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proposed system is to expand array efficiency by optimizing the performance of
fuzzy-based maximum power point tracking (MPPT) controllers using a hybrid
approach that combines Salp Swarm Optimization (SSO) and Grey Wolf
Optimization (GWO). The proposed hybrid optimization algorithm effectively tunes
the parameters of the fuzzy logic controller (FLC), this leads to improve the tracking
performance. This leads to a robust and efficient MPPT controller using fuzzy logic
to accurately track the MPP under unpredictable ecological circumstances. The
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results are taken. The efficiency obtained by the proposed system is 99.8% and the

power obtained is 3995W. The proposed method efficiently tracks the performance
of the MPPT.
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1. Introduction

The population of the earth continues to grow, and the demand for energy rises accordingly [1]. However,
conventional energy sources such as uranium, oil, coal, and natural gas are limited in supply [2]. This
emphasizes the need to adopt alternative energy solutions. Renewable energy sources (RES) are becoming
increasingly important in generating electricity to meet this demand [3, 4]. Wind, solar PV, biomass, and fuel
cells are renewable energy sources that can be utilized as alternatives for electricity generation, helping to fulfill
our daily energy needs [5]. Solar energy is a great choice for electricity generation because it is clean, pollution-
free, and widely accessible [6, 7]. Solar power is commonly used in industrial, commercial, residential, and
military sectors. The performance of solar or photovoltaic (PV) cells in generating electricity is affected by
environmental factors like sunlight intensity, angle, cell temperature, and load conditions [8].

The main benefit of PV power generation systems is their ability to produce high-output power, ranging from
kilowatts to megawatts. This makes PV energy suitable for various applications, such as communications, space
vehicles, water pumping, reverse osmosis plants, satellite systems, and power plants [9]. A solar PV array
transforms sunlight into electrical energy [10, 11]. While its efficiency is lower compared to other renewable
energy sources, it can perform more effectively if it continuously adjusts to eco-friendly modifications, such as
disparities in solar radiation and temperature, to optimize power output [12]. The efficacy of a PV system can
be amended by implementing an MPPT. The MPPT is a technique used for maximizing the output power of the
array to adjust the voltage and current relationship, thereby boosting the system's overall power [13].

An MPPT controller is necessary for a solar-based PV system to operate at peak efficiency and increase
production. This demonstrates that, despite varying weather, the PV module consistently runs at its maximum
power output [14]. Because it can be difficult to keep track of the maximum power point, various strategies
have been developed to enhance system efficiency. These strategies include techniques like Fractional Open-
Circuit Voltage (FOCV), Fractional Short-Circuit Current (FSCC), Fuzzy Logic, Neural Networks, Perturbation
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and Observation (P&O), and Incremental Conductance algorithms [15]. Author [16] utilized the fuzzy-based

solar MPPT for the application of electric vehicle (EV). In [17], the simulation of solar PV with MPPT by utilizing

fuzzy logic control (FLC) approach. Author [18] described the performance analysis of artificial neural networks

(ANN) and P&O based on MPPT in PV systems. In [19], particle swarm optimization (PSO) was employed to

maximize the power in solar PV applications. The author [20] utilized the MPPT for tracing the Global

maximum power point (GMPP) by using PSO. The above-mentioned strategies have several limitations, like

high costs, complexity, trouble in implementation and possible unpredictability. To address these limitations,

this research proposes the optimization of a fuzzy-based MPPT controller for solar PV schemes by utilizing SSO

and GWO to maximize power generation. The main objectives of our proposed system are,

e To increase the efficacy of solar based PV systems by optimizing the performance of fuzzy-based MPPT
controllers through a hybrid optimization technique (SGWO).

e To advance a robust and efficient MPPT controller using fuzzy logic to accurately track the MPP under
varying eco-friendly settings.

e To propose a hybrid optimization algorithm (SGWO) to effectively adjust the parameters of the FLC, leading
to improved tracking performance.

e To solve the performance of the proposed optimized controller in terms of power extraction efficiency, and
speed tracking, against ecological variations.

