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Abstract - A hybrid approach for a three-phase cascaded multilevel inverter (CMLI) for a grid-connected PV system is
proposed in this paper. The photovoltaic (PV) is connected to CMLI isolated DC-connections based on the respective DC-to-
DC converters. The proposed hybrid method is the joint performance of white shark optimizer (WSO) and extended fuzzy
wavelet neural network (FWNN); thus, it is known as the WSO-FWNN method. The primary objective of the proposed method
is to regulate the power or increase the energy conversion of solar systems and to maintain the power quality. CMLI is
incorporated switches, diodes and sources that are modelled to obtain the optimal control signal with the proposed controller.
WSO produces the most optimal control signal data set from the CMLI and evaluates the gain parameter under the source's
current normal value. FWNN is performed, which forecasts the most optimal control signals from the CMLI using the data set
produced by the WSO. The variation of the system parameters and the external disturbance is reduced with the proposed
method, and it satisfies the load demand of the system. At last, the proposed approach is actualized on the MATLAB/Simulink
platform, and its performance is compared with existing methods. From the simulation outcome, the proposed approach shows
less switching power losses of 0.04 W and a THD of 2.51%.

Keywords - Cascaded multilevel inverter, DC to DC converters, photovoltaic, THD, Power Quality.

1. Introduction

Infiltration into Renewable Energy Sources (RES) has
increased exponentially due to increased demand for global
electricity and awareness of the environmental problems
caused by the widespread use of fossil fuels [1]. One of the
RES is a photovoltaic (PV) source utilized to tackle energy
problems worldwide, particularly in areas with high levels of
sunlight [2]. At present, it is used to join the grid highly.
Indeed, its grid connection form is very efficient due to the
guarantee for the distribution of local loads and transmits the
excess PV-generated electricity to the grid [3]. Due to the
sudden growth of power electronics and system approaches,
the use of solar and wind systems connected to the grid has
increased significantly [4]. The components such as
rectifiers, boost converters and inverters play an essential
role in achieving effective power conversion based on RES
[5]. There are various disturbances occur in the grid due to
the utilization of various types of inverters and nonlinear
loads [6]. Usually, high heat is generated due to the harmonic
of the gird current, which causes an increase in losses and
insulation breakdown [7]. It produces the torque ripple,
leading to motor vibrations and noises. Moreover,
unnecessary reactive power leads to power factor reduction
and produces losses [8]. Additionally, failures, as well as
neutral current, are created by an unbalanced current [9].

Therefore, the PV system does not exceed harmonic
content limits and reactive current [51]. To reduce the
harmonics and minimizes the loss, multilevel inverters are
introduced, which are highly suited for medium and high-
power conversion systems [11-12].
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configuration is the multi-level inverter (MLI) topology, as
they have extra advantages [54].MLI is characterized by the
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ability to manage high voltages and good noise reduction,
excellent electromagnetic compatibility, and the low-pressure
voltage across switches. [14-15].RES grid integration uses a
number of conventional symmetric, asymmetric and optimal
characteristics [52]. Problems like voltage variations,
harmonic production, flickering and unbalanced DC
connection capacitor voltages occur in the hybrid wind-solar
system, affecting power quality [17]. Also, some
unnecessary harmonics are produced because of the power
converters. The hybrid wind-solar system produces energy
based on the sun's radiation and the wind's speed [18]. But
the output voltage is fluctuated because of the variable wind
speed and power generation or voltage difference. The
maximum DC current in the DC capacitor connection varies
depending on the variation of the DC connection capacitor
voltages [19]. Therefore, to control the DC connection
voltage in the grid-integrated system, MLI topologies are
connected [20].

A hybrid approach to the cascaded multilevel inverter
(CMLI) for the grid-connected PV system. The photovoltaic
(PV) is connected to CMLI isolated DC-connections based
on the respective DC-to-DC converters. The proposed hybrid
method is the joint performance of white shark optimizer
(WSO) and extended fuzzy wavelet neural network
(FWNN); thus, it is known as the WSO-FWNN method. The
major objective of the proposed method is to regulate the
power or increase the energy conversion of solar systems.
The organization of the proposed work is illustrated in fig 1.

