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Abstract: Renewable energy-based power generation, particularly photovoltaic
(PV)-connected grid systems, has gained popularity in recent years due to its
widespread adoption for residential and commercial customers of all sizes, from
kilowatt (KW) to megawatt (MW). The purpose of this work is to demonstrate
how an efficient CUK-integrated boost converter with continuous current flow
may be used to maximise the output of solar arrays. The constant voltage at
the converter output is maintained with increased dynamic performance using a
Proportional Integral (PI) controller based on a hybrid optimization technique
GWO-PSO (Grey Wolf Optimization-Particle Swarm Optimization). This hybrid
solution permits accurate and speedy monitoring of the PI controller, which
reduces voltage ripples successfully. This system is connected to the 1 grid via
a voltage source inverter (VSI). To ensure grid synchronisation, the inverter’s
command pulses are generated by a PI controller depending on the grid’s actual
power. The Total Harmonic Distribution (THD) of grid current is used to charac-
terize the overall system. The THD is determined to be 1.8 percent with the sug-
gested PI controller and 3.41 percent with the PI controller, and the tracking
performance of the GWO-PSO algorithm is 99.8 percent.

Keywords: PV system; CUK integrated boost converter; GWO-PSO PI controller;
single phase utility grid

1 Introduction

Recent advancements in the power industry have had a considerable impact on the generation of
electricity from dispersed renewable sources, as well as the successful integration of those sources
(question: Implies who/what?) into the grid [1–3]. The primary objective of a photovoltaic (PV) module
is to ensure that each module performs optimally when subjected to varied environmental conditions
caused by differences in irradiance levels and changes in ambient temperature. Due to a mismatch in the
operating conditions of the PV modules, the output of the PV array is dramatically reduced [4,5]. Thus,
new terms must be capable of overcoming the regular and large growth of load demand, as well as the
concern over increasing pollution in the environment and the rapid deterioration of conventional resource
issues. These dispersed energy sources increase the grid’s decentralisation and fragility, necessitating the
use of cutting-edge control systems that comply with grid requirements or standards.

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

Intelligent Automation & Soft Computing
DOI:10.32604/iasc.2022.023165

Article

echT PressScience

mailto:janarthanansk171@gmail.com
http://dx.doi.org/10.32604/iasc.2022.023165
http://dx.doi.org/10.32604/iasc.2022.023165


In photovoltaic applications, it is critical to distinguish between the DC converter’s performance and that
of the entire system. Additionally, the reduced input current ripples of such converters ensure that the
photovoltaic system operates at its peak efficiency, increasing the array’s efficiency. While boost
converters are typically used to increase the output of photovoltaic systems, they can also be used to
obtain a step-up voltage ratio. While conventional buck-boost converters are capable of increasing and
decreasing the voltage conversion ratio, their discontinuous current behaviour limits their ability to run at
the maximum achievable Maximum Power Point Tracking (MPPT) without the use of a large decoupling
capacitor. While converters such as the CUK, SEPIC, and ZETA provide continuous input and output
current and the capacity to increase and decrease voltage, their Maximum Power Point (MPP) tracking
performance is restricted by huge input current waves when solar insolation varies around its MPP [6,7].

Current controllers are frequently used in conjunction with converters to maintain stable operation in
photovoltaic systems. Numerous controllers described in the literatures each have their own set of
advantages and disadvantages. The PI controller employs a trial-and-error approach. It is utilised in
industrial applications due to its resilience, but its parameters exhibit sensitivity change and the nonlinear
characteristics of dynamic systems [8]. Predictive controllers are less adaptable to changes in the
environment. Controllers in sliding mode have problems picking a time-varying surface. While PR
controllers have an excellent tracking capability, it requires complex soft computing or metaheuristic
algorithms. While hysteresis controllers respond quickly and precisely, their switching frequency is not
constant. Researchers are increasingly interested in power regulation in order to adjust for dynamic
reactive powers on the grid in addition to transferring active powers. In grid-connected photovoltaic
systems, an efficient control is preferred for the simultaneous transfer of actual and reactive electricity. A
current controller is used to estimate the reference current required for proper power regulation. Effective
power control is contingent upon the controller’s reference current derivation technique. Numerous
controllers have been used to regulate converters in the literature [9–13].