The organization of this paper is described as follows: section 2 explains the various related works based on

MPPT. The proposed approach is detailed in Section 3, which covers the modeling of the PV system, battery,

and fuzzy-based MPPT controllers through a hybrid optimization of salp swarm and grey wolf optimization.

The simulation outcomes are described in section 4. Finally, a conclusion with future research is providing in

section 5.

2. Literature Survey

Some of the existing works related to the MPPT with different controlling strategies are discussed in this
section. Hussaian Basha et al. [21] discussed tracking the PV power using hybrid MPPT based on partial
shading conditions. The Hybrid optimization techniques for MPPT were evaluated by examining various
aspects such as the presence of oscillations at the MPP, the effectiveness of power extraction, the time required
to reach the MPP, and their reliance on the PV model. The hybrid MPPT method that combines Modified Grey
Wolf Optimization (MGWO) with ANFIS demonstrates higher performance than other power point tracking
methods.

Mariprasath et al. [22] explained in PV to maximize the output power using cuckoo search optimization (CSO)
The MPPT was utilized for Solar PV topology to optimize the power output, ensuring peak performance under
both constant and varying climatic conditions. A stackable single-switch boost converter (SSBC) with a Cuckoo
Search MPPT controller was suggested for the Solar PV system. The efficacy of this design was compared with
the traditional boost converters utilizing different MPPT techniques.

For MPPT in the PVA, Manna et al. [23] developed a model reference adaptive control (MRAC) design. To
improve MPPT performance, simplify system control, and efficiently handle environmental uncertainties and
disturbances in the PV system, a new adaptive control framework was put into place. The results demonstrated
that the suggested controller provides excellent tracking performance across different conditions, including in
the change of irradiance and temperature. The proposed MPPT topology achieves the lowest oscillation at the
MPP, faster convergence, improved efficiency, minimal ripple, and a lower error rate when compared to others.
Viswa Teja et al. [24] explained the ANN-based MPPT in the solar-battery powered EVs Permanent Magnet
Synchronous (PMS) motor. An ANN-based MPPT controller is applied to enhance the operation of the solar
PV array and maximize the output. A solar battery powered battery EV with ANN based MPPT control system
was designed. The performance of the suggested system was assessed by examining data gathered under
various load conditions to ensure stable parameters like torque and speed.

Mallat et al. [25] discussed the MPPT for the extraction of maximum power in PV system with genetic algorithm
(GA) based. The boost converter was adjusted with the duty cycle with GA-based MPPT algorithm, allowing
PV modules to activate at their MPP. The PV conversion platform was designed using Simulink/Matlab
software. The result showed that the viability of the suggested method has higher efficiency in regulating an
off-grid PV system.

Areola et al. [26] explained the MPPT based Adaptive Neuro-fuzzy inference system (ANFIS) in the solar PV
scheme. The irradiance and temperature data were obtained through the online global database. The ANFIS
reference model was developed using solar irradiance and temperature as input parameters, with the reference
maximum power output as the output parameter. The results verified that the suggested topology was more
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efficient than other traditional methods. Table 1 represents the methods, advantages, and disadvantages of
different references.

Table 1. Methods of different references.

References Method Advantages Disadvantages
Hussaian Basha et al. [21] | MGWO -ANFIS Higher performance High computational
complexity
Mariprasath et al. [22] CSO based MPPT To optimize the power | Overfitting issues
output, ensuring peak
performance
Manna et al. [23] MRAC To optimize MPPT | Limited to designing an
performance, simplifying | MRAC-based MPPT
system control specifically for partial
shading conditions
Viswa Teja et al. [24] ANN based MPPT Improved the operation of | Computational overhead
the solar PV array and
maximize its output
Mallat et al. [25] GA-based MPPT High efficiency High computational
complexity
Areola et al. [26] ANFIS Highly efficient Overfitting issues

