVEL INVERTER OUTPUT VOLTAGE FOR EACH PHASE
Angle « \'A Vy Vg
0O<as<a 0 -V, v, /3
a1Sa£a2 Vdc/3 - Vdc/3 Vdc/3
a, <a<a, v, /3 -V, /3 0
a, <a<nf2 v, 0 0

The above table shows the 5 level inverter output
voltages of three phases, in which the R phase output

voltage is (Vg ) the combination of two voltage level i.e.,
V, and V. In this table the switching angle 6 and the

corresponding output voltages are given, the 5 level
inverter output waveform is given in the Fig. 4.
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Fig. 4. Multilevel inverter fundamental frequency waveform

Similarly other two phase output voltages are
illustrated in the table.

The standard multilevel inverter 5 level waveform is
given in the above figure. The total output voltage is the
combination of first bridge output voltage and the second
bridge output voltage. The cascaded H-bridge model
detailed process is given in the next section 111.2.1.

111.2.1. Model of the Cascaded H-Bridge

Normally H-bridge is an electronic circuit which
enables a voltage across a load in both directions. Four
semiconductor switches form an ordinary H-bridge
circuit, in that the positive and negative voltage applied
by a load depending on the switching action. The main
advantage of the cascaded H-bridge multilevel is that it
needs less number of components compare to the other
two multilevel inverters like diode clamped and the
flying capacitor, so the price and the weight of the
inverter is less than that of the two former types. The
cascaded H-bridge develops to connect more than one H-
bridges in the series. Fig. 3 shows the proposed system
consists of h dc generators and cascaded H-bridges.

These are arranged in a three phase multi level
inverter topology. The PV cells are arranged series or in
parallel with each dc generator and obtain required
output voltage. Three single phase systems are connected
star or delta connection can make the three phase system.

The number of the output voltage level of the H-
bridge is 2h+1, where h is the number of levels. The
number of levels and the H-bridges has to be chosen
according to the available PV fields and design
considerations. The number of levels chosen high to
produce better sinusoidal voltage waveform and the
current waveform. However the switching frequency
reduced by increasing the number of levels compared to
two level inverters.

The multi level inverter uses each H-bridge can be
produced a square waveform, the inverter output voltage
increases with each level. Each level of the H-bridge
having different voltages. The dc capacitor was used to
increase the voltage level according to the switching
action. The voltage of the multilevel inverter in single
phase is given by:
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sina’
Vv V' || cosat+ cosat+  cosast+  cosa,! 2
B1 b 1 2 3 4 sin3a
Ve | 2V |V.2 || cos3ey® + cos3a,”+ cos3as” + c0s3a,’ 3
: e I . : ) . :
Ven V," || coshey + cosha,” + coshas" + coshey" || sinhe”
L h |

where, Vg; Vg,....Vg, is the bridge voltages, V. is the
source voltage of each bridge, oo, a5 .0,
i=12,3,4 is the switching angles, 1,3...h harmonic

order.
The inverter output voltage in single phase is given

by:

4
VR:%Z > [cosmocji

]sin ma'
M7 2| m=135..h

(@)

where, Vg is the total output voltage of the single phase,

m is the harmonic order. Similarly the other two phase
voltages are determined, so the total grid voltage can be
represented by:

Vy =Vg sin(a)+Vy sin(a —27/3)+ ,
+Vg sin(a —47/3) @)

The above equation is the multilevel inverter output
voltage, which is given to the grid i.e., grid voltage V..

The grid voltage is regulated by using the neuro fuzzy
controller.
The Neuro fuzzy controller input is grid voltage V,

and the difference voltage V, (difference between PV
voltage V, and the grid voltage V).

The difference voltage generated according to the time
instands, the random generation of different voltage and
the corresponding grid voltage is provided to the neuro
fuzzy controller. The random generation of difference

voltage generation is illustrated by the following
equation:
v, t Vgtl _vatl
Vd:tZ _ Vgt2 _:vatZ (4)
Vd'm Vgth _vath

where, t,t,...t, is the pulse timing for the voltage

generation.
The random generation of the grid voltage is given by
the following Eq. (5):
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Vg sin(a)™ + Vi sin(a —27/3)" + Vg sin(a —47/3)"
_ Wk sin(oc)t2 +Vg sin(a —271/3)tz +Vg sin(a —47r/3)t2

A sin(oe)th + Vg sin(a —27:/3)th + Vg sin(a —471/3)th

The above input Egs. (4) and (5) are used to train the
neural network. In this training data generate the fuzzy
rules. Depending upon the fuzzy rules the controlled

output voltage VC\,N was produced, which is given to the

multilevel inverter in the form of gating pulses.