In [14–16], several strategies for overcoming the power control issue were described, including P&O,
fuzzy inference, genetic algorithm-based Perturb and Observe (P&O) and Particle Swarm Optimization
(PSO). While the optimization strategies described above are suitable for nonlinear systems, the
sophisticated computation and high delay time requirements considerably increase the controller’s effort.
While a single stage voltage source converter (VSC) can be used to connect the solar array to the utility
grid, the circuit complexity and presence of higher order harmonics make two-stage power conversion the
preferable alternative [17]. Due to its simplicity and greater availability, the conventional VSI (voltage
source inverter) is the primary interface device in two-stage grid-connected photovoltaic systems [18].
Fig. 1 illustrates a schematic illustration of grid-connected photovoltaics.

Figure 1: Illustration of grid connected PV system
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The purpose of this project is to develop a lossless interface for grid-connected photovoltaic systems.
Apart from transmitting useable energy to the single phase grid, our work focuses on obtaining high-
quality output energy at the grid. One downside of integrating a photovoltaic array with a single phase
grid is that the voltage level at the common coupling point changes (PCC). This variation in voltage is
caused by differences in solar insolation. The grid’s voltage and current synchronisation profile dictates
the system’s overall effectiveness. The suggested system’s structural topology and control algorithms
minimise the ripple associated with photovoltaics and keep grid current harmonics within an acceptable
range. The CUK integrated boost converter is used in this application because it has minimal switching
losses and a high voltage gain. And the Grey Wolf Optimizer (GWO)-PSO algorithm is chosen because it
achieves a more accurate solution at a faster convergence rate. A detailed comparison of the efficiency of
various MPPT algorithms (P&O, Fuzzy, PI, and GWO-PSO) is performed. Additionally, the voltage gain
of various converters is compared with Single Ended Primary Inductor Converter (SEPIC), BOOST,
CUK, and planned Converter Inverter Brake (CIB). The detailed circuit diagram of the proposed
converter is discussed in section II. Section II also contains the modeling of PV array, study of operating
modes of proposed converter, discussion on GWO-PSO based PI controller, single phase inverter and
finally about grid synchronization. The results and discussion come under section III and with section IV
remove comma the paper is concluded.

2 Proposed System

Fig. 2 represents the schematic diagram of a PV integrated grid system. It comprises of a PV array
coupled with the CUK integrated Boost converter with one switch, two diodes, two inductors and three
capacitors. A high voltage gain is obtained with reduced stress and limited complexity of switching
control. The dc-link voltage is regulated by GWO-PSO optimized PI and using this optimization the PI
controller parameters is are realized. Irrespective of variations in irradiation and temperature, the
converter tries to maintain maximum rated voltage at its output with highest possible efficiency. This
voltage is given to single-phase inverter via a DC link split capacitors. Further, the inverter output is
coupled with single phase grid via interfacing filter (inductance Lf and capacitance Cf) to remove the
ripples in the inverter current caused by converter. Assuming the grid as ideal, the actual grid power is
considered as the reference and fed to the PI controller, which analogizes the actual and reference power
and the switching sequence for the single phase VSI is generated accordingly.

Figure 2: Schematic representation of PV fed CUK integrated Boost Converter system

IASC, 2022, vol.34, no.1 35



2.1 PV Array Modeling

The pollution free, non requirement of combustible fuels, high maintenance, and noiseless nature make
PV based power generation as a significant renewable source. The output voltage of PV panel is

VPV ¼ nS
AKT

q
ln

npISC � IPV þ npIo
npIo

� �
� ns
np

IPVRS (1)

where VPV and IPV are the voltage and current generated by the PV. RS is the series resistance; q is
the electron charge; ISC is the short circuited current; Io is the reverse saturation current. b-The number of
series and parallel connected cells are represented as ns and np. The power output from PV is
expressed as

PPV ¼ VPV � IPV (2)

The non-linear output characteristics curve given below in Fig. 3 is taken for different insolation
between Power (P) and output Voltage (V). The magnitude of the curve varies with partial shading effects
(change in temperature and irradiation level). The P-V characteristic has different maximum power points
and each is considered as effective at the specific irradiation level.

2.2 CUK Integrated Boost Converter

This converter comprises of a conventional boost converter and CUK converter and this hybrid
converter includes the merits of both the converters. While integrating, the input-inductor and the switch
are kept common and the rest of the components are connected in parallel and so the two capacitors are
positioned in the load side.