2. Recent Research Work: A Brief Review
Previously, there have been several research works in
the literature that are based on multilevel inverters for the
grid-connected system with several methods and features.
Some of them revised as follows, Multilevel 3-phase voltage
source inverter (VSI) for PV system was described by V. F.
Pireset al. [21]. Three-phase, two-level VSI isolation
transformer was utilized in the introduced system. The
photovoltaic panels were attached to the DC side of every
three-phase VSI. The open-end winding of the three-phase
isolation transformer was connected to the AC side of every
three-phase VSI to guarantee the various stages. The PWM
was utilized to modulate the VSI hybrid modulation
approach suggested by A. Ahmad and P. Samuel [55] to
implement the balancing of self-boost capable of multilevel
inverter using capacitor voltage of PV. The cascaded and
neutral-point-clamped  topologies were different for
harmonics analysis. The RFCSA control approach was
suggested by R. Ramya and T. S. Sivakumaran [23].

Enhancing the PV system's efficiency and extracting the
PV's maximal power was the major contribution of the
introduced approach. Voltages, current, power, and
modulation index were considered the input parameter of the
system. QZSI managed the interface between the PV dc
source and load. The introduced approach was controlling
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the dc link voltage, current and minimization of injected
power. An operational impact of a Distribution Static
Compensator (D-STATCOM) and Unified Power Quality
Conditioner (UPQC) into a cascaded H-bridge Nine-Level
Multi-Level Inverter (NL:MLI) was illustrated by A. Gupta
[24]. The introduced approach performance was evaluated
based on the DC voltage and two PV modules. The power
quality was analysed based on faulted conditions at linear
load.

The introduced approach calculates the Total Harmonic
Distortion (THD) and DC offset current. Cascaded
Transformer dependent Modular Multilevel Inverter
(CTMLI) for PV systems have been suggested by Ahmed et
al. [53]. The introduced system utilized the three full-bridge
(FB) circuits for switching the input DC voltage. CTMLI
cost was minimized by utilising the transformer turn ratio
and cost estimation model. To increase the maximum power
and control the voltage and current of the PV system, M K
Das et al. [26] have suggested a multi-level inverter. The
minimum number of switches was considered, and dc
voltage was derived by correctly connecting PV to the
inverter. The suggested novel approach controls the voltage,
and the current controller provides the maximal power of the
system. The hybridisation of both colour harmony algorithm
(CHA), as well as extreme gradient boosting (XGBOOST)
for grid-connected hybrid systems, including CMLI, was
developed by V. T.V. Mahendiran [27]. CMLI was operated
based on the gain parameter tuning of the proposed
controller. CHA was utilized to evaluate the gain parameter,
and XGBOOST was used to obtain the control parameters.

2.1. Background of Research Work

The electric grid not only generation, transmission, and
distribution but also relates to manufacturers and service
providers. With its public and private domains, the electricity
office improves energy transfer to access reliable, secure,
clean energy. Smart grid technologies are made possible by
two-way communication technologies, control systems, and
computer processing. The recent review based on power
quality improvement of PV with MLI system reveals that
power quality is a significant contributing factor. The MLI's
recent developments are mostly focused on enhancing power
quality and reducing the number of switches. The problems
based on power quality are the challengeable ones for
installing the control design. Due to fluctuation of voltage
and problems based on safety provides issue in the utility
grid and reduces the reliability and quality of power. MLI is
utilized to overcome these issues. Various types of MLIs
topologies, such as diode-clamped multilevel inverters
(DCMLI), cascaded multilevel inverters (CMLI), and so on,
have been utilized recently. Various approaches are utilized
to solve the issue of power quality of PV systems with MLI.
The fuzzy logic controller needs a number of data. It is no
more feasible for programs lesser or greater than historical
data. The major disadvantages of the genetic algorithm are
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very sluggish processing and the inability to recognize the
optimal solution. The main research gaps identified are that
very few control approaches were suggested in the literature
for optimally controlling the grid-connected PV system. Still,
the suggested approaches are ineffective in reducing power
losses and total harmonic reduction. These problems
stimulated me to do this research work.

