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A B S T R A C T

In the present situation, the growing use of power electronic devices and non-linear loads has led to power
quality (PQ) issues, including harmonics and poor power factor, which adversely affect the distribution network.
This study contributes a design of shunt active power filter, powered by solar energy and energy storage systems,
to address these PQ issues. To minimize losses, a five-level reduced-switch voltage source converter has been
considered. Additionally, a neural network-based reference signal generation method is used, eliminating the
need for conventional synchronous reference frame and active-reactive power theories, along with their complex
abc and αβ0 transformations. This work also includes the optimal selection of the shunt filter and the gain pa-
rameters for the proportional-integral-derivative (PID) controller used in the shunt and battery control system.
These parameters, along with the weights and biases of the neural network, are optimally determined using a
nature-inspired flower pollination optimization algorithm.
The proposed system has three primary objectives: (1) stabilizing the voltage across the DC bus capacitor, (2)

reducing total harmonic distortion (THD) and improving the power factor (PF), and (3) ensuring the power
management under the varying irradiation and load conditions. The effectiveness of the proposed system is
evaluated through three testing scenarios, with results compared to conventional SRF and pq methods using a
proportional-integral controller (PIC). The analysis reveals that the THD for the case studies is 3.32 %, 2.93 %,
and 3.98 %, significantly lower than the other techniques compared. Additionally, the PF is nearly at unity, with
a lower settling time of 0.05 s for the DC bus voltage.

1. Introduction

In recent years, there has been a drive to encourage the integration of
clean energy sources, including wind and solar energy, into the electric
distribution system. This is done to reduce the burden on the voltage
sourced converters. The term “reduced switch” means achieving goals
with fewer switches than traditional systems. However, the decreased
switches can result in advantages like decreased expenses, energy
wastage, and enhanced dependability. Reduced switch shunt active
power filter (SHAPF), similar to other active power filters, has a vital
function in preserving a steady and superior power provision in

distribution network.

1.1. Motivation

The SHAPF powered by alternative energy sources has gained sig-
nificant importance in solving power quality (PQ) issues with the
multilevel voltage source converter (VSC). However, with the conven-
tional multilevel VSC, the number of switches required is high, which
leads to higher switching losses. On the other hand, most of the research
in the past years involves only traditional methods like synchronous
reference frame (SRF) and active-reactive power (pq) theories with
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complex abc, αβ transformations in combination with PIC, and sliding
mode controller (SMC) techniques applied to different types of loads
without any suitable selection of filter parameters or controller param-
eters of storage battery system and power management. Nevertheless,
these approaches have failed to achieve optimal values when there are
variations in sun irradiation and load demand.

1.2. Literature

A unique automatic transition method was introduced for the
Photovoltaic (PV) and battery associated unified power quality condi-
tioner (UPQC) to tackle PQ concerns in both grid and islanded ap-
proaches efficiently. Furthermore, the system’s functionality was
confirmed by empirical data [1]. Moreover, AI control techniques were
implemented to tackle PQ issues that were resolved by a multilevel
converter-based UPQC [2,3]. The AI based hybrid approaches in asso-
ciation to the standard methods like SMC, PI with self tuning filter was
suggested to address the PQ issues under different loading conditions
[4–6]. Additionally, the sport-based soccer league player algorithm was
strategically utilized to select the gains of the PI control system, a crucial
step in effectively addressing PQ issues [7]. On a different note, football
optimization was selected for the optimal determination of filter pa-
rameters for the H-bridge five-level UPQC [8].

The UPQC device, in conjunction with PV and storage system, was
proposed as a remedy to alleviate THD and address issues with grid
voltage [9]. Besides, the versatile control technique was developed for
the UPQC and was examined on different control algorithms to enhance
PQ [10]. Next, the most valuable player optimization was selected to
determine the gains of the PID control system with the objective of
addressing PQ issues [11]. Meanwhile, using the feed-forward method, a
neural network (NN) controller was used for a UPQC coupled to both
solar and wind energy sources. The mentioned controller was employed
to regulate the voltage and control the reactive power within the grid
[12].

