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Recently, the reduction of greenhouse gas emissions and fuel consumption has
been attended to by adopting the Photovoltaic (PV) system. Due to their
intermittent nature, energy generated by PV systems is unpredictable for
microgrid operation. Therefore, in this research, a novel hybrid Boost-Cuk
converter is developed to efficiently increase the low voltage received from the
PV system. Subsequently, the Bat-Chicken swarm optimized Proportional
Integral (PI) controller is exploited to adjust the PI controller's parameters.
Furthermore, the intermittency and instability of PV systems are addressed by
adding a Battery Energy Storage System (BESS) to the microgrid to provide a
steady and continuous power supply. This output is delivered to the grid via a
Three Phase Voltage Source Inverter (3¢ VSI), and the grid synchronization is
accomplished with the aid of a PI controller. In order to validate the efficacy of
the developed work, it is executed using the MATLAB/Simulink tool and
compared with traditional topologies. The outcomes reveal that the developed
research attains an efficacy of 93%, ensuring effective grid synchronization.

1. Introduction

plentiful resources and pollution-free benefits, grid-tied PV

More fossil fuels are used to produce power, which power generation technology has experienced rapid

increases environmental pollution. In addition to being the
primary source of electrical production worldwide, fossil
fuels are the main contributors to environmental degradation
[1]. To reduce the negative effects of using fossil fuels,
renewable energy systems (RES) like solar, wind, biomass,
and hydraulic energies have received much attention [2].
Clean energy, such as PV, has drawn more and more attention
as the environmental pollution issues brought on by
conventional fossil fuels become more noticeable [3-5].
Effectively converting solar into affordable power without
wasting energy is the main goal of all PV systems. Due to its

expansion [6-7]. Large-scale PV power-generation networks'
ongoing grid integration results in a decline in the system's
short-circuit capacity, which lowers the voltage support
capacity [8]. However, Energy Storage Systems (ESSs) have
been installed to guarantee a reliable power supply due to the
variable nature of PV production systems during the day and
their unavailability at night [9-10]. Numerous meteorological
factors, including solar radiation, temperature, wind speed,
precipitation, humidity, dust deposition, air pressure, and
technical factors like inverter loss and PV array losses, affect
the performance of solar PV power stations [11-12].
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Abbreviations

AC Alternating Current

BA Bat Algorithm

BESS Battery Energy Storage System
CN Chick Group

CSO Chicken Swarm Optimization
DC Direct Current

ESS Energy Storage System

G2V Grid to Vehicle

HN Hen Group

HS Harmony Search

LPF Low Pass Filter

PI Proportional-Integral

PV Photovoltaic

PWM Pulse Width Modulation

QBC Quadratic Boost Converter
RES Renewable Energy System
RN Rooster Group

SRF-PLL Synchronous Reference Frame-Phase Locked Loop
V2G Vehicle to Grid

VSI Voltage Source Inverter

Since PV systems depend on ambient temperature and
solar irradiance, their output power typically varies during
the day [13, 14]. The Quadratic Boost Converter, which
achieves high voltage gain with a single switch, is represented
by S. Chitra Selvi et al. [15]. However, QBC's high-frequency
switching results in better switching losses, which reduces
the system's effectiveness. Ahmed et al. [16] presented an
interleaved Boost Converter with high conversion efficiency
and lower switching losses. However, this converter requires
more components, enhancing the overall cost and complexity.
A transformerless boost converter that achieves high voltage
gain without requiring high-duty cycles is designed by Ahmed
etal.[17]. However, its increased input current ripple impacts
the associated load's performance. Haider et al. [18]
presented the high-gain Cuk converter sustaining a smooth
current waveform because of the capacitors and inductors at
both input and output sides. However, the operation and
implementation of this converter are complex, and dynamic
operation leads to high current stress on switches.