3. Configuration of Proposed Three-Phase
Cascaded Multilevel Inverter for Power Quality

Improvement in Smart Grid

Three-Phase CMLI for Grid Connected PV System is
illustrated in fig 2 (a). Considered the level of CMLI is 9,
which is connected among the source and load. The PV
system, connected to the boost converter, extracts the
maximum power. The proposed approach is to control the
voltage and current and decrease the system's harmonics. The
proposed method is utilized to provide the control signal and
is connected to the PWM [28-31]. Using the PWM pulses,
the gate driver provides the switching pulse of the MLI. The
hybrid WSO-FWNN approach is proposed to reduce the
harmonics of the system. The WSO is utilized to produce the
control signal of the system, and the FWNN is utilized to
predict the optimal control signal. The structure of the
proposed 9-level inverter is illustrated in fig 2 (b).

3.1. Multilevel Inverter Model

The multilevel inverter executes power conversion on
multiple voltage steps, achieving better power quality and
greater voltage capacity [32-35]. The MLI is composed of a
multi-level bridge topology serial connection. The general
output voltage of ML is,

1
Voro =Vorp (1)
The number of the voltage level of the inverter is described
by,

2 n
o/p tVorp 0 Vorp

Ns=2n+1 2
The maximal output voltage of N Jevel inverter s,
max
Vout =nx* Vdc (3)

The quantity of voltage steps for N level inverter is provided
as,

2" —1if v, =2y,
3" if vy =30y

The maximum output voltages of these N jevel inverters are
written as,

Forj=12..n, N = ()

Forj=12,...n,
(2" -1v,, if v, =217y,
Vmax — n _ .
ot (3 > L Jvdc if v, =37,
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Fig. 2(a) Configuration of the proposed three-Phase CMLI for Grid Connected PV System
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Fig. 4 Active and reactive control action with dq control architecture

3.2. Modelling of CMLI With Grid Connection

The proposed CMLI with grid connection is displayed in
fig 3. The state space model [36] of the proposed system is
expressed by,

I, I, Vaa Va
d i [=Sum | 2]y v
| |= b so [ | Vb (6)
dt - IIum H IIum

I I Ve Ve

Eqn (16) is modified by the Park’s transformation. Then it is
described by,

_tim
. ag |
d ID IIum ID 1 VsD VD
—|. |= .|t - 7
dt |l IR L[V ] Vo
ang |
lum
Here, rum as lumped resistance, lym as lumped

inductance, the grid voltage is denoted as Vs, direct and
guadrature axis current is denoted as ip, io. The two-quadrant
signals are obtained from the three-phase original signals
described in equations (15) and (16).

3.3. Modeling of Active and Reactive Control for Grid-
Connected PV System

The three-phase grid current is passed to the proposed
approach to generate the essential reference voltage and
current. The grid voltage, current, and reference current are
converted from abc to dq reference frame and then the dg
[36-37] components are passed through the Pl controller,
which is tuned by the proposed approach and delivers the
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control signals. By using PWM, the switching signal of
CMLI is generated. The active and reactive control action
with dq control architecture is displayed in fig 4.

3.4. Voltage and Current Harmonic Distortion

Due to passive as well as active nonlinear devices, the
power system produces harmonics. Total voltage harmonic
distortion and total current harmonic distortion are used to
determine the harmonic performance of the bus system [54].
The ratio of the sum of the power of the entire harmonic
voltage components to the power of the essential voltage
frequency is called total voltage harmonic distortion.

