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Abstract: In an era driven by sustainable energy solutions, the synergy of photovoltaic (PV) system stands as a
beacon of hope for meeting the world's growing energy demands while minimizing environmental impact. This
research ventures into the domain of renewable energy integration by seamlessly including a PV system, ingeniously
controlled by Chaotic Flower Pollination Optimized Adaptive Neuro Fuzzy Inference System (ANFIS) based MPPT
(Maximum Power Point Tracking) controller capable of optimizing the efficiency in the face of ever-changing weather
dynamics. The PV system's quest for optimal efficiency receives a substantial boost through the implementation of
the High Gain Modified Luo Converter. Designed to achieve an optimal PV output voltage, this converter's prowess
finds its true calling in grid applications, where precision and efficiency are paramount. Furthermore, this research
extends its purview to incorporate a bidirectional converter linked to an energy storage solution, such as a battery,
through a common DC link. The output power is then passed to the Flyback Converter, seamlessly connected to a
31 level Cascaded H Bridge Multi-Level Inverter (31-level CHB MLI) controlled by PI controller. This formidable
inverter architecture facilitates the efficient delivery of power to the grid, ensuring a smooth and controlled integration
of renewable energy resources. This strategic integration bolsters the system's adaptability, enabling the seamless
management of energy flows and grid interactions along with load balancing in MLI. The MATLAB simulation platform
is used for confirming the system's overall performance. According to the simulation results, the proposed approach
achieves the maximum efficiency with the lowest THD value of 94.5% and 2.5%, respectively.

Keywords: PV System, Chaotic Flower Pollination Optimized ANFIS based MPPT, High Gain Modified Luo
converter, Fly back converter, 31-level CHB MLI

1. Introduction

In recent years, especially home and industrial
applications for energy from sustainable sources have
increased considerably [1]. The grid's ability to
successfully integrate solar PV has been continuously
prospering, yet it has certain effects on the amount of
electricity is produced [2]. PV module's main goal is to
make sure every module operates as well as possible
when exposed to a variety of climatic variables brought
on by variations in irradiance levels and shifts in ambient
temperature [3, 4]. The DC to DC converter is employed
to improve the minimal DC voltage source because it
provides flexible input and output voltage shift ratios,
rapid current and voltage regulation [5]. To increase the
DC voltage gain as needed, a variety of DC-DC
converters are offered in the electronics sector.
Straightforward interconnection of the grid integrated PV
system Mentioned in to the supercapacitor battery HSS.
The lifespan of the ESS possibly increased by
implementing the suggested control technique. Due to a

restriction on the DC-link voltage changes, the MPPT is
still not utilised when the reference voltage is lower than
the battery voltage. Cascaded multilevel converter,
which is proposed in reference, improves the reliability
of single-phase grid linked PV systems during partial
shading [6]. It also satisfies the requirements of partial
shading conditions and variable insolation. However, it
requires to be further investigated for a broad
range/depth of CMC operation, especially for partial
shade conditions. Optimising P& O step size and
Inc MPPT methods [7, 8] presents employing PSO for
grid connected PV systems. This provided approach
decreases the settling time, increasing the system's
effectiveness. However, the output power oscillates
significantly even at a stable state. A multi MW grid-
linked solar power system with battery ESS has been
suggested in [9]. A technique to sizing for huge ESS are
needed for multi-MW solar PV installations to provide
dispatchable electricity. Ratings for energy are
computed to be excessive, and even if using batteries
would not be currently practical for this reason. An
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enhanced MPPT and a grid enabled PV system with
FCS & MPC have been presented in [10]. Even in
partially darkened conditions, the suggested control is
capable of tracking the MPP. However, the input power
is insufficient to guarantee a quick charging of input
capacitance. The least amount of regulation loops and
converters for a combination of PV-Wind-BESS with FC
and electrolyser has been proposed in [9]. By omitting
the PV converter, the suggested hybrid system offers a
practical method for incorporating PV into a hybrid
system [11]. Nevertheless, this power is unfavourable
when there is minimal solar intensity or wind speed,
indicating that BESS is intended to pump this negative
power into the DC link.