HYBRID BOOST-CUK CONVERTER

PV SYSTEM

PWM PULSES
BAT-CHICKEN SWARM OPTIMIZED

PI CONTROLLER

Vbcref)
Voe
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A quadratic Cuk converter was developed by H.
Gholizadeh et al. [19] that reduces electromagnetic
interference by maintaining a stable input current with
minimal ripple. Nevertheless, the converter is effective; there
are some power losses because of the extra components and
switching operations. Therefore, this paper uses a hybrid
Boost-Cuk converter to enhance the low voltage of the PV
system. The PI controller is exploited to manage the function
of the hybrid Boost-Cuk converter, and its parameters are
tuned by the optimization algorithm. In order to address
nonlinear, non-differentiable, and multi-modal optimization
issues, the particle swarm optimization approach was
introduced by Demir et al. [20]. However, it cannot ensure
that the best solution will be found, especially for extremely
complicated or multi-modal issues. In Shamseldin et al. [21]
research, a Harmony Search (HS) optimization algorithm is
developed, which sustains a good balance between
exploration and exploitation. Nevertheless, the performance
of HS is significantly affected by the initial harmony memory,
which leads to suboptimal solutions. The Cuckoo Search
Optimization technique improves accuracy and efficiency in
optimization tasks while exhibiting reasonable convergence
rates. Nevertheless, the algorithm's effectiveness is reduced
by the initial fixed parameters, necessitating improvements
for improved performance [22]. In Amador-Angulo et al. [23],
a Chicken search optimization algorithm is developed that has
shown competitive performance on a wide range of
benchmark problems. The computational cost is high for large
and complex problems, limiting its practical applications. As a
result, the Bat-Chicken swarm optimization algorithm is
exploited to fine-tune the PI controller’s parameters. The
main motivations of this research are:

e Implementing the hybrid Boost-Cuk converter that
effectively enhances the low output voltage of the PV
system.

o The parameters of the PI controller are fine-tuned with the
aid of the Bat-Chicken swarm optimization algorithm.

o The battery is exploited to store the surplus energy from
the PV system, and a bidirectional DC-DC converter is
implemented to perform the battery's charging and
discharging operations.
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Figure 1. Block diagram of PV-based grid system
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2. Proposed methodology

Figure 1 reveals the block diagram of the developed PV-
based grid system. The PV system generates low voltage
because of varying environmental conditions, which is
boosted with the aid of a hybrid boost-Cuk converter.
Nevertheless, the voltage of the developed converter, which is
regulated by a PI controller, is unstable, and its parameters
are tuned by a Bat-Chicken swarm optimization algorithm.
After that, the Pulse Width Modulation (PWM) generator
produces PWM pulses to better operate the developed
converter. A Bidirectional DC-DC Converter enables charging
and discharging operations, and battery voltage is regulated
by a PI Controller. Subsequently, the DC power from the
converter is transformed into AC power with the aid of 3¢
VSI. Then, the PI controller is employed to regulate the
function of the inverter, and the PWM generator is exploited
to improve the functioning of the inverter. Furthermore, the
obtained AC power is delivered to the 3¢ grid with the aid of
an LC filter, which provides harmonic less power to the grid.

2.1 PV system

Solar cells are semiconductors that generate Direct
Current (DC) over PV panels by absorbing solar energy on
frontal surfaces. As seen in Figure 2, the PV panel circuit is
built with a diode, series resistance(Rs), a photocurrent(Iph),
and resistance that are connected in parallel (Rp) to indicate a
current leakage.

_________ o
4 TDEAL PHOTOVOLTAIC
CELL
I
-

o

,----./.5.--_-___
A4
¢

PHOTOVOLTAIC
CELL

Figure 2. Circuit of PV system

By applying Kirchhoff’s law, the current equation becomes,

I=Ly—1Ip—1, (1)
V+Rgl
== @

D

The current via the diode is denoted as I and the magnitude
of the diode current is denoted as,

(V+Rg.D)
Ip = Isa (exp (Y15527) = 1) ©)

n.K.T

Where K stands for the Boltzmann constant and Iz reverse
saturation current. Climate circumstances cause the obtained
PV voltage to decrease, so a converter is required to enhance
the voltage to power the grid. The hybrid Boost-Cuk converter
approach used in this work is explained in the following part.