2 2
100 % Y Vims = Vifms

TVHD = 8)
Vfrms
100 x \ ir2ms —i 2rms
TIHD = f )

Ifrms
Here, TVHD denotes total voltage harmonic distortion,
TIHD denotes total current harmonic distortion, v,
denotes fundamental voltage frequency, i, denotes
fundamental current frequency, v,,,, denotes harmonic
voltage component, denotes harmonic current
component.

leS

4. Determination of Power Losses

The power losses reduce the system's efficiency; hence
the reduction of losses is necessary. In power electronic
devices, there are two kinds of losses, conduction and
switching losses [39-41].
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4.1 Switching Power Losses

The amount of electrical energy reduced during the
switching time of the tested object is called switching power
loss. It is classified into turn-on and turn-off losses. These
losses affect the switching frequency, the gate drive circuit's
resistance, the input voltage's magnitude, and the junction
temperature. The switching power losses are detected by,

T .
P&Y = 1 [ vsw (T) i(T)dT (10)
PGEF = = [0 vy (T) i(T)dT (11)

Here, the time interval taken by the switch for on and off
is denoted as Ton, Torr. The voltage and current of the switch
is vgy (T),i(T). The total loss is described by the addition of
on and off losses which are described by,

n
Pow = X[k PO + 2,2 POE] (12)

Here, total switching power losses are denoted as Psw,
and the number of the switching devices is denoted as m.
This loss occurs when the system works on or without load.

4.2. Conduction Losses

Under load conditions, the running time loss occurs,
which decreases system performance during operation based
on load current and input voltage. For Both the switches and
the diodes, conduction loss is calculated. The conduction loss
based on the diode is calculated by,

1t .
P8, = <[, vi ifd¢dT (13)

Here, diode conduction losses is denoted as PZ,, forward

voltage and the diode's current is denoted as v{f,

iirespectively, and the duty cycle of the diode is denoted as
dg.
1 pt .
P& =+ [, vie ifdf¥dr (14)

Here, switch conduction losses are denoted as P&,

conduction voltage and the switch's current is denoted as

v¢E, i<, the duty cycle of the switch is denoted as d3". The

addition of switching and diode conduction loss is described
by,

Pey ZZ;'n:1PcDL,j +PgLV!/j (15)

The total loss of the proposed system is determined by

the addition of conduction losses and switching power losses
which are described by,

PLosses = PCL + PSW (16)
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5. Proposed WSO-FWNN Approach-Based

Power Quality Improvement

The hybrid WSO-FWNN approach is proposed to
improve the power quality of the smart grid system. Here
considered, the PV was the source and utilized the cascaded
multilevel inverter for reducing the harmonics [42-43]. The
proposed method reduces the variation of a system parameter
and the disturbance on external, satisfying the load demand
of the system. The detailed description of the proposed
method is described as follows,

5.1. WSO Approach-Based Generation of Control Signal

The WSO approach is inspired based on the white
sharks’ characteristics, like exceptional senses of hearing and
smell. These characteristics achieve the balancing of the
exploration and exploitation of WSO [44]. Thus, it enables
search agents to explore every possible area of search space
for optimization. The search agents of the WSO provide the
solution based on the randomly updated position. It
extensively searches the food in the depths of the ocean.
Three characteristics are utilized to find the prey: Moving
towards the prey based on the reluctance of the waves caused
by the movement of the prey, the random search for prey in
the ocean depths, and shark behavior in finding nearby prey.
The step-by-step method of the WSO approach is described
as follows,

Step 1: Initialization

The input population of the shark-like load current, dc-link
voltage, PV voltage, Pl controller gain parameters,
constraints, iteration of the system

Step 2: Random generation
Randomly create the initialized parameter on the matrix form
Y

(10, Vpe) Vpv, Ky, K™

21
_ | (o, Vpcs Vpv, Ky, Ki)

1N

(I10, Vpe» Vpy,s Ky, K;)
2N

(I10) Vpe» Vpy)s K, K;)