Fig. 4 illustrates the circuit diagram of proposed CUK integrated boost converter. The higher voltage
conversion ratio with single power switch is the advantage of this converter. The operation of the
converter is discussed below. The Figs. 5a to 5c represents the various modes of the converter.

Figure 3: Output characteristics of PV array for T = 25°C

Figure 4: CUK Integrated Boost converter
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2.2.1 Modes of Operation

� Mode 1 ðtime t0 � time t1Þ
As the switch S1 is closed, the capacitor C1 is discharged, inductors L1 and L2 are getting charged
and diodes D1 and D2 are in a blocked state because of negative voltages VC2 and VC1,

� Mode 2
The switch S1 is opened between ðtime t1 � time t2Þ and the voltage VC1 becomes less than VC2.
Meanwhile the capacitor C2 is charged (voltage drop across C2 is increased) and the energy on
the L1 and L2 decreased and diode D1 is in block state and D2 will be ON.

� Mode 3
The switch S is opened between ðtime t2 � time t3Þ and voltage across capacitorC2 will be same as or
lower than the voltage across C1. The energy in inductors L1 & L2 is discharged and as the current
starts to flow via L1, capacitors C2 & C1 get charged and diodes D1 & D2 are closed.

2.3 Design Calculation

The static voltage transfer ratio of the ordinary boost converter is Vc2
PV and Vc3

PV for that CUK converter in
continuous conduction (CC) mode with a duty cycle of ∂ is.

Vc3

VPV
¼ d

1� d
(3)

Vc2

VPV
¼ d

1� d
(4)

Figure 5: (a): Mode 1 operation (b): Mode 2 operation (c): Mode 3 operation
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In CC mode, the converter’s voltage-gain is increased which is the sum of the ordinary converters.

V0

VPV
¼ 1þ d

1� d
(5)

Mean value of the continuous input current IL1

PL1 ¼ V0L0 $ IL1 ¼ 1þ d
1� d

I0 (6)

Consider Dton ¼ dTin

DiL ¼ iL1ðtÞ � iL2ðt0ÞiL1ðtÞ ¼ VLi

L
Dt0 þ iL2ðt0Þ (7)

L1 ¼ VPV@T

DiL1
(8)

Dtoff ¼ 1� dð ÞT (9)

The value of inductor L2

L2 ¼ Vc3 1� dð ÞT
DiL2

(10)

P0 is the load power

C2 ¼ 1

DVC2

P0

V0
Dt1 (11)

C1 ¼ 1

DVC3

P0
V0

Dt2 (12)

Capacitor value of C3 is estimated by relating the charge difference of the capacitor ΔQ, and the current
difference in the inductor L2DiL2

C3 ¼ DQ

DVC3
(13)

DQ ¼
TDiL2
4

2
(14)

C3 ¼ TDiL2

8DVC3
(15)

Expressions of new gain of converter lead to the addition of VC2 and VC3.

VDC

VPV
¼ ð1þ dÞ

½1� dþ rL1
R0

ð1þdÞ2
ð1�dÞ þ rL2

R0
ð1�dÞ�

(16)

where, rL1/R0 = rL2/R0. These values determine the duty cycle of the control pulses.

2.3.1 GWO-PSO Optimized PI Controller for Proposed Converter
PSO is a heuristic algorithm in which moves inside the exploration area to search for the best

solution. Further, the data is circulated among the particles. All the particles have their individual position
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as well as speed. The position denotes the proposed solution by the particle whereas the speed denotes the
progressive rate of the molecule position. Optimization is performed by refreshing the position and speed.
The position and speed of an ith particle in dth measurement is are updated after “t” iterations are given in
(17) and (18).

xdi t þ 1ð Þ ¼ xdi tð Þ þ vdi ðt þ 1Þ (17)

vdi t þ 1ð Þ ¼ C w tð Þvdi tð Þ þ C1ri1ðpdbesti tð Þ � xdi tð ÞÞ þ C2ri2ðgdbesti tð Þ � xdi tð ÞÞ�
(18)

where w = weight of inertia, C1 & C2 are fixed quantity and ri1 and ri2 are consistently dispersed arbitrary
quantities in [0,1], and pdbesti is the optimum location of the ith particle, while gdbesti is the optimum location of
the ith swarm. Even though PSO is an effective optimization approach, it is stuck in local minimum for large
constrained issues as it has a restricted local search capacity. And so GWO algorithm is incorporated with
PSO to meet the issues of trapping in local minima to attain more accurate results faster.