2.2 Hybrid boost-cuk converter

The hybrid Boost-Cuk converter (Figure 3) integrates
both Boost and Cuk converters to enhance the PV system's
low voltage. The number of switches and diodes in a
converter directly impacts its complex operation and control.
Since each switch needs a gate drive signal to be controlled,
this increase takes place. The developed converter has two
stages of operation.
Stage 1:
When switch S is active at t,, this stage is initiated (Figure 4).
Considering that twice the input voltage is the same as the
voltage across C;and input voltage is similar to V. Then, half
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of the output voltage is the same as the voltage across C; and
C,. During this mode, the voltage across L, is positive.
Consequently, the current flowing via the inductor is linearly
increased.

Cs Ds

D,

—C, R,
Figure 3. Hybrid boost-cuk converter
Vie = Vpy + Vo1 + Ve 4)

1
Vea (to) = 5 Vea(to) = Ve (5)
Vi1 = 4Vpy (6)
_ AV __ 4DVpy

Al = L (ty—t) = oS (7

In this mode, the inductor L; receives energy from the input
source and C; andC,. The voltage across the inductor L, is,

Viz = Vpy + V2 = 2Vpy (8)
9)

Inductor L,'s current rises linearly as a result of the positive
voltage across it. In this mode, L, receives energy from the
input source and capacitor C,.

2DVpy

2Vpy
Al , =— (1 — ty) =
L2 L (t: 0) Lofs

VL3 = VPV (10)
_ Vv _ _ VpyD

Alz = Iy (ty —to) = ot (11)

Al = 2A1, (12)

ty —to=DT (13)

Where DT is the amount of time it takes for the switch to turn
on and D is its duty cycle. A higher anode voltage activates a
diode because diodes D; andD,share a cathode. Diode D;'s
anode voltage is equal to Vpy, while diode D,'s anode voltage
is equal to— (Vg1 + Vi5). As a result, D,is reverse-biased. The
voltage across the diode Djis calculated as follows because
the switch is on.

Vp3 =Vo —Vea = 2 (14)
Furthermore, diode D5 is reverse-biased. In this mode, the
output capacitor Cy, is charging capacitors C3 and C, and diode
D, is forward-biased. However, the load is also delivered by
the output capacitor. The nominal power determines the
maximum input current in the developed converter. For a
100% efficiency assumption, the following expressions are
obtained:

Vo(max) X1p = Vip X Iin(max) (15)
Vomax) X1

Iin(max) = % (16)

Ves +Vea = Vo (17)

As C; = C, and its voltage is half the output voltage.
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Figure 5. Switching the waveform of the converter

Stage 2:

When the switch is turned off at t;, this mode is started. As a
result, diode D, is forward-biased and diode D, is reversed-
biased. Consequently, diodes D,,D; and D5 provide the
necessary path to move the energy stored in inductors L, and
L, to capacitors C; and C,, and the output. The energy held in
capacitors C3 and C, is transferred to the load when diodes,
Dsand Ds are turned on, while the diode D,is reverse-biased.

%
Vit =Vpy + Vo1 + Ve + Vs — Vo = 4Vpy — 70 (18)

Owing to the negative voltage throughL,, it's current reduces
linearly

v, (ty—ty) Vo\ (1-D)
Al = (4V,,V - 7") x et = (4VS - 7") 2 (19)

Based on the volt-second balance for the inductor L;, the
following expression is obtained:

4Vpy DT = (2 - 4V, ) (1 - D)T (20)

When diode D, is active, the subsequent expressions are
calculated,

Vi = —Ver = —2Vs (21)
—2Vpy(1-D)
AL, = PLVT (22)

In mode 2, capacitors C3 and C, are connected in parallel,
Ves = Vea (23)

Figure 5 displays the switching waveform of the developed
converter. After that, the PI controller is exploited to stabilize
the voltage of the developed converter, and its parameters are
tuned by the Bat-Chicken swarm optimization algorithm.
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2.3 Bat-chicken swarm optimized PI controller

A Bat-Chicken swarm-optimized PI controller integrates
the BA and CSO to tune the PI controller’s parameters. This
hybrid approach combines the exploration efficacy of BA and
adaptive hierarchy-based dynamics of CSO to optimize the PI
controller’s performance. Figure 6 reveals the flowchart of
the Bat-Chicken swarm-optimized PI controller. It initializes
a population of potential solutions that represent distinct Kp
and K; pairs. BA highlights the phenomenon of echolocation
by approaching the prey that has been identified, as bats
search for it separately. This implies that a single random
person is persuading the entire swarm to deviate in search of

food.