(Iio» VD) Vpvs Kp' Ki)MNJ
(7)

l([lo: Upe, Vpy, Kp, Ki)ml
P

Step 3: Fitness Evaluation
The fitness is evaluated depends upon objective function,
which is described by,

F = MIN(THD) (18)
Step 4: Movement speed towards prey
The movement speed towards prey is based on the
characteristics like hearing, sight and smell. In this step,
based on prey movement, if the prey is moved, then it hears
that and moves towards the prey. The equation for the
movement is described by,

V=[NxR(1,N]+1 (19)
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Fig. 5 Flowchart of proposed WSO approach

Here, the vector of random numbers is denoted
asR (1, N). The force of shark is described by,
p = pMAX | (pMAX _ pMINY 5 o=(4j/))? (20)

Here, the current and maximum number of iterations is
denoted asj,J, and initial and subordinate velocities are
represented aspMA4X pMIN,

Step 5: Movement towards Optimal Prey
The movement towards the optimal prey is described by,

, {W/.){@W,+U.A+I.B;R<strength

1 — 21
I \W + v] /F; R = strength 2)

the negative operator is denoted as y; one-dimensional
binary vectors are denoted asA, B; lower and upper limits of
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search space are denoted as [, U, the logical vector is denoted
as W,

Step 6: Movement towards Best White Shark
The best white shark is determined based on the nearest
distance of the shark close to prey which is described by,

Wj\fq = Wegsr + Rydy sgn(R, — 0.5) (22)

Step 7: Update the Position Based on Fish School
Behaviors
Preserved the position of best white shark prey and updated

all other fish positions, which are described by,
wil+wih

Wit =—— (23)
The final position of large white sharks (i.e., search

agents) is the search location closest to the optimal prey.
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Step 8: Termination Criteria

Check the termination criteria, and if the optimal
outcome is obtained, then the process ends; otherwise, go to
step 3. The flowchart of the proposed WSO method is
displayed in fig 5.

5.2. Prediction Of Control Signal Based On Extended
Fuzzy Wavelet Neural Network

In this algorithm, the signal processing, neural network
and fuzzy logic using the decomposition wavelets, which
deal with the dynamic systems and learning process, is
performed by the neural network (NN). WNN improves the
mapping interface amid inputs and outputs in a network. The
complicated nonlinear process operation performed by fuzzy
technology is incomplete, and factors are uncertain. Hence it
provides a satisfactory performance using the structure of
FWNN, as shown in fig 6.

Fig. 6 Structure of the FWNN

Moreover, based on fuzzy technology, the experts’
knowledge is limited to creating IF-Then rules and these
problematic situations are performed by NN. Therefore, here
to predict the optimal gain parameter, FWNN is proposed.
The rapid training speed trains FWNN, and it is possible to
analyze the nonlinear objects. The parameters of PV are used
by the fuzzification while determining the input-to-output
maps by wavelet, through which the accuracy is increased.
By using translation and delay, the parameters are adjusted
by FWNN [45-47]. The FWNN approach consists of 7 layers
which are described as,

5.2.1. Layer 1
It accepts the input and sends that to the next layer. Here
consider the input variable as xs and the output variable is

Vs-

5.2.2. Layer 2

Fuzzification layer is known as layer 2. This layer
process the membership function. It associates the input crisp
valuex; with the fuzzy set using membership degree

(MK](x]))'

5.2.3. Layer 3
In the third layers, every node has a fuzzy rule, and the
outcome is determined by,
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0]&!13/3 = H?I:lﬂk](x]),k = 1,2,..m (24)

Initialize the set of
gain parameter of the
system

Check the Data
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fuzzy output signal

Add layer 5 output

\/

Determine the final output
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Fig. 7 Flow chart of the proposed FWNN approach

Add layer 3 output ]

Here, a subset of input signals is denoted
as/,krepresenting the subset of fuzzy rule, and membership
degree is denoted asyy;.