Furthermore, the Jaya-Grey Wolf hybrid algorithm was used to
optimize the fractional-order PID controller for a hybrid active power
filter with a renewable source, incorporating a three-level VSC to
enhance PQ [13]. Similarly, a firefly algorithm was selected to train the
NN controller for the shunt active filter integrated with green energy
sources to improve PQ [14]. Meanwhile, the golden ball optimization
algorithm was selected to optimize the FLC of the SHAPF powered by
non-conventional energy sources to address PQ issues [15]. The
enhanced harmony search with the predator-prey algorithm was
developed to optimize the ANFIS control system of the UPQC for solving
PQ problems [16]. Next, the combination of the firefly algorithm with
harmony search was introduced to optimize the ANFIS controller of the
UPQC for effectively resolving PQ issues [17].

Nevertheless, the ideal configuration of the novel-shaped fin was also

found by simultaneously using CFD simulation and multi-objective
response Surface Method optimization. The fin was then connected to
a heat pipe and submerged in the LHTESS [18]. However, a compre-
hensive study utilizing passive cooling methods was collected and con-
trasted. The study also provided insight into selecting a cooling method
suitable for a specific location or environmental factors [19]. Next, the
sodium sulfated acetate with varying masses as a PCM comes next. By
replacing the flexible blades under the panel with rigid blades and
heated sinks, thermal conductivity was increased [20]. In the meantime,
a thorough analysis of the literature on various swirl flow devices, rough
surfaces, and turbulators for improving heat transfer in heat exchangers
was attempted [21].

Subsequently, numerical modeling was carried out using a solar
collector at the household scale. The curved physical boundaries were
treated especially using the lattice Boltzmann method [22]. A strong
fault-tolerant super-twisting sliding mode control technique was used to
assess a two-stage, three-phase grid-connected photovoltaic inverter
system under grid fault situations [23]. In addition, an expert
knowledge-based proportional resonant control was proposed for con-
necting solar energy to the grid during abnormal grid circumstances to
overcome the previously mentioned issue [24]. Furthermore, an effi-
cient MPPT method was created using a hyperbolic slime mold algo-
rithm. The optimizer framework equations utilize the hyperbolic
tangent function to reduce significant perturbations during the tracking
stage and enhance the convergence trend [25].

For precise RUL prediction, an enhanced anti-noise adjustable short-
term long-term memory artificial neural network featuring high-
robustness extraction of features and ideal parameter specifications
has been suggested [26]. A more sophisticated feedforward-long term
and short-term memory (FF-LSTM) modeling technique was presented,
which takes into account changes in temperature, voltage, and current
to achieve a precise whole-life-cycle SOC forecast. In order to create a
new three-dimensional vector that will serve as the matrix of inputs for
the filtering voltage and current, an optimal sliding balance window is
built for the current being measured and filtering [27]. The FOPIDC and
AI based hybrid controllers were selected for the wind system connected
UPQC device to solve the PQ issues under different loading conditions
[28,29].

Table 1 clearly shows that the majority of current research focuses on
conventional methods like SRF and pq theories, often overlooking AI-
based signal generation. Additionally, the optimal selection of filter
parameters and controller gains has been largely neglected. Further-
more, although some studies considered design parameters, they did not
take into account reduced switch-based multilevel converters to mini-
mize losses.

Table 1
Literature survey.

