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ABSTRACT: Currently, integrating Renewable Energy Sources (RES), particularly Photovoltaic (PV) 
systems, into power networks has become increasingly important for sustainable energy generation. 
Therefore, this research develops a control approach for a high-gain Triple Winding Max Gain Boost 
(TWMGB) converter, incorporating a Maximum Power Point Tracking (MPPT) controller for PV 
systems.  The developed converter exploits a triple winding inductor structure to attain an improved 
voltage gain, making it appropriate for low voltage PV system needs effective step-up capability. An 
innovative MPPT control approach based on Walrus Optimization Algorithm (WOA) tuned Radial Basis 
Function Fuzzy Inference System (RBFFIS) is utilized to extract the utmost power from the PV array 
in dynamic ecological conditions.  It assures fast convergence to the global MPP and enhances tracking 
accuracy even in partial shading scenarios. Moreover, the coordinated interaction between the TWMGB 
converter and adaptive control approach assures better performance in terms of diminished voltage stress 
and ripple. The performance of a system is applied via the MATLAB/Simulink tool, demonstrating 
its adaptability and robustness with a converter efficacy of 97.61%. The developed system offers a 
consistent and scalable solution for advanced PV-based power systems, contributing to sustainable 
energy conversion and utilization.
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1- Introduction
The fossil fuels that are exploited to produce power are 

not good for the environment and contribute significantly 
to climate change. Additionally, a global energy crisis has 
been predicted as a result of decades of extensive fossil fuel 
exploitation [1, 2]. One sustainable way to address the need 
for electricity is through microgrids. A microgrid functions 
independently or in conjunction with the grid to supply 
energy to a particular area, such as a community, campus, 
or industrial facility. The most appropriate and cost-effective 
method of supplying electricity is a microgrid that is powered 
by Renewable Energy Sources (RESs) [3]. Renewable 
energy technologies are seen as sustainable substitutes 
for fossil fuels and offer a cleaner, more environmentally 
friendly source of electricity [4, 5]. RESs include biomass, 
PV, small hydro, solar thermal, geothermal, wind, and biogas 
[6]. Technologies based on renewable energy, especially 
solar photovoltaic and wind energy conversion systems, 
are booming because they are widely accessible and offer a 
sustainable and environmentally pleasant way to meet future 
power needs [7].       

For many energy systems, whether centralized or 

decentralized, developing PV technologies are the chosen 
low-carbon alternative due to their abundance, ease of use, 
and minimal environmental impact. Nevertheless, as PV 
penetration keeps rising, the power grid finds it challenging 
to use large amounts of PV energy due to the unpredictability 
and instability of PV generation [8].  The DC-DC converters 
are necessary to overcome these issues, that includes Boost 
converter [9], which overcomes the unpredictability in solar 
panel output.  Low voltage gain, fewer voltage ripples, 
temperature dependency, maximum voltage stress over the 
switches, and massiveness are some of these converters’ 
drawbacks.  Applications that demand greater output voltage 
levels from low input voltages are benefit from the coupled 
inductor-based Boost converter, which is demonstrated in 
[10]. It allows for effective coupling and substantially higher 
step-up voltages.  However, the large voltage spikes brought 
on by leakage inductance are one of the major problems 
with coupled inductor converters. A large voltage gain at a 
moderate duty cycle, minimal switching losses, and better 
efficacy are all provided by the extended boost converter in 
[11]. It is expanded to provide maximum voltage gains by 
enhancing the number of cascading cells. However, because 
of the extra components, it has a more complicated design, 
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larger output voltage ripple, and higher prices.                  
In order to reduce the intricacy of the control circuit for 

getting a static DC voltage at the output side for flexible 
input loads or voltages, a boost converter based on switched 
capacitors and inductors is invented in [12]. Nevertheless, 
because of the high-frequency operation, it frequently shows 
higher switching losses and conduction losses. A quadratic 
buck-boost converter [13] has high efficiency, compact 
size, and shared source and load characteristics. However, it 
indicates reduced efficiency as a result of frequency loss in 
diodes and hysteresis and eddy current loss in inductors. In 
[14], the three-winding coupled-inductor boost converter is 
exploited, which has a maximum voltage conversion ratio. 
Nevertheless, the reliance on the coupled inductor design 
leads to improved susceptibility to failure within the converter. 
The two-winding coupled inductor has reduced ripple current 
and offers galvanic isolation among the windings.  However, 
it enhances the output voltage ripple because of the current 
ripples from both windings [15].    