5.2.4. Layer 4

In this layer, permit the much number of neural
networks that accept the input variable asX;..Xy. The
outcome of the fourth layer is determined by,

0F™* = YK wk ok + 3, (25)
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5.2.5. Layer 5

The fuzzy interference system is utilized by layers 5 to
7, which are incorporated into fuzzification components,
fuzzy inference motor and defuzzification. The outcome of
layer 5 is described by,

0° = 057,05 = Oy, (26)
5.2.6. Layer 6
The layer six outputs are defined by,
01Lay6 — ;(n=1 Olfays. Oé,ayﬁ — ;(n=1 OII;ayS (27)
5.2.7. Layer 7

Layer 7 is the output node; it provides the final output,
which is described by,

Layeé
y = 0Lay7 — 05 4 — Z?:l OkVk (28)
€ = o = SR o,

Fig 7 shows the flowchart of the proposed FWNN
approach.

6. Results and Discussion

The performance of the proposed approach depends on
simulation results. WSO-FWNN approach is proposed to
enhance the power quality of the system. The cascaded
multilevel inverter (CMLI) is utilized to reduce the
harmonics of the system. CMLI is incorporated into less
number of switches, diodes and sources that are modelled to

obtain the optimal control signal with the proposed
controller.
The proposed method is actualized in the

MATLAB/Simulink platform, and its performance is related
to existing approaches. The proposed approach is analyzed
on three conditions: normal load condition, linear load
irradiation and temperature change, and nonlinear load
irradiation and Temperature Change. Here, parameters like
voltage, current, active and reactive power, irradiation and
temperature are investigated to determine the system's
performance. Adaptive Neuro-Fuzzy Interference System
(ANFIS), Mayfly Optimization Algorithm (MFA), and Side-
Blotched Lizard Algorithm (SBLA) are utilized to compare
the proposed approach performance.

6.1. Case 1: Performance Analysis of Proposed Approach
Based on Normal Load Condition

Figure 8 represents the analysis of irradiation under
normal loading conditions. It is known from the graph that
the irradiation is 1000 W/m? Analysis of temperature
analysis during normal loading conditions is illustrated in
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figure 9, which shows that the temperature value is 25
degrees Celsius. Figure 10 depicts the PV current and
voltage graph in which the current value is initially increased
from 150 A to 340 A and then drops to 15 A at 0.05 time/ sec
during the remaining time period. The current value stays
constant at 15 A. Figure 11 illustrates the analysis of dc
voltage, inverter, and load voltage. Here, during the time
interval of 0 to 0.05 time/ sec, the dc voltage increases from
0 to 180 V, and it remains constant for the remaining time
period. The inverter voltage varies from -600 to 600 V,
which is figure 11 (b), and the load voltage is displayed in
figure 11 (c). It is shown that the load voltage varies from -
100 to 100V in the time duration of O to 0.05 times/ sec, and
for the remaining time period, it differs from -400 to 400
with a slight deviation. The modulation voltage is shown in
figure 10, where the voltage waveform initially increases
from 0 to 50 V and then it drops to -200 V, again increases to
300 V and drops to -380 V, and again rises to 380V during
the time interval of 0 to 0.05 time/ sec. The voltage value
continuously varies for the remaining time duration from -
3800 380 V.

1001
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1000

Irradiation

9995

099 " L L L L . L . .
0 oo0s 01 015 02 025 03 035 04 045 05

Time(Sec)
Fig. 8 Analysis of irradiation under normal loading conditions
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Fig. 9 Analysis of temperature under normal loading conditions
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Load active and reactive power analysis under normal
loading conditions is displayed in figure 13. The active load
power is initially 0, and it increases to 2500 KW during the
time interval of 0.025 to 0.05 time/sec. Its leftovers are stable
at 2500 kW with slight variation, shown in figure 13 (a).
Likewise, the reactive load power increases from 0 to 1500
KW in the time period of 0.025 to 0.05 times/ sec. Then it
remains constant at the same value with a slight deviation.