Generally, the inverters manage is used to pass
the electricity through the system and connect to the
grid, so they are considered the heart of the solar PV
plant. Centralised PV inverter technology is being
deployed economically to build huge scale solar power
installations during the last few decades [12]. However,
owing of the centralised MPPT control, these have
reduced power ratings and more efficiency losses. With
the aim to achieve increased power and voltage levels,
multilevel inverters are being adopted to replace the two
level inverters present in PV systems [13, 14]. The
implementation of three level NPC inverters for solar
power systems is made possible by their market
accessibility and easy design. However, NPC structure
necessitates a common DC link, which lessens its
modularity and MPPT control effectiveness [15-17].
Additionally, a foremost difficulty for grid applications is
an excess amount of clamping diodes with a rise in the
quantity of levels. For improved flexibility, greater
adeptness, power utilisation, and power levels, unique
modular designs of outstanding performance PV
inverters are needed. Two primary topologies of MLlIs,
namely Modular Multilevel Converter (MMC) MLI and
Cascaded H-bridge (CHB) MLI, stand forward as better
choices because they combine all the specifications of
the PV inverter structure with exceptional performance
[18-21]. To improve the inconsistency present in the
series-parallel connected lithium ion (Li-lon) cells, a cell
balancing scheme based on switch-matrix and forward
converter with active clamp driver topology is presented.
This cell balancing scheme is based on transferring the
energy from the over-charged cell to auxiliary battery
and from auxiliary battery to less charged cell [22, 23].
The primary choices in those applications are high
strength factor, and coffee harmonics. The input line
cutting-edge harmonics is decreased and power aspect
is high. in order to manipulate the LED brightness a
current remarks loop is brought [24-25]. They propose
an efficient modular sector variable-step perturb and
observe (VSPO) maximum power point tracking
algorithm. The proposed algorithm enhances the speed
tracking and minimizes oscillations level problems
associated with traditional P&0O methods, swarm
optimization also [26-28]. A detailed comparison of

Cascade H-Bridge multilevel inverters (CHB-MLI) are
presented in the paper based on number of power
devices used, Total Harmonic Distortion [29]. This
proposed topology offers high power capability
associated with less commutation losses, less total
harmonic distortion (THD), and involves a smaller
number of switching devices and a smaller number of
voltage source in comparison of conventional topologies
for 31-Level asymmetric multilevel inverter [30]. This
converter is most suitable for applications that demand
wide input voltage and load ranges. It can be used as a
front-end dc—dc converter that can boost variable low
voltage from a power source [battery (home/industrial
inverter/industrial UPS application), fuel-cell, or solar-
PV] and interface it to a high-voltage dc-link, which
typically feeds an inverter [31]. In this, 31-level
asymmetric inverter is designed using optimal number of
switches which produces higher output voltage levels
with low harmonic distortion. The voltage sources used
in this multilevel inverter is asymmetric in nature to
generate output voltage with reduced distortion [32].

Because of its unique framework, the CHB MLI
topology is considered to be one of the multilevel
converter family's most promising topologies.
Modularity, flexibility and self-regulating operation are
features of the CHB MLI. Hence this work uses the 31
level CHB MLI for efficient DC to AC conversion for
single-phase grid. The following is an outline of this
work's primary contributions:

» Using a High gain modified Luo converter maximises
the amount of power that is able to be transferred
from a PV system.

» The high amount of power extracted from the PV
system through the use of CFP optimized ANFIS
based MPPT controller.

» With a Pl controller as the efficient mechanism, a 31
level CHB MLI converts a DC supply actively to AC.

» Bidirectional battery converter is implemented to
enable bidirectional power flow during the battery
charging and discharging operations.

» To verify the functionality of the proposed
configuration using MATLAB Simulink.

The remainder of the article is organised as
follows: Section 2 provides an explanation of the
proposed system. Section 3 establishes the modelling
and control of a proposed system. Section 4 shows the
system simulation and outcomes. Section 5 contains the
conclusion.

2. Proposed System Description

One of the most popular natural resources is
solar PV based energy generation. Due to pollution and
the decreasing availability of traditional sources of
energy, solar energy is becoming more and more
popular as an emerging form of renewable energy.
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Figure 1. Proposed PV incorporated grid system using CFP optimized PI controller

The most common application of solar energy is
to produce PV power. Figure 1 illustrates the schematic
diagram of PV incorporated single-phase grid. It
contains of a PV panel, Battery, High gain modified Luo
converter, CFP optimized ANFIS based MPPT, 31 level
CHB MLI and LC filter.