According to the controlled gating pulses the output
voltage is developed, which regulates voltage. The
detailed explanation of the neuro fuzzy controller given
in the next section 111.3.

111.3.  Neuro Fuzzy Controller

Neuro fuzzy is in the field of artificial intelligence,
which is the combination of artificial neural networks
and fuzzy logic. The neural network is used to develop
the training dataset and testing for the input data applied.

The proposed method feed forward type neural
network was used. Usually the neural network consists
of three layers, which are (i) Input layer, (ii) Hidden
layer, (iii) Output layer. The NFC have two input layers
grid output voltage and the difference voltage, number of
hidden layers and one output i.e., the controlled output
voltage.

The controlled output voltage is used to give the
appropriate gate pulses, which is used to trigger the MLI
switches. This operation is used for the grid voltage
control.

The NFC operation briefly described in the next
section 111.3.1.

111.3.1. Control Voltage Generation Using NFC

The two inputs are given to the input layer i.e., grid
output voltage (V, ) and the difference voltage (V).
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The controlled voltage (AVCVN) is the output of the

neural network. The neural network process performed in
the hidden layer. The neural network structure is given in
Fig. 5.

ayer 3

Fig. 5. Neural network structure of the proposed method

From Fig. 5, the hidden layer is represented as
Y,1,Y55,... Yoy and the neuron weight is denoted as W .

The input layer to hidden neuron weight is W, and the
hidden layer to output layer weight is W, . The proposed

neural network training and weight adjustment are done
using the Back Propagation (BP) process. It is briefly
described in the following steps.

Stepl: Initialize all the dataset like input, output and
weight of the neuron. Here the inputs of the network are
grid output voltage V, and the difference voltage V .

The calculated control voltage V., is the output of
the network.

Step2: To determine the BP error of the input dataset
V, and V,:
VN =V N

cv T cv out

E, = (6)
N

ch T

voltage, V., N out IS the actual control output voltage.

Step3: Calculate the network output using the
following relation:

where, is the target control output

N
chNout = ZWanvch (n) (7)

n=1

where:

V,

cv

N (n) — |:1+ e(_Wlne(n)_WZnAe) j|71

The both above equations are represented the output
layer and hidden layer activation function respectively.
Step4: Find the new weights of all the neurons:

W g AW

(8)

new —
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where, AW is the change in weight,The change in
weight can be determined by the following relation,
AW =;/VCVN E, y is the learning rate which is ranging
from 0.2 to 0.5.

Step5: The process will be repeated from 2, until the
E, gets minimized to a least value:

10E, <1 )

Once the process is completed the network is well
trained and give control voltage VCVN. In this training

process completed, the fuzzy rules are generated. The
fuzzy rules consists of three stages like, fuzzification,
decision making and defuzzification. These processes are

used to produce the controlled voltage VCVN . The fuzzy
rules generation is described in next section 111.4.

[11.4. Development of Training Dataset
Using Fuzzy Rules

The operation of the controller is mainly depends on
the fuzzy rules. The fuzzy rules generated using fuzzy set
theory. Fuzzy controller has three steps fuzzification,
decision making, and defuzzification. During the
fuzzification process crisp values are converted into
fuzzy value. The triangular fuzzy set is used for this
work. The output is introduced to the decision making
block, which consists of a set of rules. Using the fuzzy
rules makes the decision for the appropriate control
voltage generated, it will be given to the defuzzification
process. Defuzzification is the inverse process of the
fuzzification.

Inputs
Vg & vd

Fuzzification

Decision
making

Y

Defuzzification

N
= Output Vg

Fig. 6. Fuzzy logic controller

The designing process of the Fuzzy logic controller is
given by:
Find out the grid voltage and the difference voltage.
Fuzzification process.
Making the decisions depending on the fuzzy rules.
Defuzzification process.
Check the output of the power operating device.
The linguistic variables of inputs grid voltage control

agrwbdE
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voltage V, difference voltage V4 and control voltage

V" are Negative Big (NB), Negative Small (NS), Zero

Error (ZE), Positive Big (PB) and Positive Small (PS).
These are in the rule base, which rules are tabulated in
the following Table I1.

TABLE Il
Fuzzy RULES
v
v ¢ NB NS ZE PS PB
d

NB ZE NS  NB PB PB
NS ZE NS  NB PB PB
ZE NS NB  ZE PS PB
PS NB PB NS PS PS
PB NB PB NS PS PS

The above table shows the fuzzy rules, it can develop
the control voltage VC\,N . This control voltage develops

the appropriate gate pulses, it is used to control the MLI
semiconductor switches. In the proposed system
discussed with the NFC, which can be performed on the
MATAB platform. The results proposed system and the
explanations are given in the next section V.