Reference
number

Technique adopted for PQ Issues Loads Renewable
sources

Multi-Level
VSC

Optimization
algorithm

VSC Ref signal
production

Filter
Controller

THD DC bus
regulation

Balanced
sensitive

Unbalanced
Harmonics

Solar/ Wind Reduced
switch

Parameters and
controller

[4] p-q theory FLC-SMC ✓ ✓ ✓ ✓ ✓
[5] SRF theory NN-SMC ✓ ✓ ✓ ✓
[7] p-q theory FLC-NN ✓ ✓ ✓ ✓ ✓
[14] SRF theory NN ✓ ✓ ✓ ✓ ✓
[16] NN ANFIS ✓ ✓ ✓ ✓ ✓
[17] NN ANFIS ✓ ✓ ✓ ✓ ✓ ✓
[28] SRF theory FOPIDC ✓ ✓ ✓ ✓ ✓
[29] SRF theory FLC-PI ✓ ✓ ✓ ✓
Developed
method

NN Optimized
PID

✓ ✓ ✓ ✓ ✓ ✓ ✓
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1.3. Novelty and contribution of the research work

➢ Implementation of a 5-level reduced-switch VSC for SHAPF to
minimize switching losses.

➢ Development of PV in association with the energy storage battery
integrated SHAPF by optimal selection of filter parameters like R, L
along with the proportional integral derivative controller (PIDC)
gain values for SHAPF and ESS controller with Flower Pollination
Optimization Algorithm (FPOA).

➢ Selection of FPOA for optimal choice of weights and bias of NN for
reference signal generation to avoid SRF and pq complex shifting.

➢ Prime objectives are to improve PF, attain a steady DC bus capacitor
voltage (DCBCV) in a shorter period, and decrease the THD of the
source current with power management to satisfy the load demand.

➢ Testing on three distinct scenarios, each characterized by varying
loads and intensity of sun irradiation.

The paper’s structure is as follows: Section 2 discusses the 5-level
reduced switch VSC, with a specific emphasis on its external sources.
Section 3 provides a detailed explanation of the control system that is
recommended and utilizes FPOA. Section 4 presents the results and
analysis. Finally, conclusion and future work in presented in Section 5.

2. Modeling of proposed system

Fig. 1(a) shows the schematic diagram of SHAPF tie up to the DC bus,
coupled with the ideally integrated Solar Energy System (SES) and En-
ergy Storage System (ESS). The reduced switch five-level VSC is linked

Fig. 1. Proposed reduced switch 5level converter configuration.
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in parallel to the load compensates harmonics, while also maintaining
DCBCV. The cascaded H-Bridge inverter topology requires a larger
number of switches to create a five-level output. The PWM circuit ne-
cessitates the use of eight switches to generate switching pulses. Vdc1 and
Vdc2 represent the two capacitor voltages that are connected in the DC
link.

This analysis proposes a modified switched topology of VSC in the
context of a SHAPF combined with an optimized NN control technique.

Fig. 2. PV single cell model.

Fig. 3. Control of PV system.

Fig. 4. ESS with FPOA.

Table 2
DC link power management.

Operational Modes Action taken

1: SES is NIL Only ESS will supply power toPL.
2: SES = PL PV will handle PL.
3: SES<PL The ESS will manage the difference power untilSOCBmin.
4: SES>PL The PV is adopted to charge storage system until SOCBmax
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The modified diminished switch technique consists of two switches for
level selection and a standard H-Bridge for polarity selection. Fig. 1(b)
illustrates the suggested single-phase reduced switch multilevel
inverter. In Fig. 1(b), switches S1 and S2 select the source/level, while
the remaining switches are used for polarity selection. The operational
rationale of the suggested inverter for achieving a 5-level output is as
follows:

• SW1, SW3, and SW4 are activated to achieve a positive voltage of
Vdc1.

• SW2, SW3, and SW4 are activated to obtain the + (sum of Vdc1 and
Vdc2).

Table 3
PV and storage battery specifications.

Device Parameters Value

PV single panel (Sun power SPR-305E-WHT-D) Series, parallel connected PV cells 5,11
Pmax 305.22 W
I/ V at Pmax 5.58 A/54.7 V
Voltage and current under open and short circuit conditions 64.2 V/ 5.96 A

Li ion battery Max voltage under charging 350 V
Battery Capacity 35 Ah

Fig. 5. Hybrid controller for shunt converter.