Henceforth, this research develops a high-gain triple 
winding max gain boost converter for enhancing the PV 
voltage to the required level. To track the MPP of PV under 
various irradiance profiles, a variety of MPPT approaches 
have been introduced [16, 17].  It includes ANN [18], 
Fuzzy [19], and ANFIS [20, 21] that have higher accuracy, 
higher precision, and stability around the maximum power 
point, effectively reducing tracking errors. However, these 
approaches are time-consuming, have uncertainties in input 
data, and are of higher complexity. Thus, the RBFFIS-
MPPT is utilized for tracking the highest power from the PV 
system, and its performance is enhanced by an optimization 
algorithm, comprising Particle Swarm Optimization (PSO) 
[22], which performs well in exploring large search spaces. 
However, the convergence rate is slow as particles oscillate 
around the best-found solution.      

The Gray Wolf Optimization (GWO) is presented in [23], 
which exhibits a quick convergence rate, permitting it to 
efficiently detect optimal solutions in several optimization 
problems. Nevertheless, GWO has fewer parameters 
compared to some algorithms; unsuitable settings of these 
parameters are still adversely influence its performance. 
The firefly algorithm [24] is suitable for solving highly 
multimodal and non-linear optimization problems. 
Nonetheless, the FA gets trapped in local optima due to its 
reliance on current performance. An Artificial Bee Colony 
[25] algorithm exhibits strong exploration capabilities, as it 
efficiently explores the solution space.  However, the ABC 
algorithm struggles with exploitation; it sometimes fails 
to efficiently refine solutions after initial exploration. The 
Zebra optimization algorithm is presented in [26], which has 
fewer parameters and easy implementation, but suffers from 
premature convergence and local optima entrapment. The 
Pelican optimization algorithm has a fast convergence rate and 
efficient exploitation and exploration capabilities. However, 
it has premature convergence and diversity problems in the 
population [27].  To overcome these difficulties, the walrus 
optimized RBFFIS-MPPT algorithm is exploited. The main 

contributions are,  
Implementing a high-gain triple winding max gain 

boost converter for enhancing the PV system’s voltage with 
maximum efficacy. 

Incorporating RBFFIS-MPPT for peak power extraction, 
and its parameters are fine-tuned by WOA.       

2- Proposed Methodology
Fig. 1 represents the block diagram of the proposed 

work. Initially, the PV system acquires the solar energy and 
transforms it into power. Then, the output of the PV system 
is delivered into the TWMGB converter that utilizes the 
magnetic coupling and multiple inductor windings to attain 
a better voltage gain. 

To ensure optimum power extraction from PV panel, the 
Walrus optimized RBFFIS MPPT controller is exploited. It 
integrates the fast learning and nonlinear mapping ability of 
RBFFIS with the global search ability of WOA that simulates 
the group mitigation and collision avoidance characteristics 
of walruses. It constantly processes the real-time values 
of  PVV and PVI  to estimate the optimal duty cycle for 
converter operation. This duty cycle is then transformed into 
high-frequency switching pulses by the PWM generator. It 
assures that the converter constantly functions at the point of 
highest power transfer from the PV panel, improving overall 
system performance. It adapts dynamically to environmental 
changes, making it better for applications like microgrids, 
electric vehicle charging, and off-grid power systems.      

2- 1- PV System
The PV system converts solar into power. Its current and 

voltage is detected by the number of series and parallel cells. 
The PV system’s circuit is displayed in Fig. 2. The PV panel’s 
general equation is, 
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  Where the current flowing over the parallel resistance is 
denoted by ,pI  current passing over the diode is dI  and is,     
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By applying Expression (2) and (3) in Expression (1), 
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Then, the PV system’s low voltage is improved by a 
triple winding max gain boost converter and its operation is 
discussed below.   