Initialize parameters for bat algorithm (BA) and chicken ]

swarm oplimiration(CSO)

l

" ™
Define BA parameters(Pulse frequency, Velocity,
Position) and CSO groups(Roosters, Hens, Chicks)

!

Generate initial positions &velocities for BA & assign
individuals into CSO groups based on fitness

!

Define and evaluate fitness function based on PI w
controller matrices (Overshoot, Settling time, Steady-
state error)

!

Update positions using echolocation
equations{(exploration & exploitation phases)

i

update positions of Roosters, Hens and Chicks based on
their hierarchical rules

i

Calculate the fitness of the updated population

!

Check if fitness meets threshold or max iterations
reached

!

Output optimized PI controller parameters (Kp, Ki)

Figure 6. Flowchart of Bat-Chicken swarm optimized PI controller

-

f
e’ b N N N

By shifting their current position, the entire swarm converges
to the optimal solution across generations. The flight of a bat
is:

t t t t
0 = Qi + (Qhite — O8i) - B (24)
v =vO + X - xie] @ (25)
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t+1) _ »(@® ®
X =x"+v (26)

Where Xi(Hl)is the position ofit"bat at generation,t, Vi(t) is the
velocity of a single bat anin(t) is the actual pulse frequency.

Within the intervalQi(t)E[Qmin, Qmax), the output pulse
frequency is fluctuating. The output pulse is specified by the
random number § € [0, 1], and the current best solution at

the moment is shown by Xlste)st' The two halves of the BA
search process are exploitation and exploration. While
exploitation guides the search in the vicinity of the current
solutions, exploration refers to the discovery of new
solutions. Since both processes usually rely on the variation
operators, they can’t be carried out concurrently. However,
striking a balance between exploration and exploitation sets
the control parameters. More ideal parameter configurations
exist. Two exploration strategies and the parameter ri(t) are
used in the BA to balance the exploration and exploitation
parts of the search process. The first exploration strategy is
more exploratory in character, whereas the second method,
which is given as:
—(6)

KXnew = Xolg T+ €.4 (27)
It employs the random walk, which is a type of local search
that is more concerned with taking advantage of the best
solution available at the moment. Let's observe that X,;; in
the equation displays the current best solution, whereas X;,,,

presents the new best solution. Z(t)is the average loudness,
while € is the random number in the range (—1,1). Chickens
are a unique species of poultry animal due to their sociable
character, and they usually work together to obtain food.
Hens, chicks, and roosters are the three distinct groups of
individuals that make up chicken flocks. Based on varying
foraging hierarchies, the group exhibits a distinct foraging
capacity. In this hierarchy, hens chase after roosters because
they are better at foraging than they are, and chicks follow
suit since they are less skilled at foraging.

The intelligent optimization algorithm's optimization
object is the objective function that requires an optimal
solution. Its independent variable parameters are composed
of n j —dimensional space vectors X, where n is any positive
integer, and j is the dimensionality. The Chicken Optimization
Algorithm is divided into 3groups based on the number of
vectors X. The first RN individuals with the lowest fitness
value are assigned to the rooster group R;; the Chick Group
(CN) individuals with the highest fitness value are assigned to
the chick group C;; and the remaining Hen Group(HN)
individuals are allocated to the hen group H;. The
corresponding numbers of individuals in each group within
the colony are thus denoted by the letters Rooster Group
(RN), HN, and CN.

Ri ={Ry,Ry,+, Rpn} (28)

Ci ={Cy, Ca,+, Cen} (29)

H; = {Hy, Hy, -+, Hyn} (30)

The rooster group’s location succession is:

R{Y' = R ;[1 4 randn(0, 62)] (31)
L fisf

s2={ it reh (32)

Se[l,n], s#i
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Where 0,62 is a Gaussian-distributed random number that
obeys a 0 mean and variance of 6% and Rﬁjis the position of

the i*® rooster in the j®* dimension following t iterations, the
random rooster index, or S, is a small but significant integer
that prevents the denominator from 0, while the individual's
fitness value is denoted by f. The hen group’s location
succession is:

HEFY = Hfj + ky  rand * (Rfy; — M{;) + k, * rand  (RH* —

Hf)) (33)
fHi~frHi

ky = e Vil (34)

ky, = efru~Thi (35)

The position of the it" hen in the j* dimension following
t iterations is denoted by Hf,]-. A random number among

0 and 1 is called a rand. RY; is the position of the i*" hen's
leader rooster after t iterations;RH' is the position of the
randomly chosen individuals between the other roosters and
hens, excluding the hen and leader cock, after t iterations;
kidenotes the rooster's influence factor and k, represents the
random individual effect factor. Where f};; represents the it"
hen's fitness value. The rooster leading the hen has a fitness
value of f,;. Where Eq. contains fzy, the random person's
fitness value. Location succession of the hen groups is:

Cift = cf; + F = (Hif - cf)) (36)

The i chick's position in the j®*dimension after t iterations
is denoted by Cifj; the matching hen's position after
t iterations is denoted by Hif; and F is a random number
between 0 and 2.The hybrid algorithm iteratively refines K,
and K; to minimize a fitness function defined by the control
system's performance metrics. After reaching convergence,
the best solution is selected as the optimized Kpand K;values
for the PI controller. This hybrid optimization approach is
appropriate for complex and nonlinear systems, where
traditional tuning methods are become infeasible because of
dynamic variability or high dimensionality.

2.4 Battery

The battery is represented by the electrical circuit,
shown in Figure 7. The electrolyte, plate grids, separator
porosity, and connecting conductors develop the equivalent
series resistance (Rg). The battery capacitance is represented
byCg, whereas the equivalent parallel resistance (R,) is a
representation of the impurities in the electrolyte and plates
that cause the battery to gradually discharge when it is left
disconnected (self- discharge resistance).

ip Rp
A~V VW | A

Figure 7. Circuit diagram of battery
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Buck mode:

While the switch K, remains open(u, = 0), the switch K is
controlled by a PWM signal {u; €{0,1}}in this mode. After that,
the DC bus transfers the electrical energy to the battery. The
entire system (charger-battery) functions in G2V mode.
However, the dc-dc converter functions in buck mode.
Considering that u,is accept eitherl or 0, the subsequent
switching model is derived:

di,

E = —riL — Up + ulch (37)
g _ ;L L
T 1y Rp Vp + Rp Ve (38)
e _ 1, _(LiL
CB & Rp Vp (RB + Rp) Ve (39)

Boost mode:

In this mode, the switch K; remains open(u; = 0), but only
switch K2 is controlled by a PWM signal{u,€{0,1}}. After that,
the battery transfers its electrical energy to the DC bus. While
the entire system (charger-battery) functions in V2G mode,
the DC-DC power converter functions in boost mode.
Considering that wu,accept either 1or0, the following
switching model is derived.

di .
f == —1i, —vp + (1 — u2)Vp¢ (40)
d . 1 1
%ZIL—EUB +gvc (41)
dve _ 1 (L 1
(s r =7, VB (RB +Rp) Ve (42)

Then, the output of the converter is fed into the VSI that
transforms the DC to AC voltage, and grid synchronization is
discussed below.

2.5 3¢ Grid Synchronization

A passive Low-pass filter (LPF) filters the output voltage
of a controlled VSI, as shown in Figure 8. At the point of
common coupling, the filtered voltage that is almost
harmonic-free is synchronized with the grid voltage. The
connection is guaranteed by the coupling breaker. The
filtered VSI and grid voltage are converted into the inverter's
rotating orthogonal frame. It is presumed that the inverter's
frame and the reference signal frame are arranged so that the
inverter's quadrature component,Ug;n, denotes its magnitude
and its direct component, Ugy;ny, €quals zero. Since Uy and
Uqg stand for the quadrature components, Uy and Ugg are
the filtered inverter voltage and the grid voltage’s direct
components. Because of this arrangement, the direct
components are ideal indicators of the phase shift among the
inverter reference signal and the filtered and grid voltages.
The initial and preliminary stage of synchronization is
accomplished by regulating the inverter voltage to match the
grid's magnitude. The phase-angle matching procedure is the
second and most important stage. Where Uy and U, are the
inverter-filtered and grid voltage magnitudes, respectively,
The inverter reference signal's phase angle is represented
by6;n,, the filtered VSI voltage by 6 and the grid voltage by