6.2. Case 2: Performance Analysis of Proposed Approach
Based On Linear Load Irradiation and Temperature
Change Condition

Figure 14 represents the analysis of irradiation under
linear loading conditions. It is known from the graph that the
irradiation is 700 W/m? for the time period of 0 to 0.2
times/sec, then it rises to 900 W/m? and remains stable
during the time duration of 0.2 to 0.4 times/ sec. Again, it
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emerges to 1000 W/m? and stays constant for the remaining
time duration. Analysis of temperature during linear loading
conditions is illustrated in figure 15, and it shows that the
temperature value is 20 degrees Celsius for the time period of
0 to 0.25 time/ sec, and it increases to 25 degrees Celsius.
For the remaining time period, it remains constant at 25
degrees Celsius. Figure 10 depicts the PV current and
voltage graph in which the current value initially increases
from 100 A to 240 A, then drops to 15 A at 0.05 time/ sec.
For the remaining time period, the current value stays
constant at 15 A with a slight deviation at the time of 0.2
time/ sec and 0.4 time /sec, which is detected and optimized
by the proposed technique. The PV voltage shown in figure
16 (b) emerges from 0 to 195 V in the time interval of 0 to
0.2 times/ sec. It gradually increases to 196 V at the interval
of 0.2 to 0.4 time/ sec, then emerges to 197 V and remains
constant for the remaining time period.
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Figure 17 illustrates the analysis of dc voltage, inverter,
and load voltage under linear loading conditions. Here,
during the time interval of 0 to 0.05 time/ sec, the dc voltage
increases from 0 to 190 V, and it remains constant for the
remaining time period. The inverter voltage is maximized
from 0 to 600 at 0 to 0.05 time/ sec. Then, it varies from -600
to 600 V, shown in figure 17 (b), and the load voltage is
displayed in figure 17 (c). It is shown that the load voltage is
highly distorted due to linear loading conditions in the time
interval of 0 to 0.05 time/ sec, and it continues to vary from -
100 to 100V for the remaining time period. The modulation
voltage under linear loading conditions is shown in figure 18.
During the time interval of 0 to 0.05 time/ sec, the voltage
waveform initially increases from 0 to 50 V, then drops to -
150 V; again, it increases to 250 V and drops to -300 V;
besides, it rises to 350V. The voltage value continuously
varies for the remaining time duration from -350 to 350 V.
The analysis of Load active and reactive power under linear
loading conditions is displayed in figure 19. The dynamic
load power is initially 0, and it increases to 2600 KW during
the time interval of 0.025 to 0.075 time/sec. It remains
constant at 2600 kW with slight variation for the remaining
time period, shown in figure 13 (a). Similarly, the reactive
load power increases from 0 to 1500 kW in the time period
of 0.025 to 0.075 times/sec. Then it remains constant at the
same value with slight deviation for the remaining time
duration.

6.3. Case 3: Performance Analysis of Proposed Approach
Based on Nonlinear Load Irradiation and Temperature
Change Condition