Fig. 7. FFOA trained NNC.

Fig. 6. Structure of NNC for reference current generation.
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• SW1, SW5, and SW6 are activated to obtain a negative direct current
voltage, denoted as − Vdc1.

• SW2, SW5, and SW6 are activated to measure the – (sum of Vdc1 and
Vdc2).

Based on Fig. 1, it can be observed that the proposed configuration
reduces the number of switches required for a five-level output. As a
result, the three-phase recommended MLI reduces the number of
switches by six. A reduction in the number of switches not only de-
creases the size but also the cost of the switching circuit. To achieve
enhanced PQ, this topology suggests using a neural network-based
reference signal generation approach instead of the traditional SRF
and pq approaches.

2.1. SHAPF

The main purpose of SHAPF is to inject the required current at the
PCC to ensure a distortion-free supply current. The controller circuit
employs Eq. (1) to evaluate the precise amount of compensating current
needed [13].

is = il − ish (1)

Vs = Vmsinwt (2)

il =
∑∞

n=1
insin(nwt+φn) (3)

Pl = Vs
*il (4)

Where, is, il, ish represents the source, load and compensating cur-
rents, Vs give supply voltage and Pl denotes load power. The numerical

Fig. 8. Flow of the proposed FDGPS.

Table 4
System parameters.

Source Vs: 415 V; Rs: 0.1 Ω; Ls: 0.15 mH; f: 50 Hz

DC bus Cdc: 9400 microμF; Vref
dc= 700 V

Table 5
Cases studies.

Load/condition Case-
1

Case-
2

Case-
3

Constant irradiation (1000 W/m2) ✓
Changeable irradiation ✓ ✓
Load1: nonlinear balanced bridged rectifier: 60 Ω, 50
mH

✓ ✓ ✓

Load2: RL Unbalanced Load
R1 = 10 Ω, R2 = 80 Ω, R3 = 130 Ω
L1 = 9 mH, L2 = 15 mH, L3 = 28 mH

✓

Load3: BLDC drive ✓ ✓ ✓
Load4: Active reactive power load P = 1000 W, Q =

2000 var
✓ ✓

Load5: Asynchronous motor load R= 500 Ω, L= 1 mH ✓ ✓

Table 6
Total harmonic distortion (in %).

Ref []/Controller Case1 Case2 Case3

Without SHAPF 29.47 14.09 24.17
SRF based PIC 4.336 3.987 4.235
pq based PIC 3.001 3.114 3.99
[2] ANFIS 3.73 – –
[3] FLC-SMC 3.47 – –
[5] PIC 4.01 – –
[9] PIC 3.62 – –
[12] ANN 3.52 – –
FPOA-PIDC 3.32 2.93 3.98
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value of Cdc can be obtained by [13] applying Eq. (5):

Cdc =
π*ish
̅̅̅
3

√
ωVcr,pp

(5)

The available ratings supplied by the suggested approach are used to
make the selection ofVref

dc. Here, Peak-to-peak ripple voltage denotes
Vcr,pp. The shunt side VSC is connected to the system via an inductor (Lsh),
and its functions are dictated by the DCBCV, ripple current and
switching frequency in the following ways [13]:

Lsh,min =

̅̅̅
3

√
m Vdc

12 af fsh Icr,pp
(6)

With the premise that the peak-to-peak ripple current (Icr,pp), over
loading factor (af ) of 1.5 switching frequency (fsh) of 10 kHz, and
modulating depth (m) is 1 define the value of (Lsh).

2.2. Mathematical modeling

The reduced number of switch configuration for VSC is recom-

Fig. 9. Waveforms for case1.
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mended in association with the solar and energy storage system is to
supply power to the DC bus. The DCBCV is governed by PV, aided by ESS
to manage variations in load side demand. Integration of these sources
helps in decreeing the ratings and stress on converters. Eq. (7) gives
power balance for the suggested method.