3. Proposed Methodology

Global attempts to investigate RES counting wind, solar, biomass, hydropower, and geothermal have increased
due to the environment's degradation from global warming, the rising need for energy, and the depletion of
fossil fuel supplies. In particular, solar energy is regarded as a sustainable power-generating alternative because
of its global availability and environmental advantages. Because of its cheap maintenance, long lifespan, and
cleanliness, solar photovoltaic (PV) systems are becoming more popular among RESs. However, variable
climatic factors like partial shadowing, which can produce several points on the power-voltage (P-V) curve,
pose efficiency issues for PV systems. The MPPT methods are employed to optimize energy extraction from PV
arrays. The development of metaheuristic procedures, such as genetic algorithms (GA) and PSO, which provide
better tracking performance but have certain limitations, resulted from the inability of conventional MPPT
algorithms to accurately determine the true maximum power point in partial shading situations. Thus, this
research work proposed the optimization of fuzzy-based MPPT controllers for solar PV systems using
hybrid salp swarm optimization and grey wolf optimization (HSSGWO) for maximum power
generation. The PV module's output is linked to a DC-DC converter, which receives voltage and power change
signals from the input block and relays them to a fuzzy logic controller (FLC). The FLC output is then supplied
to the output block, which modulates the signal with an appropriate repetitive sequencing signal. To enhance
flexibility and efficiency, an optimized approach is introduced for configuring FLC system parameters using a
cascaded optimization algorithm. This hybrid algorithm fine-tunes the FLC parameters, ensuring precise and
rapid tracking of the desired outcomes. Fig. 1 below illustrates the block diagram of the suggested topology.

> pCcbc ™

DC Load
converter
PV panel
,_—+ ’_TPulses
HSS Fuzzy
GWO —» Dbased
Algorithm MPPT

Fig. 1. Block diagram for the proposed system
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3.1 PV Modeling

The source of energy from the sun is fed to the solar panel. The solar panel receives the irradiance from the
sun, and the atoms in the panel are energized and tend to move [27]. This leads to the formation of an energy
source in the panel. The below-given Fig. 2 represents the modeling circuit of the PV panel [28].

IP}L Rs Io

MA—>

Ip :
|
R Vo

|
|
|
|

v

Fig. 2. Circuit model of PV panel.

The above figure (2) has a diode current represented as /,,, shunt current is represented as [, and series

resistance is represented as R;. In the above figure, by applying the Kirchhoff’s law at the node is derived in
the equation below equation (1),

I, =1,+1g+1, (1)
From the equation (1), the equation (2) is given by,
]o:]ph_ID_ISH (2)

The photovoltaic current source equation (2) is given, the supply requires maintaining a balance of the equation
between the cell and the parallel resistance.

V.+1 *R V.+I1 *R
L=1,-1, eXpLTsJ—I {R—S} (3)

SH

The above equation (3) illustrates the current value for the PV system. /, exemplifies the reverse saturation

current, and V' represents the voltage produced in the system. After the generation of power in the panel, a

o
system is required to extract the power [29]. The boost converter is a device for boosting out the potential from
the PV. For the ideal model of the PV panel, a diode is placed in parallel with the system. The power generated
in the panel is not balancing so there is a series and shunt resistance is used in the system.

3.2 Boost Converter

A DC-DC step-up converter is utilized in the system to extract the MPP from the PV; it is positioned between
the PV and the load. It is employed to maximize solar panel load matching. To increase the power generated in
the PV panel, the converter duty cycle D is used in the selection process, and the IGBT is used to enhance the
converter parameters and control [30]. The equation below describes the output for voltage and current of the
boost converter are given by equation (4 and 5),

V,=V,

1
i m 4)

[ =1(1-d) (5)

Here, in the boost converter the ¥, and I, are given as the outputs, V; and /, are given as the inputs for both
voltage and current and d is the duty cycle of the boost converter.
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3.3 MPPT
To take the power output from the system to the fullest is described in this technique. The MPPT is mainly used
in PV, wind turbines, optical power transmission, and thermo photovoltaic. The working principle of the MPPT
is that it detects the output current and voltage of the irradiance method to calculate their power and decide
whether the system is in MPP. The MPPT regulates the voltage and current separately, which aids in managing
the suggested system's overall performance [31]. This can be achieved by, controlling the MPPT with the help
of an algorithm. In the MPPT, the algorithm used in the proposed paper is FLC.