Due to fluctuating nature of PV system, the
attained dc output voltage getting poor. With the
application of high gain modified Luo converter, the PV
dc output voltage is gained with lowered stress and less
control-switch complexity. The ANFIS based MPPT
controller with CFP optimisation monitors the PV panel's
maximum power point and adjusts its operating point to
maximise power output. Compared to conventional
methods, the proposed CFP-ANFIS based MPPT s
capable of tracking the MPP with higher accuracy. The
CFP optimised ANFIS controls the dc-link voltage, and
by employing this optimisation, the ANFIS controller
parameters are tuned optimally. Through a flyback
converter, this voltage is transmitted to the 31 level CHB
MLI. With a single dc input voltage, this converter is
utilised to govern multiple output voltages. The 31 level
CHB MLI is convert the dc output voltage into ac output
voltage, which is fed to the single-phase power grid. The
necessary bidirectional flow of electricity for battery
charging and discharging is provided by a bidirectional
DC-DC converter. When the PV panel's power
generation surpasses the amount of energy needed by
the grid, the additional power is applied to recharge the
batteries. The additional power is derived from the
charged batteries when the PV panels' output is lacking
to satisfy the grid's needs. Finally, the resultant AC
output voltage is then eliminated from harmonic
components injected into the single-phase grid.

3. Proposed System Modelling
3.1 PV System Modelling

PV panel made up of several series connected
PV cells that is used to boost the voltage and power
produced by a PV system. The voltage of a solar energy
system is calculated through combining the voltages of
its individual cells, and its power output is calculated

through dividing its generated voltage by its supplied
current. Figure 2 depicts the electrical setup of a PV cell.

Iy Rg

N
¥ Ve
A

Figure 2. Equivalent circuit of PV panel PI

The equations used for the relationship between
the output voltage and current of the PV cell are as
follows:

aVpy+lpy+Rs)
IPV = IL - 10 [e nkt - 1] (1)
G
1,(G,T) = Iec 7o [1 + a(T = Trpp)] )
Lys )
(M) = Io(Tyey): () me ™ Tl (3)
Tref
1
IO(Tref) = qVC(;:C (4)
e"kTref_l
av nkT
s = d,:“: Voc — Voc (5)
I
where G represents solar irradiation, T

represents temperature, K represents the plank's
constant, I, represents saturation current, I, represents
photocurrent, Rs represents series resistance, R,
represents shunt resistance, I, denotes PV cell output
current, and Vp, represents PV cell output voltage. A
current source, a series resistance, a diode, and a shunt
resistance compose the equivalent circuit model of a PV
cell. The output V & | of the PV cell are related by the
diode equation, which takes into account solar radiation,
temperature, saturation current, and other aspects. The
output V and I are reduced, and losses are added by the
shunt and series resistances, which also have an effect
on the performance of the PV system. The poor dc
output voltage of PV panel is enhanced using high gain
modified Luo converter, which is explained as follows as.

Int. Res. J. Multidiscip. Technovation, 6(3) (2024) 154-170 | 156



Vol 6 Iss 3 Year 2024

R. Venkedesh et al, /2024

3.2 High Gain Modified Luo Converter Modelling

This section discusses the High Gain Modified
Luo dc-dc converter's design. Figure 3 demonstrates the
way the traditional Luo converter has been modified by
adding an inductance to the output side, which lessens
the strain across the output capacitor. This converter
circuit has the benefit of increasing the converter's
voltage gain. The switching capacitance-inductor cell,
which has three inductors (L, L, and L), three diodes
(D,, D, and D,)), and three capacitor (C;, C, and Cp), is
used to create the proposed converter. The magnetic
coupling of the inductors L, and L, makes them non-
isolated.

Figure 3 (a) shows Proposed High gain modified
Luo converter and 3 (b) & 3 (c) shows the Stagel and
Stage 2 of the proposed converter circuit switches during
a steady-state phase of the (CCM) and Figure 3 (d)
shows the Waveform of proposed converter. There are
two different ways that converter switches are able to
operate: Stagel and Stage 2.

Stage 1: (ty — t1)

The power switch (S) has been activated (ON) at
time (t,). Here, the two capacitors (C,,C,) and two
inductors (L,and L,) together in parallel to the voltage
source (V). The forward mode diodes (D;,D, and D;)
are operating throughout this time, while the reverse-
mode diode and inductor (Dyand L,) are operating.

Stage 2: (t; — t,)

The switch (S) has been turned off at time (t,).).
Now, the diode and inductor (Dy,L,) are in series with the
capacitor (C,) and the two capacitors (C;,C,), the source
voltage (V;,), and the two inductors (L;and L,). The
diode and inductor (D,,L,) are operating in the forward
mode during this time, and the diodes (D;,D, and D) are
operating in the reverse mode.