IV. Experimental Results and Discussions

The proposed technique was implemented in
MATLAB platform. In this proposed technique, the
normal grid voltage is not constant at all time. The grid
voltage was sensed by the voltage sensor. The sensed

actual grid voltage (Vg) and the photo voltaic output
voltage (Vp) is given to the comparator. The comparator
discovers the difference voltage (V) between both the
grid voltage (V,) and photo voltaic output voltage

(Vo). The grid output voltage (V) and the difference

g
voltage (V) are given to the proposed NFC technique.

The training of the NFC and the weight adjustment of
the neuron is done using the back propagation technique.

The control voltage (VCVN ) in the form of appropriate

gate pulse generation mainly depends on the fuzzy rules.

The proposed technique uses five level inverter and
the corresponding results are given in the following
figures. The Figs. 7(a), 7(b) and 7(c) are the standard five
level inverter staircase waveforms of the phases a, b and
c respectively. The normal grid voltage and the current
waveforms are given in the Figs. 8(a) and 8(b)
respectively. These are the normal conditions, then we
noted the arbitrary generation of faults during the
difference time faults. From Figs. 9(a) to 9(h) illustrates
both the voltage and current distortion duration between
0.015-0.02, for without control technique, Fuzzy Logic
control (FLC), Neural Network (NN) and Neuro Fuzzy
control techniques respectively.
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The Figs. 10(a) and 10(b) are the grid voltage and
current using the proposed NFC technique, its distortion
duration is between 0.02-0.025. The NFC control using
the grid voltage and current with the distortion duration
is between 0.03-0.035 is given in the Figs. 11(a) and
11(b).

Figs. 12(a) and 12(b) show the difference distortion
duration is between 0.045-0.05, using the proposed NFC
controller for both the grid voltage and current. The Figs.
13(a) and 13(b) is the grid voltage and current using the
proposed NFC technique, its distortion duration is
between 0.047-0.05.

Inverter Voltage1
200 T T T

150 |- : R : : : |

100k

L M N
0N WU
-ED .| & ‘|
_mn, . H B :

PP | o N (. ... N

-200

i L i i L i L i i
0 001 o002 003 004 005 006 007 0085 009 041

Time

@

Inverter Voltage2
T T T

Wh

K i I i i 1 i 1 i
0 o0 002 003 004 005 006 007 008
Time

(b)

Inverter Voltage3
T T T

-200

; i ; ; ; ; | H i
0 001 002 003 004 005 006 007 008 003 04
Time

©
Figs. 7. (a) MLI output voltage in phase a using NFC,

(b) ML output voltage in phase b using NFC and
(c) MLI output voltage in phase ¢ using NFC
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Figs. 9. Grid voltage and current during the Distortion time (0.015 to 0.02), (a) Grid output voltage without using control, (b) Grid output voltage
with FLC, (c) Grid output voltage with NN, (d) Grid output voltage with NFC, (e) Grid output current without using control, (f) Grid output current
with FLC, (g) Grid output current with NN and (h) Grid output current with NFC
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Figs. 10. Grid voltage and current during the Distortion time (0.02 to 0.025)
(a) Grid output voltage with NFC and (b) Grid output current with NFC
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Figs. 11. Grid voltage and current during the Distortion time (0.03 to 0.035)
(a) Grid output voltage with NFC and (b) Grid output current with NFC

Figs. 14(a) and 14(b) shows the difference time current with the distortion duration is between 0.052-
distortion duration is between 0.049-0.054, using the 0.057 is given in the Figs. 15(a) and 15(b).
proposed NFC controller for both the grid voltage and Similarly for the other techniques distortion duration
current. The NFC control using the grid voltage and is determined and the corresponding values are tabulated.
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12. Grid voltage and current during the Distortion time (0.045 to 0.05) (a) Grid output voltage with NFC and (b) Grid output current with NFC
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Figs. 13. Grid voltage and current during the Distortion time (0.047 to 0.052) (a) Grid output voltage with NFC, (b) Grid output current with NFC
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Figs. 14. Grid voltage and current during the Distortion time(0.049 to 0.054) (a) Grid output voltage with NFC and (b) Grid output current with NFC