3.4 FLC
Three major components make up FLC. The fuzzy transforms the crisp variables into fuzzy or linguistic
variables in the first section. The IF-THEN rule based on the FL.C is combined with fuzzy inference in the second
portion of the fuzzy. In the third part defuzzification is used to convert the linguistic variables back into crisp
variables.

3.4.1 Proposed MPPT control based on HSSGWO and FLC

When faced with unexpected changes in the weather, FLCs are more intelligent and resilient than other
controllers like MPPT controllers. In this proposed system, the MPPT controller is optimized with FLC and
hybrid SSO and GWO (HSSGWO). The controller is an offline-based controller, and the computational cost is
not analyzed. Since the controller determines the duty cycle for the DC-DC converter by applying fuzzy rules,
its design phase should be based on fuzzy logic principles. In order to construct a Fuzzy system, it is necessary
to define the inputs and outputs, as well as their membership functions and definition scope.

Fuzzy inputs are defined in this proposed study as the ratio of power variations to voltage variations and the
derivative of this ratio, both of which are considered to be fuzzy. Since D is the desired value for the controller
design, it follows that the output of the fuzzy system should likewise be set to D. Therefore, the fuzzy system
has two inputs and an output. The fuzzy system uses triangle membership functions for both its input and
output. The triangle membership function uses the symmetrical phase system to specify the ranges of the
variables. The range variables are ranged from 3 membership function as an input and 9 membership function
for output.

The MPPT operates based on the PV module of the PV characteristic. In FLC, the input to the controller is given

by, E and dE in equation (6) and (7). The rate of power to voltage variations and the difference of E at time
t. , correspondingly [32]. The output obtained by the controller is a duty cycle given in the equation (6 and 7).

. c; (t)-G,, (i, 1)
o (L) =V, (. =1)
dE(t,) = E(t,)~ E(t, ~1) )
Here, G ,,(¢) and V() are the output power voltage of the PV module are given in the system.

(6)

3.4.2 Definition of Membership Function

In this process, the first stage is to identify the description series and the membership function in input and
output of FLC. The variables obtained in the system are 5 and given as the input to the membership function
and the 17 defined variables are obtained and given as the output to the membership function and they are all
identical through an optimization process. The below Fig. 3 describes the membership function for 5 variables
(x (1) to x (5)) the signs are given as negative (N), zero (Z), and positive (P). The place of these parameters
should be optimized for the finest outcome.
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Fig. 3. Sample of FLC membership function

3.4.3 Design of Fuzzy Rule Set

The fuzzy rule set is given in the second phase and is the greatest significant phase of FLC and in the design of
the FLC. Mamdani defuzzification is utilized in this work. In this system the fuzzy input is divided into three
membership function then the fuzzy rule is considered to be nine rules which is listed in table 2. Here, X(28)
to X(36) as the optimization variables in the fuzzy set rules to determine their optimal values. The optimization
variables of the membership function in this system take 10 inputs, 17 outputs, and 9 variables utilized to
determine fuzzy rules into account [33]. Table 2 represents the summary of FLC rules.

Table 2. Summary of FLC rules

D E
dEis P dE is Z dEis N
X(30) X(29) X(28) N
X(33) X(32) X(31) Z
X(36) X(35) X(34) P

3.4.4 Definition of objective function

Defuzzification stands as the final stage of the objective function. Optimizing the error level of the fuzzy inputs
E and dE is the main goal of the topology. The criterion error cost function is given as integral square error
(ISE) in equation (8).

D(AE) = [ (AE + AdE?
(AE) = [ (AE” + AdE™)dr ®)

Here, G is represented as the simulation time; AE and AdE represent the relation of power mismatch to
voltage mismatch, and the derivation is also optimized.