6.
Uar = —Ursin(0imy — 6y) (43)
Uag = —Uysin(8imy — 6;) (44)
Ugr = —Urcos(0iny — 6r) (45)
Ugg = —Uycos(Biny — 6,) (46)
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Figure 8. Grid synchronization

Utilizing the phase-shift representative value, the inverter
frequency is adjusted to ensure that the grid and the inverter
direct components are identical to achieve a zero phase-shift
among the voltages.

eo = (Uas X Ugg — Ugs X Ugy) (47)
eg = U; U;sin(ef - Gg) (48)

When the voltage of the grid 6, and the VSI voltage phase-
angle 6y are equal, leading the equation (48) to be zero. While
both voltage magnitudes are identical, this results in Uyr =

Uag-
0 = T7.7,(6, ~ 0,) (49)

This is the same as the SRF-PLL's controlled voltage value.
The distinction is that, in this case, the phase shift is calculated
between two measured voltages that need to be synchronized
rather than between a measured signal and the internal PLL
frame. To guarantee a zero phase-shift among the voltages,
the value is regulated to zero is denoted by ey. Since the phase
control is solely reliant on the constancy of the voltage
magnitudes, it is crucial to begin controlling the voltage
magnitude before controlling the phase. Since the phase
control is based on actual voltage levels, any disruption
brought on by the magnitude control has a significant impact
on it.

3. Results and discussion

This part analyzes the outcomes of a developed PV-based
grid system using MATLAB/Simulink software. It also
includes a comparison of conventional approaches with
developed work. Table 1 displays the parameters of the
developed research.
Case 1: Constant temperature and intensity
Figure 9 represents the characteristics of solar panels in
constant temperature and intensity conditions. The
temperature is sustained at a stable value of 35 °C without
distortions. Also, the intensity value of solar panels is
sustained to a value of 1000(W/(Sq.m)) without any
fluctuations. Subsequently, the voltage of the solar panel is
stabilized at a stable value of 310 V throughout the system.
Likewise, the current of the solar panel gradually decreased
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in the starting stage, and it maintained a value of 50 A in the
entire system.

Table 1. Parameters of developed work

Parameter Specification
PV System
Rated Power 10kW
No. of Panels in Parallel 3
Open Circuit Voltage 37.25V
Cell linked in Series 36
No. of Panels in series 12
Short Circuit Current 8.95A
Hybrid Boost-Cuk Converter

C,,C,,Czand Cy 22 uF
Switching frequency 10KHz
L, L, 4.7mH
Co 2200uF

o.
Time (seconds) Time (seconds)
SOLAR PANEL VOLTAGE WAVEFORM

T T

=
-
T

Vokage (V)

] 0.05 0.1 015 0.2 0.25 0.3 035 0.4 0.45 0.5
Time (seconds)

CONVERTER INPUT CURRENT WAVEFORM
T T T T

Current ()
& 8 2% 8
[ b EEE B

] 0.05 0.1 0.45 0.2 0.5 0.3 035 0.4 045 0.5
Tima (seconds)

Figure 9. Characteristics of solar panel

Figure 10 displays the developed converter’s waveform.
The output voltage of the developed converter is linearly
changed in the initial period, and it stabilizes at 600 V with the
aid of the BCSO-PI controller. In the initial period, the output
current slowly varied, and then it was sustained at a value of
24 A with little distortions. Figure 11 reveals the battery's
waveform. The battery's State of Charge (SOC)value is
maintained at a stable 80 % throughout the system. The
battery voltage is sustained at 50V without any oscillations.
Consequently, the battery current is maintained at a constant
2A with few fluctuations. Figure 12 illustrates the grid
waveform. The grid voltage is stabilized at a constant value of
420 V without any fluctuations. Likewise, the grid current is
maintained at a stable value of 12 A throughout the system.
The Real power waveform remains stable at approximately
8000 W, indicating steady energy consumption or generation.
Meanwhile, the reactive power waveform is constant at
around 600 VAR, reflecting steady reactive power demand, as
seen in Figure 13.
Case 2: Varying temperature and intensity
Figure 14 represents the characteristics of solar panels in
varying temperatures and irradiation conditions. Initially, the
solar panel's temperature is varied, and it is stabilized at a
value of 35 °Cwithout any fluctuations. Similarly, the intensity
of the solar panel is changed, and it maintains a constant value
of 1000(W/(Sq.m))in the entire system. Likewise, the solar
panel voltage is changed and sustained at a stable value of
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310V without any oscillations. Initially, the input current is
randomly varied and gets sustained at a stable value of 50 A.