Recently a GWO is developed that is based on the chasing behavior of a grey wolf. The chasing
approach and the social commanding chain of a grey wolf are utilized to design and model the GWO
algorithm. The model represents the social chain, tracing, enclosing, and assaulting of prey. The social
hierarchical models of wolf consider the optimal answer as alpha (α). Then, the next and second most
next best answers are called as beta (β) and delta (δ) individually and the remaining solutions are treated
as omega (ω). In GWO, the chasing is leaded by α, β, and δ. The ω wolf orders these three wolves for
the global maximum. When the grey wolf reaches its prey by chasing, the analytical model of Grey
encircling characteristics is given as

~D ¼ ~C � xp!� xi
!��� ��� (19)

xiþ1
��! ¼ xp

!� A
!� D! (20)

xi is the location of grey wolf; xp is the prey location; D is the separation; A & C are vectors

~A ¼ 2~a � r1!�~a; ~C ¼ 2:r2
! (21)

where r1 and r2 are arbitrary numbers between [0,1].

The parameter values are uniformly changing from two to zero as the iteration is started. The position
searching process of the prey (exploration) is performed by splitting the targeted areas, for |A| > 1. The prey
obtaining process (exploitation) is performed by limiting the target areas within |A| < 1. The chasing is guided
by α entity with a direction from β and δ entities. The GWO algorithm holds local maximum but the A and C
parameters aid the optimization from stagnating and extend the search to attain global maximum. Fig. 6
shows the wolf hierarchy.

Figure 6: Grey Wolf Optimization
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Da
�! ¼ C

!
1 � xai�!� xi

!��� ���; Db ¼ C2
�! � xbi�!� xi

!��� ���;
Dd
�! ¼ C3

�! � xdi�!� xi
!��� ���; x1

!¼ xai
�!� A1

�! � Da
�!

;

x2
!¼ xbi

�!� A2
�! � Db

�!
; x3

!¼ xdi
�!� A2

�! � Dd
�!

; xiþ1 ¼ x1
!þ x2

!þ x3
!

3
:

(22)

when the operators or expected answers are developed, functional assessments of the new operators are
then initiated. This procedure goes on to continue till a termination stage is reached. The GWO-PSO
combines Grey Wolf Optimization with Particle Swarm Optimization. The basic concept is to enhance the
exploitation capability of PSO using the exploration of GWO so that the exploration and exploitation are
balanced to prevent wider local maxima. In this approach, PSO updates the initial populations and the
GWO updates the latest refreshed solutions.

The suggested multi-objective GWO-PSO hybrid optimization strategy is depicted in Fig. 7. The GWO
parameters are initialised and the initial population is generated using the PSO method. The objective values
for each particle are computed and P best, G best are chosen. Now the velocity is calculated, and the search
agent’s position is updated accordingly. Now that the non-dominated solutions have been initialised, the
leaders are selected. Again, the search agent’s position is updated, as are a, A, and C. Calculate the
objective values for all updated search agents and then update the leaders once again. Thus, the ideal
answer is determined by the dominant leader.

GWO-PSO performs multiple objective-based optimization utilising the Pareto fronts idea [19], which
enables the discovery of non-dominated solutions. The solutions are then backed up in external “archive”
files. The leader for, and the solution of the chasing method are identified using this repository. These
leaders guide the remaining search agents toward a promising solution that is closer to the global
maximum. It is inconvenient to find the optimal solution in a multiple objective function when selecting a
leader; a special strategy is presented below to choose the optimal solution [20,21]. Initial values of PI
controller is used by PSO and the parameters such as Wmin (0.4), Wmax (0.9), C1 (1.2), C2 (1.2), lower
bound (0, 0, 0), upper bound (266, 266, 266), and population (30) update the objective function.

1. Backup the best non-dominated solution from the archives.

2. Create hyper-cubes of the search region, and place the particles in the hyper-cubes search region based
on the objective function.

3. The hunting process selects the minimum crowded hyper-cubes and provides the non-dominated
solution as α, β, and δ wolves. The election is performed using a roulette-wheel mechanism with the
below arbitrary for every hyper-cubes

P ið Þ ¼ C

N
ðiÞ (23)

where C is a constant (greater than 1) and N is the quantities of solution of the hyper-cubes. The randomness
in selecting the hyper-cubes to choose leaders from its answers are improved as the quantity of answers is
reduced in the hyper-cubes.