Figure 20 represents the analysis of irradiation under
nonlinear loading conditions. It is known from the graph that
the irradiation is 700 W/m? for the time period of 0 to 0.2
times/sec, then it rises to 900 W/m? and remains stable
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during the time duration of 0.2 to 0.4 times/ sec. Again, it
emerges to 1000 W/m? and stays constant for the remaining
time duration. Analysis of temperature during nonlinear
loading conditions is illustrated in figure 21, and it shows
that the temperature value is 20 degrees Celsius for the time
period of 0 to 0.25 time/ sec, and it increases to 25 degrees
Celsius. For the remaining time period, it remains constant at
25 degrees Celsius. Figure 22 depicts the PV current and
voltage graph in which the current value initially increases
from 100A to 240A and then drops to 20A at 0.05 time/ sec.
For the remaining time period, the present value stays
constant at 20 A. A slight deviation is encountered at the
time of 0.2 times/ sec and 0.4 times /sec, which are detected
and optimized by the proposed technique. The PV voltage
shown in figure 22 (b) emerges from 0 to 195V in the time
interval of 0 to 0.05 times/ sec. It gradually increases to
196V at the time of 0.2 time/ sec, and then it emerges to
197V and remains constant for the remaining time period.
Figure 23 illustrates the analysis of dc voltage, inverter, and
load voltage under nonlinear loading conditions. Here,
during the time interval of 0 to 0.05 time/ sec, the dc voltage
increases from 0 to 190V, and it remains constant for the
remaining time period. Then, it is highly distorted due to
nonlinear load and varies from -600 to 600 V, shown in
figure 23 (b), and the load voltage is displayed in figure 23
(c). It is shown that the load voltage is highly deviated due to
linear loading conditions, and it continues to vary from -100
to 100V for the remaining time period. The modulation
voltage under nonlinear loading conditions is shown in figure
24. During the time interval of 0 to 0.05 time/ sec, the
voltage waveform initially increases from 0 to 50 V, then
drops to -150 V; again, it increases to 250 V and drops to -
320 V; again, it rises to 350V. The voltage value
continuously varies for the remaining time duration from -
350 to 350 V.
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The analysis of Load active and reactive power under
nonlinear loading conditions is displayed in figure 25. The
active load power is initially 0, and it increases to 190 KW
during the time interval of 0.025 to 0.075 time/sec. It remains
constant at 190 kW with slight variation for the remaining
time period, shown in figure 25 (a). Similarly, the reactive
load power increases from 0 to 90 kW in the time period of
0.025 to 0.075 times/sec. Then it remains constant at the
same value with slight deviation for the remaining time
duration. A comparison of THD of the proposed and existing
approach is fig 26. The proposed approach THD is 2.51%,
and the existing approaches like ANFIS, MFA and SBLA
THD become 4.05 %, 3.72 % and 3.92 %, respectively. From
this comparison, it is concluded that the proposed approach
provides fewer harmonics than the existing one.

Table 1 tabulated the comparative analysis of conduction
and switching losses of the proposed and existing approach.

The proposed approach-based CMLI provides 7.9 W
conduction loss and 0.04 W switching losses. The existing
approach provides high losses than the proposed one. It
reveals that the proposed approach is best one than the
existing approach.

Table 1. Comparative Analysis Based on Losses Proposed and Existing

Approach
Solution Conduction Switching power
Approach power losses losses
Proposed 79W 0.04 W
MFA 8.9wW 0.06W
SBLA 9.5W 0.08W
ANFIS 10.1W 0.1W
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7. Conclusion

An efficient hybrid WSO-FWNN approach is proposed
in this paper to increase the power quality of grid-connected
PV systems. The proposed system is incorporated with a
cascaded multilevel inverter which is utilized to reduce the
harmonics of the system. CMLI is incorporated into less
number of switches, diodes and sources that are modelled to
obtain the optimal control signal with the proposed
controller. The WSO approach is utilized to generate the
control signal of the CMLI, and the FWNN approach
optimally predicts that control signal. The proposed approach
is actualized on the MATLAB/Simulink platform, and its
performance is related to existing approaches like ANFIS,

MFA and SBLA. The proposed method is analyzed in three
conditions: normal load condition, linear load irradiation,
temperature change and nonlinear load irradiation, and
temperature change. Here, parameters like voltage, current,
active and reactive power, irradiation and temperature are
investigated to determine the system's efficiency. From the
simulation obtained, the THD of the proposed approach is
2.51%, and the existing approaches like ANFIS, MFA and
SBLA THD become 4.05 %, 3.72 % and 3.92 %,
respectively. The conduction and switching losses are
analyzed for proposed and existing approaches. The
proposed approach provides less loss than the existing one is
proved.
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