At the time of switching ON state :(t,, = DT)
Vin = VL1 = VLZ (6)
Vm = VCl = VCZ (7)

At the time of switching OFF state :(t,;; = (1 —
D)T)

Vin=Vi1 = Vi +Ver + Ve = Vo = 0 (8)

Thus, during the switching (OFF) time, obtained
equation is:

©)

The following equation is the result of applying
the voltage second balance concept across the
inductors (L, and L,):

VmDT+3V"’;—_V°(1—D)T=O (10)
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Figure 3 (b) State 1 (c) State 2
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Figure 3(d). Conceptual waveform of proposed converter

As a result, the calculation for the voltage
transfer ratio from equation (11) is stated as follows:

Vo _ 3-D
Vin 1-D

11)

The proposed converter circuit's voltage gain
ratio (MD) is
— % 3D

M, =
D™=y 1-D

(12)

The input current has been established as
follows: For perfect elements, the input and output power
have been equivalent.

1-D

The solar cells only have one MPP and
nonlinear voltage & current properties. Both the
operating point and the MPP are going to alter as soon
as these circumstances occur. As a result, a
MPPT needs to be employed as a control technique for
monitoring the PV system's optimum power generation
operating point for various operating situations. This
paper uses the CPF optimized ANFIS based MPPT
control technique for optimal power tracking, which is
explained in the fourth coming section.

3.3 Chaoitic Flower Pollination Optimized Anfis-
Mppt Controller ANFIS Based MPPT

The hybrid ANFIS-CFP MPPT algorithm is
implemented in the proposed system in order to
maximise PV output and provide precise monitoring of

utmost power from PV panel. The FLC data is used to
train an ANN, which is then optimised using the CFPA
approach to reduce the RMSE of both the FLC and the
ANN. It includes both FLC and ANN's domination. The
FPA method optimises the NN models' threshold and
weight to generate the lowest possible RMSE. The entire
organisation of hybrid learning, which uses learning data
obtained from FLC construction, is shown in Figure 4.
Defuzzification, Inference Rule base, and Fuzzification
are the fundamental components of the FLC
architecture. Fuzzification is the process of transforming
real data into linguistic parameters. The employed
membership function values of ANFIS controller is
represented in Figure 5. The fuzzy inference rule,
applied through max min composition, introduces the
necessary output. The defuzzification procedure
transforms the linguistic parameters into actual values
using the centroid method. The parameters utilised in
FLC and ANN are shown in Table 1. The subsequent 4
rules form the basis of the entire procedure. The error of
fuzzy (E) and error change (dE /CE) input are calculated
using the min & max composition (Mamdani's rule) as,

E(r) = —Z’; :ir; (14)
DE=E(r)—E(r—-1) (15)

Up—o(xy) = min[up(x), ,uQ(x)], VP eX,vQ e (16)

where, p, (x) = P fuzzy membership function of
X globe. py(x) is Q fuzzy membership function of Y

globe where x and y are variables established,
respectively.
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Table 1. Variables utilised in ANN and FLC

S.No Parameters Values
1 Total Neural Network Training Data Sets 200
2 Total Layer (Neural Network) 5
3 Types of Membership Function Gaussian Type
4 Total Number of Epoch 740
5 Total Fuzzy Rule Base Fired 25

The output D is estimated as:

A — S [ up(D)ap
D=DEe€ m (17)
If S is the subarea or globe of discourse and D
is the crisp output, u,(D) is the membership function
(aggregated), and D is the fuzzy output. Additionally, the
formula for the calculation of the neural-fuzzy network
output (D) is,

D = pu(E) X pp(dE) X Wy (18)

where W,; = Weight of subsequent ith layer
and u,(E) = fuzzy set A membership function in E
globe and uz(dE) = fuzzy set B Membership function of
in dE globe.

The mathematical formulation of the ANFIS goal
function is:

1/2
1
PZ§’=1(D—5)Z] (19)

where, P = whole sample. D = Uncertain
output andD = the output of a neural network. With the
adoption of Chaotic Flower Pollination Optimization
(CFPO) algorithm, the ANFIS parameter tuned
optimally. The following section gives detailed
description proposed CFPO algorithm.