PPV +PG ±PBSS = PL (7)

2.2.1. SES
The Simulink library model PV was utilized in this work. Here, PV

modules are joined in series to get a string to achieve the essential
current and voltage. Each cell in the module is built with a more basic
circuit that consists of only one diode, as shown in Fig. 2.

Eq. (8) [13] applies KCL to calculate the output current of the PV cell.

iPV = iph − id − ish,PV (8)

Eq. (9) is employed to establish the connection of PVmodules in both
parallel and series configurations, resulting in the formation of an array.

iPV,m = iphNp − iS,PVNp

[

exp
(
Q
(
VPV + Ns

/
Np

(
iPV,mRS,PV

) )

NsηkTC

)

− 1
]

−
VPV,m + Ns

/
Np

(
iPV,mRS,PV

)

Ns
/
Np

(
Rsh,PV

)

(9)

Here,

iph =
(
iph,n +K1ΔTC

) G
Gn

(10)

Where, VPV, PPV, iPV gives voltage, power and current of solar system. id,
iph, ish,PV are diode, photo current, and shunt current of PV. T indicates
solar temperature, Ns number of cells in series, Np number of cells in
parallel, and G solar irradiation.

Eq. (11) describes the output of PV, which is controlled by the system
shown in Fig. 3. In this study, the P & O based MPPT approach was
utilized to derive the maximum output.

PPV = VPV × iPV (11)

2.2.2. ESS
Strengths of the ESS include less discharge and less maintenance

requirements. As seen in Fig. 4(a), switches SW1 and SW2 can be used to
charge or drain the battery. The state-of-charge for the battery consid-
ered (SOCB) [13] indicated by Eq. (12):

SOCB = 80
(

1+
∫

iBS dtQ
)

(12)

The charging or discharging capacity of the battery depends on the
amount of PPV and SOC boundaries.

SOCBmin ≤ SOCB ≤ SOCBmax (13)

The terms “SOCBmax” and “SOCBmin” represent the upper and lower
limits for the allowable SOCB of the battery. Fig. 4 (b) illustrates the
control circuit that is responsible for regulating the battery operation.

The reference current iref dc is estimated by minimizing the DC-bus
voltage error with a PID controller selected through FPOA. The refer-
ence current error for the battery iB,err*is determined by optimizing the
PID controller for battery current error. HereiB,errrepresents the variance
between iref dc and iref B.

Table 2 illustrates the coordination of power management among the
SES, ESS, electrical grid, and energy demand, and Table 3 showcases the
selected values for SES and ESS.

3. Control technique

The prime goals of SHAF are to ensure the stability of DCBCV and
reduce waveform irregularities by delivering an appropriate current.
The proposed control scheme provides (i) FPOA-trained NNC for refer-
ence signal generation and (ii) a tuned PIDC system developed for
SHAPF and ESS and the optimal choice of filter variables to fulfill the

Fig. 9. (continued).
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specific objectives. This work aims to emphasize the control method of
the proposed FPOA-tuned PIDC and FPOA-trained NNC.

3.1. FPOA optimized PIDC and NN based reference signal generation

The SHAPF’s effectiveness relies on generating the reference current

and regulating the DCBCV. However, fluctuations in load can lead to
changes in power flow, affecting the stability of the DCBCV. To maintain
stability, the SHAPF must address switching losses. The FPOA-based
gain values selected for the PIDC introduces an error, which is quanti-
fied by computing the disparity between the set and true DCBCV by Eq.
(14), as shown in Fig. 5.