3.5 Salp Swarm Optimization

The remaining salps in the chain follow the leader's movements, adjusting their positions based on a
mathematical model that mimics their natural behavior. The optimization performance is enhanced by this
coordinated movement, which allows for effective exploration of the search space. Because it strikes a good
compromise between the two, the SSA method is good at addressing complicated optimization issues. The
equation (9) represents the search of food.

o fu+C,, (ub, —1b,)C,,

Io

+1b,,Cy, 2 0.5

lo>

- (9)
fI:; -C,, (b, -1b,)C,, +1b,,C;, <0.5
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Cso and Cs, represents the selection of random number [o, 1], X !

,» represents ith coordinate for the salp leader

and f, represents the food source.

Decreased as shown in equation (10) is the exploration and exploration ability balancing coefficient C,, for
SSA.

{3)
C,=2e"" (10)
Here, ¢ represents the iteration formed and n illustrates the supreme amount of repetitions existent. As the
leader is updated the followers, follow the same path as the leader [34]. The updating equation is given below
equation (11),

XK = %(X,K +X57) (11)

Here, X ,’; illustrates the location of the Kt follower at the Ith measurement and I > 2.

3.6 Grey Wolf Optimization

This meta-heuristic approach is based on grey wolf simulation. The grey wolf optimization (GWO) has solved
many optimization problems of non-bulging and gave the finest result by comparing other optimizations such
as PSO, GSA, and DE. The GWO has mainly three wolf search engines to search the entire space. The three
search engines are alpha (a), beta (), and gamma (y). Alpha is the first among the three and the dominant
leader followed by beta and the lowest is the gamma in the ranking system. Omega (w) wolves are also present
and are not as important as the other three as shown below in Fig. 4.

Fig. 4. Grey wolf hierarchy

The attacking pattern of the prey by the wolves is mainly divided into three stages. The insights of the hunting
pattern are by finding the prey, encircling it, and disturbing it until they break off. The equation for encircling

the prey is given below equation (12 and 13),
T=|G.X,(t)-X,,(t) (12)

X, (¢, +1)=X,(t)- AT (13)

In this equation T represents the existing location, X, represents the location of target, X, represents the

location of the grey wolf, A and G are the constant courses and are intended as in equation (14 and 15),

A=2d7 —ad (14)
G=27 (15)
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Here, i7l and 172 represents the random value, and ‘a’ is varied from 2 to 0 at time of iteration [35]. As the

engine don’t know the exact position of the prey, they are going to employ the best hunter for the hunting
behavior. The remaining position depends on the search engine. The hunting is normalized by hunting down
the prey by best, subsequently best and the third best. The lowest wolf updates their equation (16, 17, and 18).

T, =|G.X, ()~ X, (1)

b

ﬂﬂ = ‘Gz p ()= Xpy (1))

5 (16)

Xl :Xa _;il (_'a)’
X, =X,-4,(T)), (17)
X, =X, -A4,.(T)

Xt+)=(X,+X,+X,)/3 (18)

Here, X = 1,2,3,..nrepresent the population, X " ,)? ﬁ,)?]/ are the search agents, respectively. The below-

given Fig. 5 represents the flow chart for the suggested HSSGWO. This gives the detailed operation of the
proposed topology.

Start

Input SS and GWO Parameter

v

\7 Initialize Position and Velocity of each particle

v

(Find S best and G best position of particle |
[ i=o

1=171

Update Velocity of each particle =
Update Position of each particle

[
\ 4

{ » Crossover
= T
v

Update S best and G best for each partiéle

v
(>

- LY&S

End

SS

GWO

Fig. 5. Flow chart reﬁféééntation of HSSGWO
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4. Results and discussions

The proposed system was simulated by the Simulink tool the required result was taken from the system. The
input from the PV array is given to the DC-DC converter, the fuzzy-based MPPT sends the signal to the
converter. The algorithm used in the proposed system is the hybrid salp swarm grey wolf optimization
technique as shown below in Fig. 6. The signal is given to the fuzzy controller to tune the gain parameters.

Discrete
Se-05s.