RMSE = [

3.3.1 CFPO Algorithm

In addition to being deterministic in nature chaos
and randomized numbers indicate  unexpected
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abnormal behaviours. The natural system's chaos
served as the inspiration for metaheuristic techniques,
which are close to the chaos order. Large changes in
system behaviour result from minor alterations in the
chaotic system's starting values. Here, the proposed
CFP algorithm fine tunes the parameters ANFIS
controller to get optimal results with quick convergence
speed.

3.3.2. Flower Pollination Algorithm

FPA is a meta heuristic algorithm, replicates the
pollinating process for flowering plants. Pollination of
flowers is defined as the movement of flowers pollen.
The primary entities involved in this transmission include
bats, birds, insects, and other species. These blooms
are limited to attracting the birds who are cooperating
with one another. Insects such as these are thought to
be the primary pollinating agents of flowers.

Four distinct principles of the pollination
process, pollination behaviour, and floral constancy are
taken into consideration by FPA.

» Rule 1: Whenever a pollinating organism carries
pollen, a process known as biotic pollination process
take performed. This pollinating process occurs on a
global scale and coincides with the Le'vy flights.

» Rule 2: A flower that reproduces on its own without
the help of a pollination is said to be abiotic. This
process is often to as "local pollinating” since it
normally takes less time to move pollen than biotic
pollinating accomplishes.

» Rule 3: The ability of pollinating insects to enhance
blooming balance advantages specific flower
varieties. An expression in mathematics indicating
the likelihood of replication is the blossom factor. In
accordance to the extent to identical the associated
flowers include, the probability rises.

» Rule 4: The kind of pollination is controlled by the
potential for a crucial; p € [0,1]. These rules allow
the use of both global and local search strategies.
By using local search, the finest solutions can be
found among those that are already available.
Furthermore, the entrapment in a local optimal
solution is virtually avoided by global pollination.

It is necessary to modify these rules' equations
and for instance, during the stage of global pollination,
pollinators like insects transport flower pollen gametes.
Since insects are able to fly and cover a larger area,
pollen is capable of travelling great distances. Therefore,
Eq. 20 is suitable to statistically describe Rule 1 and
floral constancy (Rule 3).

X = 2l +yL@ (g — %) (20)

Here, x}! is the ith response vector in the
present iteration, and g* is the optimal solution available
for the problem at hand. Here, the scaling factor y is

used to regulate the step size. L® is the Le'vy flight step
size parameter in essence. Insects have been observed
moving in accordance with the Le'vy distributions
although while traversing a great distance. Eq. 21
displays the mathematical formula of Le'vy.

AT Am 1
L~ ETZ )51+A

(s>>s, > 0) (21)

Here, s is the step size and I'(1) is the common
gamma function. For larger steps s > 0) this distribution
is applicable. Although s, > 0 needs to be in theory, itis
possible for s, to be as low as 0.1 in practise. Eq. 22
illustrates Rules 2 and 3 for local pollination.

xf*t=xf+ g(xjt —xt) (22)

In Eq. 22, x{ and x;, are two randomly chosen
solutions and ¢ € [0,1] is a kind of pollen from several
blooms of identical plants. The use of Levy distribution
to search a large number of solution points in the space
of search is the method's key feature for optimisation.
The algorithm's optimisation logic involves locating
solution points across vast distances using a biotic
pollination approach inspired by flowers and
investigating the area around solution points using an
abiotic pollination model.

Algorithm 1. The code of CFPA algorithm
1. Objective function f(x), x(x, %, ... %)

2. Generate a random initial population. (n: Pollen

number)

3. Calculate the best solution for the initial
poplation. g*

4. Probability key p € [0, 1]

5. While t< maximum iteration number do

6. fori=1:ndo

7. if r(chaotic map) < p then

8. Global pollination xf*! = xf + yL® (g* — x}))

9. else

10. Local pollinat it =xf+
r (Chaotic Map) (g* — x}))

11. end if

12. Evaluate new solutions.
13. Update better solutions in the population
14. end for

15. Choose the best solution g*
16. end while
Chaotic-based approaches substitute randomised

generators in numerous circumstances in order to
improve stochastic search capabilities. As a result, the
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created Chaotic-FPA method is produced by varying the
rand and epsilon variables in the framework using
chaotic map functions. The possible values for the rand
and epsilon parameters in the formula are logistic, tent,
henon, sinus, and tinker bell. Chaotic map functions with
variables in the range [0, 1]. Algorithm 1 presents the
developed Chaotic FPA Algorithm. The adoption of CFP
optimized ANFIS-MPPT algorithm, the maximum power
extracted from the PV system with high tracking
efficiency.