Fig. 10. Waveforms for case2.
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Δidc = e1(t) = Vref
dc − Vdc(t) (14)

FPOA trained NNC based reference signal generation is adopted to
avoid complex SRF and pq transformations. The shunt reference cur-
rents irefsh_abc i.e. (irefsh_a, irefsh_b,irefsh_c) are regarded as target data, whereas the
load currents il_abc i.e. (il_a, il_b,il_c) and Δidc acquired from FPOA opti-
mized PIDC are considered as input. Here, NNC is trained by adopting
FPOA.

Fig. 6 depicts the structure of NNC and Fig. 7 depicts the FPOA
trained NNC.

Flowering plants, which are the predominant species in the envi-
ronment, have undergone evolutionary changes through the process of
flower pollination for about 125 million years. The primary function of a
flower is to facilitate reproduction through the process of pollination,
which involves the transfer of pollen by various pollinators such as birds
and other insects. Twomethods of pollination exist: abiotic and biotic. In
biotic pollination, the transfer of pollen occurs through the assistance of
a pollinator, such as an animal or insect. On the other hand, abiotic
pollination does not include any pollinators. 90 % are biotic pollination,
while remaining undergo abiotic.

Both self-pollination and cross-pollination are possible methods of
pollination. The movement of pollen from one flower of a different plant
to another is referred to as cross-pollination. On the other hand, self-
pollination occurs when a flower is fertilized by pollen from the same
flower or from other flowers of the same plant. This typically happens
when there is no dependable pollinator present. Due to the extensive
flight capabilities of pollinators such as birds and bees, cross-pollination
can occur across significant distances. This type can be called global
pollination. In addition, birds and bees may exhibit levy flight behavior,
where their flying or jumping distances follow a Levy distribution. The
process of flower pollination, which aims to efficiently reproduce plants,
may be represented as an optimization process. This can be achieved by
following four steps in constructing FPOA:

Step 1: Global pollination is facilitated by cross and biotic-
pollination processes, with pollinators exhibiting Levy flight
patterns.

Step 2: Self-pollination and abiotic that occurs within a specific area
and do not rely on any external support.
Step 3: Flower constancy, which is a behavior shown by insects, is
comparable to a measure of the likelihood of reproduction, indi-
cating the degree of similarity between two blooms.
Step 4: The interaction between global and local pollination is
controlled by a switch probability that is slightly skewed towards
local pollination.

While it is possible for each plant to have several blooms, for the sake
of simplicity, every plant is said to have a single flower that produces a
single pollen gamete. Each bloom and/or pollen gamete in this algo-
rithm serves as a solution point for the problem. In this work, the
problem variables are the filter parameters along with battery and shunt
filter PIDC gain values in addition to weights and bias of NN. Each flower
in FPOA is therefore represented in vector form to denote the problem
variables as

β =

⎡

⎣
Kp,Ki,KD,KpB1,KiB1,KDB1,KpB2,KiB2,KDB1,

wt1,1.…wt1,5,…wt1,10, .…wt2,1,……wt3,1, .…,wt4,1..……
Wt1,1, .…Wt5,1,…Wt10,1..…, β0, .…β5, .…β10,R, L

⎤

⎦ (15)

The limits are shown as

βi(min) ≤ βi ≤ βi(max); i = 1,2…n (16)

The fitness (F) can be constructed using the restrictions and the
normalized objective functions, which assign equal importance to all
selected objectives while accommodating both minimization and
maximization functions.

MaximizeF =
1

1+ (obj1, obj2)

obj1 = MSE =
1
n
∑m

p=1
(O − O)2

obj2 = THD =

̅̅̅̅̅̅̅̅̅̅̅̅(
I22+

√

I23 + ..…I2n
)

I1

(17)

Fig. 10. (continued).
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Here, o is the desired result, ois the output that was obtained, and m
is the number of instances. The fundamental and harmonic components
of current are resembles by In, I1. The optimization approach for mini-
mizing the cost function of Eq. (18) considers both global and local
pollinations. During global pollination, insects facilitate the movement
of pollen gametes across vast distances, so enabling the pollination and
reproduction of the most genetically superior organisms. This crucial
stage in global pollination can be symbolized by:

βt+1
l = βt

l + γ L(λ)
(
βt
l − g*

)
(18)

Where, βt
l is the location of the flower’s pollen at the -th iteration,

and g* is the current best answer discovered among all solutions at the tth

generation. A γscaling factor is present to regulate the size of the steps.
Given that pollinators need to traverse extensive distances utilizing

various step lengths, a Levy flight is employed to accurately represent
this behavior. A Levy distribution with L>0 is defined as

L ≈
λΓ(λ)sin(πλ/2)

π
1

s1+λ, (s≫s0 > ) (19)

Let βt
n and βt

pdenote pollen gametes of the same plant.εresembles the
random uniform distribution ranging from 0 to 1. In theory, flower
pollination can happen at both local and global levels. Flowers are pri-
marily pollinated by nearby flowers rather than those located at a dis-
tance. To simulate this process, one can utilize a switch
probabilityp ∈ [0,1] (Step 4) to alternate between local and global
pollination in an efficient manner. Typically, a value of p = 0.8 yields
superior outcomes for most applications.

The initial population of flowers is created by randomly generating

Fig. 11. Waveforms of case3.
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values within their respective bounds. The F is evaluated using the pa-
rameters specified in every flower. The local, gobal pollination pro-
cedure is then applied to all the flowers in the population to maximize
their fitness. The iterative approach is continued till the convergence is
obtained. Fig. 8 illustrates the sequence of actions in the proposed FPOA.
The symbol “Γ(λ) ” denotes a gamma. The distribution mentioned above
is applicable for significant increments s>0. Step 2 and Step 3, which
depict the process of local pollination, can be represented, or simulated
as

βt+1
l = βt

l + ε
(

βt
n − βt

p

)
(20)

Like other metaheuristic algorithms, the success of FPOA often de-
pends on how well it is configured and tailored to a particular problem

domain. It is highly efficient with exponential convergence rate based on
the comparison of other algorithms and applicable for solving multi-
objective optimization problems though it has its own drawbacks like
inadequate optimization precision.

4. Simulation and results

The provided method was evaluated by conducting experiments on a
3-ⱷ local network. To assess the efficacy of the proposed approach, three
distinct test scenarios were selected. These scenarios included different
combinations of loads, like 3ϴ bridged RL rectifier, imbalance RL
branch, an asynchronous motor, and a BLDC motor drive loads with
different conditions of SES. Table 4 contains the specific information
about the system parameters. Besides, Table 5 gives the test studies

Fig. 11. (continued).

Fig. 12. Time (in seconds) to obtain steady DCBCV.
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considered in the research work.. Besides, the THD of the developed
technique was evaluated and compared against the standard employed
SRF and pq approaches with PIC in Tables 6 for each test scenario.

Table 5 shows that in test case 1, the current at the load is not si-
nusoidal and distorted when Load 1 and Load 3 are linked. With a THD
of 29.47 % and a PF of 0.7774, it is balanced, nevertheless. The output
waveforms for case studies 1–3 are illustrated Figs. 9–11. These provides
the supply/grid as Vs, load voltage represents Vl, DCBCV as Vdc, load
current resembles il, filter injection currents gives ish, and supply current
denotes is, irradiation as G, temperature as T.

The developed technique delivers a supply current free of harmonics,
as shown in Fig. 9(a). As shown in Table 6, there was a noticeable drop in
the THD in addition to the current waveforms. The THD of the load
current decreased from 29.47 % to 3.32 % and the PF increased from
0.7774 to 0.9995 by adding the appropriate shunt currents—a lower
value compared to other traditional ways and recorded approaches. Six
PV panels were taken into consideration, as shown in Fig. 9(b), but with
set temperatures and irradiance as well as maximum PV output power.
However, under set G and T conditions, the suggested approach suc-
cessfully produced a steady DC bus voltage in less than 0.05 s. In addi-
tion, Fig. 9(c) shows how the source, PV, and load may effectively
manage power under conditions of constant temperature.