HSSGWO

Irradiance
(W/m2)

Temperature

(Deg. C) PV Array

DC-DC converter2

Fig. 6. Simulation of proposed topology
The input to the system is given as irradiance and temperature to the user-defined 5-module and 4 parallel
panels. This is then fed to the DC-DC converter and to the load. The signal is also fed to the FLC and then given
to the converter circuit. Then, they are given to the load. Below Table 3 represents the number of parameters
and the value section that is described in the below section.

Table 3. Number of parameter and value

Value Parameter
200.143 W Maximum power
54 Ncell Cells per module
32.9 Voc (V) Open circuit voltage
8.21 Isc (A) Short circuit voltage
26.3V Voltage at maximum power point
7.61 A Current at maximum power point
-0.355 (%/deg.C) | Temperature coefficient of Voc
0.06 (%/deg.C) Temperature coefficient of Isc

4.1 Case 1. Constant temperature irradiance
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Fig. 7. Waveform for (a) Current and Power and (b) comparison for constant irradiance

The above Fig. 7 (a) represents the output waveform for power and current with constant irradiance 1000 W/m?
and temperature 25°C. The current is flown through the constant system at 32.84A, the power is raised to 4000
W/m2 and dropped at 164.5V. Therefore, the constant irradiance is formulated in the system. The above Fig. 7
(b) represents the comparison of power with different algorithms and controller and found that the proposed

system has a continuous irradiance of 1000 W/m2, for the power of 4000W at a varying time. Below Table 4
represents the comparison of different algorithms for stable irradiance.

Table 4. Comparison of stable irradiance

(@)

(b)

Casel
Efficiency Power
Proposed 99.8 3995
SSA 97.74 3912.5
GWO 096.8 3875
INC 90.335 3616
P&O 75.4 3020
Without
MPPT 59.2 2370
4.2 Case 2. Varying irradiance
10+ ,
2 1 kW/m 4000 + ~ 4
z gﬁ kW/m’ AN ~ |
s 04 kwm? [ \_f
© 3000 1
00 s 10 15 20 25 30 3 5 —
Voltage (V) -
— E 2000 —Without MPPT
i W' e ——INC MPPT
3 R Wim w00l P&O MPPT
£ 100 DERYm —GWO FLC
¢ m ——SSAFLC
. . . ‘ ‘ ‘ . \\ ol ‘ Proposed
0 5 10 15 20 25 30 35 0 04 0.6 0.8 1
Voltage (V) Time (sec)

Fig. 8. Waveform for (a) Current and Power and (b) comparison for varying irradiance
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The above Fig. 8 represents the output waveform of varying irradiance for (a) power and current, and (b)
comparison for varying irradiance. In the proposed system the irradiance for 1000 W/m2 with a current of
32.84A and a voltage of 164.5V is obtained in the system. For the comparison of varying irradiance, the time
period of 0 to 0.2, 0.2 to 0.45, 0.45 to 0.8, and 0.8 to 1 gives the irradiance of 1000, 600, 400, and 800 W/mz2.
Here, Table 5 represents the comparison variable irradiance of different times for different algorithms.

Table 5. Comparison of variable irradiance

Case2
Time | Irradiance | Proposed | SSA GWO INC P&O | Without
0-0.2 1000 99.82 97.76 96.93 90.29 75.3 59.2
0.2-0.5 600 93.89 91.41 93.1 87.9 81.16 55.2
0.5-0.7 400 91.09 890.3 87.43 82.4 72.13 53.6
0.8-1 800 95.23 93.23 94.2 88.493 79.2 58.41
4.3 Case 3. Varying temperature
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Fig. 9. Waveform for (a) Current and Power and (b) comparison for varying temperature
The above Fig. 9 represents the output waveform of varying temperature for (a) power and current, and (b)
comparison for varying temperature. For the current of 32.87A and power of 4002.86W, the temperature is
varied such as 20, 25, 30, and 35°Cin the above figure. In the comparison range the irradiance is varied with

respect to the varying temperature. Here, the below Table 6 represents the comparison variable temperature
of different time for the different algorithms.