3.4 Fly-Back Converter Modelling

The Flyback converter (FBC) with an R load is
shown in Figure 6. The FBC, which divides an inductor

in half to create a transformer and enable isolation of
electricity between the i/p and o/p, is the device that
began it all. Its size is minimal when compared to the
essential transformer.

The output power of flyback converters is used
for high voltage power sources for TVs and computer
monitors. With few elements, it provides varied
functionality. For instance, to boost the power by
including windings, diodes, and capacitors. The voltage
across the transistor is equal to the addition of the
reproduced load voltage V/n and the DC reference
voltage Vg. Sounds connected to the transformer's
leakage inductance can occasionally be the source of
the extra volume.

D

1’1+
[ ]

Ry,

L.
T

Figure 6. Flyback converter
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It are potentially necessary to use a trigger
circuit to lower the visible voltage's magnitude to an
appropriate value that is still within a transistor's
maximum voltage tolerance.

When employing the mean-shift methodology,
there are two ways of expressing a flyback converter.
The initial approach entails moving the stack back to the
critical side, followed by the substitution of PWM
switches and linear analogues for the IGBT and diodes.

3.5 31 Level CHB MLI Modelling

MLI is frequently utilised in applications
requiring high and medium power. Three distinct MLI
types include the Cascaded H-Bridge (CHB), the Neural
Point Clamped (NPC), and the Flying Capacitor (FC)
Inverters. Regarding these types of topologies, the CHB
inverter is preferred due to its simple appearance,
adaptability, and capacity to work with clean sources of
energy. Asymmetrical and symmetrical CHB inverters
are distinguished by the size of the dc voltage source,
respectively. In a symmetrical CHB MLI, the supply
voltage source maintains identical magnitude. The
output voltage is capable of reaching "M" levels if there's
"N" linked H-bridges, whereby M=2N+1 is the total
amount of levels. As a result, a symmetrical CHB MLI
uses fifteen H-bridges to create an output voltage

waveform with 31 levels. In the asymmetry CHB MLI, the
combination of magnitudes (input dc voltage source) is
supplied as  Vgei:Vaea: Vaes: Vaes = 1:2:4:8 and s
employed to produce 31 levels. Therefore ,M =
(2Nx2) —1 is an expression for asymmetrical MLI.
Where N is the number of Hbridges and M is the highest
level (in the output voltage waveform).

Only 8 MOSFET switches and 4 power diodes
are required to create a 31-level output waveform from
an asymmetrical CHB MLI as shown in Figure 7.
Asymmetrical design is therefore preferred since it uses
fewer parts to provide larger peak voltage levels. As a
result, switching losses are drastically decreased. The
input  voltages are Vg = 13V, V4, = 26V, Vi =
52V,V4.s = 104V . As a result, the following Table
2 provides the inverter output voltage. The logic gate
circuit receives the sine and dc offset waves, which form
switching pulses for gates that produce PWM for the
switches.

3.6 Bidirectional Battery Converter Modelling

The process of converting energy in the bettery
system requires an uninterrupted supply of electrical
energy. The control system makes use of the DC to DC
bidirectional chopper to accomplish this goal. The design
of the converter under discussion is shown in Figure 8.