HYBRID BOOST_CUK CONVERTER OUTPUT VOLTAGE
WAVEFORM USING BCSO_PI CONTROLLER
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Figure 10. Waveform of the developed converter with BCSO-PI
controller
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Figure 13. The waveform of real and reactive power

The waveform of the developed converter with the
BCSO-PI controller is revealed in Figure 15. At the starting
stage, the output voltage is linearly changed, and it is
increased to a stable value of 600 V. Consequently, the output
current is gradually raised and settled to a value of 24A
without distortions.

The R phase's THD value of 0.58% is within acceptable
limits, representing a high-quality power signal with
negligible harmonic interference. Also, the Y phase (0.68%)
has slightly higher harmonic distortion than the R phase.
Subsequently, the B phase has the lowest THD of 0.51%
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among the three phases, indicating a smoother power signal,
as seen in Figure 16.
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controller
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Figure 17 illustrates an analysis of efficiency for four
different converters: Buck-Boost [24], High Gain Cuk [25], Z
Source Boost [26], and the developed converter. The
proposed converter attains the highest efficiency at 93%,
highlighting its superior performance compared to the other
converters. This makes it a promising choice for applications
requiring high efficiency in power conversion. A comparative
analysis of converter performance in terms of switching loss,
inductor loss, capacitor loss, and diode loss for interleaved
step-down converter [27] and Hybrid Boost-Cuk converter is
displayed in Figure18. The Interleaved Step-Down Converter
suffers more from inductor losses, making it less efficient in
handling energy conversion. The Hybrid Boost-Cuk Converter
demonstrates improvements in reducing inductor losses but
experiences higher diode losses. Figure 19 shows the voltage
gain for three types of converters: Transformerless [28],
Interleaved Bi-directional [29], and the developed converter.
The transformerless converter attains the highest voltage
gain at all duty ratios, demonstrating superior performance in
boosting voltage. The Interleaved Bi-directional Converter
offers a balanced performance, providing moderate voltage
gain. The Proposed Converter prioritizes other design
objectives, such as reduced complexity, cost, or improved
efficiency in specific operational conditions, over-achieving
maximum voltage gain. Figure 20 depicts a comparative
analysis of control approaches based on settling time and rise
time for GWO-PI, Modified LOA-PI, and proposed PI
controller. The BAT-CSO PI approach is the most efficient
control method, achieving both the shortest settling time of
0.023 s and a rise time of 0.021 s. The BAT-CSO PI approach
offers a balanced performance with results that are not as fast
as GWO-PI [30] but considerably better than Modified LOA-PI
[31].
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4. Conclusion

This research presents the importance of a PV-based
hybrid Boost-Cuk converter for an efficient energy generation
process. The hybrid Boost-Cuk converter linked to the PV

| ANALYSIS OF EFFICIENCY (%) |

93% 5% system’s output side increases output voltage while lowering
BUCK_BOOST switching loss. With less iteration before convergence, the
HIGH GAIN CUK applied Bat-Chicken swarm-optimized PI controller yields a
Z SOURCE BOOST higher gain, providing better control performance.
PROPOSED Additionally, a steady power supply is guaranteed by the
o 9% BESS, which is connected to the microgrid via a battery

converter that ensures grid stability by supplying extra
energy to the grid during periods of peak demand. Finally, the
obtained DC supply harnessing 3¢ VSI transforms the DC

supply to AC, resulting in effective grid synchronization. The
Figure 17. Analysis of efficiency system's dependability and effectiveness are confirmed by
the MATLAB/Simulink tool, which shows an efficiency of 93

e ; .
ANALYSIS OF CONVERTER PERFORMANCE 0 with maximum voltage gain.
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