Table 6. Comparison of variable temperature

Case 3
time Temperature | Proposed | SSA GWO INC P&O | Without
0-0.2 35 98.5 98.07 98.9 94.36 78.3 61.6
0.2-0.5 30 97.03 95.11 04.21 85.56 68.93 55.91
0.2-0.8 25 97.6 95.43 94.43 86.9 69.9 56.83
0.8-1 20 99.5 97.35 96.37 917 73-3 59.92

4.4 Partial shading condition
In the partial shading state, here we use three panels for calculating the I-V characteristic and P-V features.
The condition occurs when there is not much amount of irradiance formed by the sun though it is shaded by

some kind of natural phenomenon. For bypassing this condition, the MPPT are used in the proposed system.
e Condition 2
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4.4.1 Condition 1. Pattern with irradiance 1000 W/m2, 1000 W/m2, & 1000 W/m?
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Fig. 10. Output waveform for partial shading condition 1 (a) comparison, (b) I-V, and (c) P-V
In this condition, Fig. 10 represents the output waveform for the partial shading condition of I-V Characteristic,
P-V Characteristic, and the comparison waveform. Here, three panels are used for the partial shading for a
common and stable irradiance of 1000 W/mz2. Each and every panel used the same irradiance of 1000 W/mz2.

4.4.2 Condition 2. Pattern with irradiance 1000 W/m2, 1000 W/mz, & 400 W/m2

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons
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Fig. 11. Output waveform for partial shading condition 2 (a) comparison, (b) I-V, and (c) P-V
The above Fig. 11 represents the partial shading condition 2 for comparison, I-V characteristic and P-V
characteristic curve. In this phase unlike condition 1 the third-panel irradiation is changed. The irradiance
values applied in the three panels are 1000 W/m2,1000 W/m2, and 400 W/mz.

4.4.3 Condition 3. Pattern with irradiance 1000 W/mz, 700 W/mz2, & 400 W/m2
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Fig. 12. Output waveform for partial shading condition 3 (a) comparison, (b) I-V, and (c) P-V

The above Fig. 12 represents the output waveform for partial shading condition 3 of I-V characteristic, P-V
characteristic and the comparison is given. The irradiance for the three panels are different 1000 W/mz2, 700

W/mz, and 400 W/m2.
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20 40 60 80 100

Iteration
Fig. 13. Graphical representation for iteration

The proposed system is represented in the above-mentioned graphical Fig. 13 with the comparison of other
mentioned grey wolf optimization and salp swarm optimization, and observed that our proposed system
obtains less iteration. The below Table 7 illustrates the comparison of different algorithm with different time
responses. From the comparison Table 7, it has been perceived that the suggested system has achieved in a
smaller number of time while comparing with different topologies.

Table 7. Comparison of different algorithm with different time response

Proposed | SSA GWO INC P&O | Without
Rise time (Tr) 0.0383 0.0725 | 0.0416 | 0.0524 | 0.9885 0.9867
Peak time (Tp) 0.062 0.098 0.084 0.91 1.45 1.23
Settling time (Ts) 0.0578 0.068 0.0709 0.71 0.3 0.413
Peak overshoot
(Mp) 2.44 0.32 -0.63 -0.728 -5.92 -39.2
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5. Conclusion

The enhancement of PV by optimizing the performance of fuzzy-based MPPT controller through HSSGWO, to
develop a robust and efficient use of MPPT controller to trace the maximum power point in different load
conditions an FLC is used. Thus, the system can compare the performance of the suggested controller with the
current techniques and assess how well the MPPT performs in terms of power extraction efficiency and speed
tracking against environmental fluctuations. The efficiency obtained by the proposed system is 99.8% and the
power obtained by the system is 3995W. The speed tracking of the system is observed and found the proposed
system achieves improvement over the other system, and also in the comparison aspect the system performs
better than the SSA, GWO, INC, P&O, and without MPPT. The future of this paper can be implemented in direct
work. The optimization can be improved to give a 100% efficiency range.
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