Table 2. Switching table of 31-Level CHB MLI

Imverter | 5, L Lo L £y s Hy iy
l:’J: L] B b P
15 Vg, | 1 1 1 1 1 1] o v
14 Wy, 1 1 1 [ 1 1 ] [}
13 W, ] 1 0 I 1 1 ] 0
12 Wy I 1 1] 1 1 1 o o
11 V. 1 1] 1 1 1 1 1] 1]
10 WV, 1 ] 1 1] 1 1 4] o
LY 1 1] [¥] I I 1 4] 1]
B W, I 1] 0 0 1 1 o o
T W 0 1 I I I I 1] 1]
6 Vi, 0 I 1 1] I 1 o o
5 Ve 0 1 0 I 1 1 o o
4 Wy, [¥ 1 [} [¥] 1 1 W] [4]
3 Vg 0 o I T T T ] o
2 Wy, [ ] 1 1] 1 1 o ]
1 V. [} [a] [v] 1 1 1 [4] [4]
0 vy, ¥ 4] [¥] 7] [¥] 1] 1] ]
-1 Wy, 0 (4] [¥] 1 1] 1] 1 1
2 Wy, [ 4] I i} [¥] [} I 1
-3 WV, [ 1] I I 7] 7] I 1
A Ve | 0 1 o o o o 1 1
-5 Ve 0 1 [¥] 1 i} i} 1 1
6 V. [ 1 I 1] 1] 4 1 1
T Ve ¥ 1 I I ] ] I 1
-8 Vi 1 1] (7] 1] [¥] [} 1 1
) Ve 1 ] [¥] 1 [¥] [¥] 1 1
-10 va, I 1] 1 1 4 4 1 1
-11 W, 1 7] I I [¥] [} 1 1
12 Wy, 1 1 [¥] [v] [v] [v] 1 1
-13 W, I 1 (4] I i} i} I 1
-14 Wy, 1 1 1 1] 1] 1] I 1
“15 Wy, I I I I [} [} I 1
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Two controlled toggle switches, S, and S, an
inductive element,L; and a capacitor that serves as a
filter, C; make up the DC to DC converter. The converter
ought to be thought of as a combination of two basic
electrical chopping circuits: a step-down chopper and a
step-up chopper. The bidirectional DC/DC converter
enables both energy phase and regeneration mode
operation when the battery is being recharged. It is
produced by a suitable control mechanism, leading to
two signals that act as control for the converter's-
controlled transistor switches. The battery's electrical
power storage is controlled using a bidirectional DC/DC
converter's control system. During this converter's
control, the proper procedures for the battery bank's
release and charging have been developed.

4. Results and Discussion

Grid connected PV system using high gain
modified luo converter with CFP optimized MPPT and 31
level CHB MLI presented in this work. The MATLAB
simulation platform is implemented to validate the overall
performance of the system. From the obtained
simulation findings, is it observed that the proposed
system achieves highest efficiency value of 94.5% with
minimized THD value. Table 3 represents the parameter
specifications of proposed system.

The PV panel waveforms are depicted in Figure
9, in which temperature waveform of solar panel is
depicted in Figure 9(a), which details that initially
temperature is sustained at 25°C, after 0.3s there is a
rise in temperature of 35°C and maintained constant
throughout the system. Irradiation waveform of solar
panel shown in Figure 9(b), details that 800 W/sq.m of
irradiance is maintained in the beginning and it is raised
to 1000 W/sg.m after 0.3s, which is sustained constantly
throughout the system. Initially solar voltage is
maintained at 58V till 0.3s and it is raised to 70V after
0.3s which is constantly maintained throughout the
system as depicted in Figure 9(c). In the beginning, there
is a sudden raise in current above 20A as shown in
Figure 9 (d), which is dropped below 10A and maintained
constantly at 12A after 0.3sec.

The output voltage and current waveforms of
converter is presented in Figure 10, which the converter
voltage is raised initially above 350V and it is maintained
constant at 300V after 0.2s which is maintained constant
throughout the system as displayed in Figure 10(a).

In the beginning, there is a sudden rise in current
above 3A which is then decreased and maintained
constant at 0.5A with minor distortion as depicted in
Figure 10(b).

Ty

Ipar  La sy b=

e
E; v Sa Do J.
— Bat
= T |k & D, -"Cd
-
T

._

Figure 8. Bidirectional Battery Converter

Table 3. Parameter Specifications

Parameters

Descriptions

PV System

Short Circuit Current

8.3A

Peak power 10KW, 10 Panels
Series Connected solar PV Cells 36
Open Circuit Voltage 12v

High Gain Modified

Luo converter

L,L,L, 1.2mH

Cin 4.TuF

C, 200 uF
Switching Frequency 10KHz
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Figure 16. Efficiency Comparison

The input DC voltage waveforms are depicted in
Figure 11, which DC input voltage V¢, is shown in
Figure 11(a), details that voltage is gradually raised to
15V and maintained constant with minor distortions.
Figure 11(b) details that input DC voltage V., is
gradually increased and maintained constant above 30
V with reduced distortion in the waveforms. The input DC
voltage Vp5 is illustrated in Figure 11(c), details that
voltage is slowly raised and maintained constant above
60V with fewer distortions. The voltage waveform for
Vpcs is displayed in Figure 11(d), which details that
voltage is constantly maintained at 150V with lesser
distortion after gradually raise in the beginning.