The appropriate results for all the techniques are
compared in the following Table IlI, which differentiate
all the control techniques subjected to the different time
distortions, where, DD is the distortion duration. The
above table shows the difference time durations in the
grid connected photovoltaic system with MLI by using
various control techniques. The duration of distortion for
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each technique was tabulated. In that the proposed
technique is the most sufficient method of the grid
connected photovoltaic system with MLI. The
performance deviation of FLC and NFC, similarly the
performance deviation of NN and NFC has been
determined. The corresponding values are given in the
following Table IV.
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Figs. 15. Grid voltage and current during the Distortion time (0.052 to 0.057)
(a) Grid output voltage with NFC and (b) Grid output current with NFC

TABLE Il
DIFFERENCE TIME FAULTS

Without using Fuzzy Logic Neural Network Control ~ Neuro Fuzzy Control

DD _ control _ _Control ' _ ' _ :
DD in DD in DD in DD in DD in DD in DD in DD in
Voltage current Voltage  current Voltage current Voltage current
0.015-0.02 0.005 0.005 0.004 0.004 0.003 0.003 0.002 0.002
0.02-0.025 0.005 0.005 0.003 0.003 0.004 0.004 0.002 0.002
0.03-0.035 0.005 0.005 0.004 0.004 0.004 0.004 0.003 0.003
0.045-0.05 0.005 0.005 0.004 0.004 0.004 0.004 0.001 0.001
0.047-0.052 0.005 0.005 0.004 0.004 0.004 0.004 0.002 0.002
0.049-0.054  0.005 0.005 0.004 0.004 0.003 0.003 0.002 0.002
0.052-0.057  0.005 0.005 0.004 0.004 0.004 0.004 0.003 0.003

TABLE IV

PERFORMANCE OF DEVIATION

where, % of PDygne IS the percentage of performance

Performance deviation of Performance deviation

deviation of the NN and NFC. The both performance

D FLC and NFC of NN and NFC deviation is determined using the (10) and (11) equations
Voltagein ~ Currentin ~ Voltagein  Current and plotted in the graph, that is given in the Figs. 16(a)
(%) (%) (%) in (%) and 16(b).
0.015-0.02 50 50 333 333
0.02-0.025 333 333 50 50 - : —
0.03-0.035 25 25 25 25 Perfomance deviation of FLC & NFC
0.045-0.05 75 75 75 75 5 1o
0.047-0.052 50 50 50 50 £ 120
0.049-0.054 25 25 333 333 2
0.052-0.057 25 25 25 25 P \\/\‘\_‘
'_1;: 20 ~—current
Table IV shows the both performance deviation, the T e e e w e s
voltage and current values for the techniques are given in F&S
percentage. The every values determined by the N
- - -y - . Time duration
following equations. Initially the performance deviation
of the FLC and NFC equation is described as the @)
following:
Performance deviation of NN & NFC
160
NFC - FLC § o
% of PDpgng =————x100 (10) g 0
FLC g 80
5 60
g 40 /‘\/\\\‘ —m—current
where, % of PDggye is the percentage of performance s % e voltage
deviation of the FLC and NFC, similarly the performance K R G A )
e R A e-& Q_@, & Q_Qv Q‘;\ @9 Ky
deviation of the NN and NFC Eq. (11) is given by: o o7
Time duration
NFC - NN (b)
% of PDygng =—————x100 (11)
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Figs. 16. (a) Performance deviation of FLC and NFC and (b)
Performance deviation of NN and NFC
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The Figs. 16 illustrate the performance deviation of
the FLC and NFC, which consists of the time duration in
the x-axis and the deviation percentage in the y-axis.

The percentage of the deviation is determined by the
Eq. (8). Fig. 16(b) shows the performance deviation of
the NN and NFC, which is similar to the Fig. 16(a). The
above results shows the deviation among NN or FLC and
NFC is high. The distortion duration for for the proposed
technique is reduced, compared to other techniques.

V.

In this paper neuro fuzzy controller for  grid
connected photovoltaic system with multilevel inverter
was discussed. Here the grid voltage and current
deregulation were minimized by using the Neuro fuzzy
controller. The grid output voltage and the difference
output voltage were given to the input of the NFC.

The proposed NFC is already trained using back
propagation algorithm depends on the fuzzy rules. The
controlled output gate pulses were generated and it was
given to the multilevel inverter. The output of the
multilevel inverter was the five level staircase waveform,
it was given to the gird.

The grid output voltage and current for the proposed
NFC, NN and FLC with arbitrary time distortion were
discussed. Depending on the difference time distortion
for all the techniques, the proposed NFC technique is the
most sufficient technique in the grid connected
photovoltaic system with multilevel inverter. Because the
distortion duration and also voltage deviation of the
proposed technique are very low compared to other
techniques. The comparative results proved that the
proposed technique mitigated the voltage deviation to
sufficient level which are competent over the other
techniques.

Conclusion
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