2- 2- High-Gain TWMGB Converter
The bC and aD serve as the passive clamp circuit in the 

developed converter. Only the voltage of the capacitor  bC
provide voltage stress on the switch. At the converter’s input 
stage, the inductor Lin controls input power and lowers 
input current ripple. The circuit of the TWMGB converter is 
revealed in Fig. 3. Fig. 4 shows the switching waveform of 
the developed converter.          

Mode I: 
Here, S  is active in the first operating mode, as seen in 

Fig. 5(a). The input voltage charges the inductor inL . The  cD
is active to pass the current of the coupled inductor’s third 
winding, while aD and bD  are inactive. The same diode  cD
current is exploited to charge the output capacitor. When 
the coupled inductor’s third winding’s current reverses, this 
operating state ends.   

Mode II: 
The third winding of the connected inductor’s current 

direction shifts over the time period. Consequently, bD is ON 

 

Fig. 1. Block diagram of proposed work        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Block diagram of proposed work.

 

Fig. 2. Circuit of PV system  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Circuit of PV system. 
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and cD is OFF, as revealed in Fig. 5(b). In this stage, aC
and bC charge the magnetizing inductor yL . To source the 
load, the output capacitor is discharged. The current passing 
through the coupled inductor’s third winding charges the 
capacitor   cC . When the power switch is inactive, this mode 
ends.  

Mode III: 
The switch S  is inactive during this stage. As a result, 

the inductor current is conducted by turning on the diode
aD . The passive clamp circuit is operational in this mode, 

and the power switch’s voltage stress is restricted to bVC
. This period of time is short and ends when the diode bD
is inactive, and the third winding of the coupled inductor’s 
current is reversed, as indicated in Fig. 5(c). 

Mode IV: 
The diode cD is activated during this time. As a result, the 

output capacitor is charged by the connected inductor’s third 
winding current, as represented in Fig. 5(d). The aC  releases 
the magnetizing inductor. As soon as aD is switched off, this 
mode is terminated.

Mode V:
When the inductor current and the coupled inductor’s 

second winding current are equal, this mode is initiated, as 
revealed in Fig. 5 (e). Consequently, the diode aD is off. The 

 bC and OC are charged while aC and  cC are discharged. 
When the switching period is over, this stage is concluded, and 
the S is turned back on during the subsequent switching cycle. 
Since stages I and III are small, they are disregarded. The 
voltage across inL  and the coupled inductor’s magnetizing 
inductor in mode 2 by applying KVL is,    
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Here, the input voltage is similar to the voltage of .inL  
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Fig. 3. Circuit of TWMGB Converter 
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Fig. 4. Switching waveform of TWMGB Converter 
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The voltages of the inductors in mode 4 are, 
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The magnetizing inductor’s voltage in mode 5, 
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The switching loss is,
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Here, the switching frequency is denoted as Sf  and the 
switch’s parasitic capacitance is  .SC  Thus, the switch’s 
power loss is, 
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The main side of the coupled inductor’s current is,
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The coupled inductor’s overall power loss is,
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Where the coupled inductor’s total equivalent resistance 
is 1.C The capacitor currents are,
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The RMS values of the capacitors are, 
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The capacitor loss is,
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Subsequently, the uppermost power from PV system 
is extracted by utilizing RBFFIS MPPT controller and its 
performance is enhanced by WOA. 

2- 3- Walrus Optimized RBFFIS MPPT Controller
For tuning the parameters of RBFFIS-based MPPT, the 