The waveforms for output voltage and current of
31l-level inverter is represented in Figure 12, in which
voltage is maintained constant and varies between the
range of +230V throughout the system as shown in
Figure 12 (a). The output current waveform for 31-level
inverter is depicted in Figure 12(b), details that inverter
current is maintained constant and varies within the limit
of +4A throughout the system. The waveforms for grid
showing real power, reactive power and RMS voltage
are depicted in Figure 13. The stable real power and
reactive power is obtained, which is illustrated in Figure
13 (a) & (b) respectively. The RMS voltage waveform
shown in Figure 13(c) details that voltage is gradually
raised and maintained constant at 170V throughout the
system.

The battery waveforms are depicted in Figure
14, in which battery voltage is sustained at 12V
throughout the system as shown in Figure 14 (a). The
current waveform for battery is shown in Figure 14 (b),
in which current is maintained constant at 2A throughout
the system. Figure 14 (c) illustrates battery SOC
waveform, in which 70% of charge is held in battery. The
proposed system obtains the reduced THD value of
2.5% as illustrated in Figure 15.

4.1 Comparison Analysis

As shown in Figure 16, the efficiency of the
proposed converter is compared favourably to that of the
other popular converters. Given that it achieves an
efficiency of 94.5%, it confirms that the proposed
converter's efficiency is far higher than that of other
converters. Thus, it is established that the presented
converter performs consistently much better than the
existing methods. Similar to this, the MPPT tracking
efficiency is significantly enhanced by the application of
CPF optimised ANFIS based MPPT, which, as
demonstrated in Figure 17, attains an efficiency value of
98%. Compared to the controllers' efficiency values
published in this proposed controller has high efficiency
[25-27]. The evaluation of the proposed 31 level CHB
MLI with various level inverters, comprising 5, 9, 11, 31
level asymmetrical CHB MLI and PM-SCHM is shown in
Figure 18. The below graph shows that the proposed 31
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level CHB MLI resulted in a 2.5% lower THD value than
other techniques.

Figure 19 illustrates the comparison of
convergence speed of proposed chaotic flower
pollination algorithm with Flower pollination algorithm.
The above graph shows that the proposed CPFA has

MPPT Tracking Efficiency (%)
P&O [27] 90.5%

INC [28] 96%

Fuzzy [29] 97.79%
CFP-ANFIS based MPPT 98 %

quick convergence. PV systems are highly
recommended for complex applications where output
power variations are expected. They are well known for
their lightning-fast convergence, extraordinary precision,
and ability to forecast PV cell nonlinearities in the face of
rapidly changing meteorological conditions without
incurring local MPP under-tracking problems.

Comparison of Tracking Efficiency
98.00% N - ;
aé 96.00% ﬂ‘ F
£ 94.00% —
8 :
= 92.00% —
2 =
8 90.00% —
E 8800% —
86.00% <
P&O INC FUzZZY CFP-ANFIS
BASED MPPT
MPPT CONTROLLERS

Figure 17. Tracking Efficiency Comparison

ML TOPOLOGY THD% Comparison of THD%

5-Level CHB MLI [30] 20.64% i

9-Level CHB MLI [30] 15.17% 0008 ~_|

11-Level CHB MLI [30] 14.44%

PM-SCHM [21] 16.49% 1500% —

31-Level Asymmetrical Multilevel [31] 3.95%

31- Level Asymmetrical MLI [32] 3.35% -l

Design of 31-level Asymmetric [33] 3.20% .

31-Level asymmetrical CHB [10] 3.06% )

Proposed 31- Level CHB MLI 2.5% Ll TSRS e

Figure 18. THD Comparison
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Figure 19. Convergence speed
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5. Conclusion

By integrating a PV system that is efficiently
controlled by a CFP-optimized ANFIS-based MPPT
controller suitable for maximising performance in the
face of continuously changing weather conditions, the
current study advances the field of green energy
integration. Adopting the High Gain Modified Luo
Converter makes a big difference in the PV system's
effort to achieve maximum efficiency. Furthermore, the
scope of this study is expanded to encompass a
bidirectional converter linked through a common DC link
to an energy storage device, like a battery. After that, the
Flyback Converter receives the output power and is
seamlessly connected to a 31-level CHB MLI that is
managed by a PI controller. The efficient power delivery
to the grid made possible by this sturdy inverter design
facilitates the controlled and smooth integration of
renewable energy sources. The overall performance of
the system is verified using the MATLAB simulation
environment. The suggested strategy delivers the
highest efficiency with the lowest THD value of 2.5% and
94.5%, respectively, based on the results of the
simulation. The major scope of the future work is
hardware implementation of high power 31-level CHB
MLI.
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