In this paper, GWO-PSO quickly searches for the optimum duty ratio of the converter using PI controller to
follow the changes in global MPP power under varying environmental condition with number of search agents:
30 and number of iterations: 100, population size: 200, random vector: 0, 1, and coefficient vector: 0 to 2.
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Figure 7: Hybrid GWO-PSO Optimization
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2.3.2 Design of 1f Converter
Based on the principle of inverter, the below expressions are derived.

idc2 ¼ 2D2 � 1ð ÞiVSC (24)

where D2 is the duty ratio of the VSI.

The current iVSC flowing in the interface inductor is given by

Lf
diVSC
dt

¼ 2D2 � 1ð Þvdc � vs (25)

2.3.3 Grid Synchronization
Using the PI controller, a quick and stable response with reduced steady state error was obtained. To

generate error signal, the instantaneous power is analogized with the reference power which is fed to the
PI controller. This output is given to hysteresis to produce the required PWM pulses for the single phase
VSI. Fig. 8 shows the control technique used.

3 Results and Discussion

The designed system values are provided below in Tabs. 1 and 2. The results shown below are used to
measure the converter performance for the variation in insolation, and with and without non-linear load.

Figure 8: Grid synchronization control technique

Table 1: Solar panel-Specifications

Parameters Specifications

No. of panels 10

Total no. of series cells 36

Cell area 125mm� 31:25mm

Open circuited voltage 21:4V

Operating voltage 16:8V
(Continued)
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3.1 Simulation Results

The simulation is performed in time scale for the grid tied PV in MATLAB to ensure the converter’s
performance. The power rating of the panel is chosen as 1 KW, 80 V, 50 Hz.

The total model is developed from the sim- power system tool box. A discrete simulation is performed
with a sampling period of 20 ms. The goal of this research is to provide fixed power towards the grid even
when the input voltage or load varies unknowingly. The irradiance level is manually changed from 800 to
1000 W/m^2 to validate the dynamics of the system, the temperature and partial shading effect are
differentiated with the irradiance in real time. The observed change in voltage, current and power from
PV are given in Fig. 9a. It is to be noted that the voltage changes from 78 to 80 V which are
comparatively smaller than the change in current (17 to 18.5 A) and power (1350 to 1500 W). The
analysis is discussed in three sections that correspond to initial behavior and steady state behavior of the
converters for the variation in PV irradiation and load. The converter maintains the stable flow of power
among the PV and the grid during both steady and dynamic states. A constant power has been given to
the grid, as the dc-link voltage which is kept fixed for the solar irradiation of 800 W/m2 as provided
in Fig. 9b.

Table 2: CUK integrated boost converter-Specifications

Parameters Symbols Rating

Input voltage vin 0 to 100V

Input current ii 25A (Max)

Capacitor C1, C2 20mF

Inductor L1, L2 7mH

Output power P0 1500W

Operating frequency f 10KHz

Output load current 5Amps

Driver circuit TLP 250

Diodes MUR1560

Switches IRF250

Table 1 (continued)

Parameters Specifications

Short circuited current 6:2A

Operating current 5.8 A

Temperature range −40 to +85°C

Max. Voltage 1000V DC

IASC, 2022, vol.34, no.1 43



After 0.1 s, the irradiation is changed from 800 to 1000 W/m2. Even though the irradiation is changed,
the voltage and current of the grid remains sinusoidal as shown in Fig. 9c. Further, the link voltage is fixed at
280V to continuously extract the maximum power from the PVarray, with a slight increase in source voltage
and current. Fig. 9d demonstrates the steady attribute of the converter for the variation in nonlinear load. It is
visualized that grid current and voltage are maintained sinusoidal even after some nonlinear load is
introduced in the system. The inverter current contains harmonics that is equal and opposite to the
load current so that the sinusoidal nature of grid current is preserved at fundamental frequency with
nonlinear load.

Figure 9: (a): Parameters of the PV module (b): Output of the converter and grid parameters (c): Output of
the converter and grid parameters after varying the irradiance (d): Output of the converter and grid parameters
after changing load
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The performances of the conventional and proposed PI controller with GWO-PSO algorithm are
measured by estimating the grid current total harmonic distortion (THD) using power analyzer, and are
shown in Figs. 10a and 10b. It is observed that grid current THD is 3:41% when the conventional PI
controller is utilized and 1:8% when PI controller optimized with GWO-PSO algorithm, which are well
below the recommended THD level allowed by IEEE.