As illustrated in Fig. 10(a), the current at load in case 2 is enormously
polluted and distorted due to the integration of Loads 1, 3, 4 and 5
simultaneously. The PF is measured to be 0.8714, while the THD is
found to be 14.09 % in the absence of a filter. Fig. 10(a) illustrates the
capability of the developed method to supply harmonics free current by
removing imperfections in waveforms through injecting the compen-
sating current. The PF has been raised to 1, resulting in a drop in the
THD of the load current from 14.09 % to 2.93 %. Besides, it can be seen
from Fig. 10(b) that variable irradiation were considered for different
PV panels it is clear that the FPOA tuned PIDC rapidly settles the DC bus
voltage at a consistent level, even during fluctuations in G. On other
hand, power management was handled effectively to maintain consis-
tent power to the load.

In addition, case-3 illustrates a comparable pattern of decreasing the
harmonics and raising the PF. The current signal of load exhibits a non-
sinusoidal waveform until 0.4 s due to the presence of load 1, 3, and 5.
Subsequently, at 0.4 s, load 2 and 4 were interconnected, resulting in a

non-sinusoidal waveform with unbalanced characteristics and an
amplified current magnitude due to flaws. Fig. 11 (a) illustrates that the
proposed method effectively addresses the limitations in the current
waveform. In addition, Fig. 11 (b) illustrates that the suggested method
successfully preserves the stability of the DC bus voltage under varying
irradiation conditions. Finally, it offers exceptional performance in
power management.

This study entails doing FFT analysis on all 3 test studies. Specif-
ically, this component examines the outcomes of test case 3, which
included the utilization of several loads in combination with a BLDC
drive and an asynchronous motor. Fig. 12 exhibits the documented
duration needed to attain stable DC Bus voltage regulation across
different control schemes. It is clear from that the FPOA tuned PIDC
based SHAPF can generate a stable DC Bus voltage in less than 0.05 s.

The PF comparison for each situation is shown in Fig. 13.
In Fig. 14, the THD spectra for each case is shown.
The discussions mentioned above clearly illustrate that the suggested

method with the association of flower pollination-based metaheuristic
algorithms for the appropriate selection of reference signals for pulse
generation, PIDC gain values, bias and weights of neural network and
filter parameters is very efficient in decreasing THD, improving PF, with
lower settling time period of DC bus voltage. However, the suggested
method eliminates the need for complex transformations that are used in
conventional SRF and pq theories.

5. Conclusion

This research introduces a five-level reduced-switch shunt VSC to
decrease the number of switches required for the SHAPF. The FPOA is
employed to optimally select the gain values of the PID controller for
both the shunt filter and ESS controllers. Additionally, this algorithm is
used for training the neural network-based reference signal generation,
eliminating the need for conventional transformations. This approach
enables quick regulation of the DCBCV, reduces THD, and improves PF
with efficient power management.

The proposed controller effectively minimizes THDs to within
allowable limits, achieving 3.32 %, 2.93 %, and 3.98 %, and boosts the
PF to 0.9995, 1, and 0.9999 through proper power management. These
results were observed across three test scenarios with different load

Fig. 13. Power Factor Comparison.
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configurations and both fixed and variable G. The developed method
outperforms standard techniques such as SRF and pq theories with PIC,
as well as other methods available in the literature. Additionally, the
proposed system achieves a stable DC bus voltage in just 0.05 s,
compared to 0.08 and 1.1 s required by other methods.

In future research, the proposed model will be extended to work with
reduced-switch 7-level converters. The focus will be on optimizing
hybrid AI controllers, such as ANFIS, for hybrid power filters and
parameter design. This will involve treating both the filter and controller
design as an optimization problem, utilizing the latest metaheuristic
algorithms.
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