3.2 Hardware Results

The proposed grid tied PV system is implemented experimentally using dSPIC30f 2010, which is a cost
effective 8–bit microcontroller. The controller which is linked with the CUK integrated boost converter has
used dc-link voltage as feedback signal so as to maintain the output voltage of the converter. The PI controller
at the inverter side uses potential divider and Hall Effect sensor to calculate the actual power at the grid. The
signals are processed by signal conditioners and then given to input terminals of the microcontroller. The
signals are then digitized using the inbuilt ADC unit. The microcontroller is programmed to track MPP of
the PV module and also to synchronize the grid voltage and current. The pulse width modulation unit
generates the pulses for converter and inverter. The hardware setup is given below in Fig. 11.

The simulation results are validated using the prototype implemented by the microcontroller. The
responses of the PV array for the change in insolation are shown in Figs. 12a–12c.

Figure 10: (a): Grid-Current THD using PI controller (b): THD using PI controller optimized with GWO-
PSO algorithm

Figure 11: Experimental setup
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For 0.55 duty cycle, the response of the proposed controller is depicted in Figs. 13a and 13b. Compared
with conventional controller, the maximum peak overshoot error and steady state error are reduced in
addition to the reduced response time of the proposed converter using PI controller optimized by PI
controller.

Figure 12: (a): Change in solar irradiance (b): PV array-voltage waveform (c): PV array-current waveform

Figure 13: (a): Output voltage of the converter using PI controller (b): Output voltage of the converter with
optimized PI controller
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The outcome of the PI controller is combined with the sine wave reference extricated from the grid
power and fed to the hysteresis controller as the reference power signal. As the reference is taken from
the grid, the current output at the inverter will have frequency and phase that will be exactly
synchronized with the grid voltage. The zoomed view of grid parameters are represented in Fig. 14b to
get the clear visualization.

The tracking efficiency of proposed GWO-PSO method is compared with P&O, Fuzzy logic and
conventional PI in Fig. 15. It reveals that, in comparison the proposed optimization gives extreme
efficiency of 99:8%. It also shows that the PI controller performance is better than the fuzzy logic controller.

The simulated and hardware results of grid current THD of different controllers are compared in Fig. 16.
The GWO-PSO based controller gives minimum value of THD of 1.8 and 2.1 in simulation and hardware.
The voltage transfer ratio of CUK Integrated Boost (CIB) converter is compared to SEPIC, CUK, and Boost
converters in Fig. 17. A maximum gain of 9 can be achieved with proposed converter while the gain of other
converters lies below 5. This shows the better suitability of the proposed CUK integrated Boost converter for
grid integration system. The grid current THD by using conventional and optimized PI controller is estimated
for the developed experimental setup which includes the power analyzer. It is highlighted in Figs. 18a and
18b. It is found that THD are 3.8% and 2.1% which are slightly higher than that are obtained in simulation
but lies within the limit prescribed by IEEE for grid-integrated PV system.

Figure 14: (a): Grid parameters (b): Grid parameters (Zoomed)

Figure 15: Comparison of MPPT methods
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4 Conclusion

The suggested technique investigates the dynamics and efficacy of the control system in the presence of
disturbances that occur in all photovoltaic systems due to the uneven nature of the radiation patterns and
temperature variations. The GWO-PSO combination determines the maximum value of the PI controller’s
gain parameters in order to adjust the duty ratio depending on the maximum power available at the
photovoltaic array. It is observed that the suggested PSO-GWO-PI controller-based CUK integrated Boost
converter-fed inverter compensates for harmonics better than a traditional PI controller under a variety of
operating situations. The simulation is carried out in MATLAB to highlight the value of rapid simulation

Figure 17: Comparison of gains of converters

Figure 18: (a): THD using PI controller (b): THD with optimized PI controller

Figure 16: Comparison of simulated and Hardware THD results of MPPPT algorithms
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speed. The simulated findings validate the suggested system’s performance, which is corroborated by the
experimental setup produced. The accurate tracking performance with power fluctuation is visible,
indicating that the suggested system and its controller are functional and superior enough to replace the
present system. The THD of the suggested configuration with optimised PI controller is 1.8 percent, and
the proposed GWO-PSO algorithm has a tracking efficiency of 99.8 percent.

Funding Statement: The authors received no specific funding for this study.
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