WOA is exploited for detecting the optimal parameter set 
that maximizes the output power from a PV system. The 
initial phase of WOA initiates with the random generation 
of a population of walruses, where each walrus indicates a 
potential candidate solution to the optimization issue. These 
candidate solutions are encoded as vectors in the population 
matrix as,     
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Where the number of walruses is denoted by , N The 
number of parameters to be tuned in the RBFFIS MPPT 
controller is m  and thj  decision variable is ,i jx  suggested 
by thi  walrus. Each walrus vector iX  is estimated utilizing 
the objective function that quantifies the quality of MPPT. 
The objective function iF  for thi  walrus is,   
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Where, the objective function vector is indicated by .F   
The objective function is developed to enhance the output 
power from the PV system or diminish the error between 
actual and reference power. As iterations proceed, the WOA 
updates the population based on the characteristics of the 
walrus.  In each iteration, the walrus population is updated 
to explore better configurations of the RBFFIS by adjusting 
the spreads, centers, and output weights of the radial basis 
functions. Subsequently, the WOA guides the optimization 
process to evolve the RBFFIS parameters that result in 
highly accurate and MPPT control, particularly in varying 
environmental conditions. This initialization stage forms the 
basis for the iterative optimization process in WOA, assuring 
the RBFFIS controller track the MPP with robustness and 
high precision.  In the exploration phase, the WOA mimics 
the natural foraging characteristics of walruses to explore the 
search space for optimal solutions. 

Each walrus indicates a parameter configuration for the 
RBFFIS, comprising the widths and centers of the Gaussian 
functions and rule weights.  To update the position of  iX  , a 
new candidate position is generated by 
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Where the random variable is represented by , , i jrand
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best solution’s thj  parameter value is 
jSW , .  i jI are integers 

selected randomly among 1 or 2.  It assures the candidate 
RBFFIS configurations, averting premature convergence 
to local optima. If the new configuration results in a better 
objective function value than the current one is replaced by, 
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This iterative update improves the global search ability of 
WOA and assures that the RBFFIS parameters are gradually 
refined towards attaining optimal MPPT performance. This 
stage tunes the RBFFIS MPPT controller to generate a 
duty cycle output that aligns with the MPP, under changing 
conditions.  In the Migration phase, the WOA mimics the 
seasonal migration characteristics of Walruses that relocate 
to new habitats in search of more favourable conditions. 
This metaphor is employed in the algorithm to improve 
exploration and diversity by repositioning candidate solutions 
to new areas in the search space. This phase allows broader 
refinement of the RBFFIS parameters like the centers and 
spreads of Gaussian functions and output weights, assuring 
that the system is not prematurely converge to local optima 

and continues seeking better parameter configurations. Each 
Walrus represents a complete set of RBFFIS parameters, 
migrate towards the position of another randomly selected 
Walrus from the population. This migration replicates a shift 
in parameter space solution toward more promising regions, 
guided by the comparative quality of other solutions. The 
new generation is generated by, 
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 Here, the new candidate solution’s decision variable is 
indicated by 2

, ,P
i jx  corresponding variable from thk  walrus 

is ,k jx  , random variable is ,i jrand  and ,i jI  introduces the 
randomness in the step size to enhance exploration ability. 
After developing this new position, its efficacy is estimated 
according to the objective function. The candidate solution is 
updated as, 
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This phase assures that the WOA continues to balance 
local and global search, enabling the RBFFIS MPPT 
controller to evolve toward an optimal set of parameters. 
The dynamic adaptation of each walrus to potentially better 
solutions diversifies the populations and evades premature 
convergence. In the exploitation phase, the defensive 
characteristics of walruses when they encounter natural 
predators. These biological characteristics are changed into 
a local search that detects the search around each walrus’s 
present position to fine-tune the better solutions.  Here, the 
new position is computed as, 
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 The local bounds , ,    t t
local j local jlb and ub are exploited to 

constrain the movement of the search within a particular 
neighbourhood is,   
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Where the current iteration index is denoted by , tht j  
variable’s global upper and lower bounds are   .j jub and lb  
This assures that the neighbourhood radius shrinks over 

 

Fig. 6. Flowchart of Walrus optimized RBFFIS MPPT controller  
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successive iterations, shifting the search focus from global 
exploration to precise local refinement. The newly generated 
RBFFIS configuration 3P

iX  is evaluated utilizing the 
objective function that measures the MPPT performance, 
based on diminishing the tracking error or maximizing the 
output power. Then, the new position is updated as,  
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It enables the WOA to conduct an intensive local search 
around high-quality solutions, thereby fine-tuning the 
RBFFIS controller to enhance MPPT performance. Through 
this exploitation approach, the WOA assures the RBFFIS 
parameters are improved by enhancing precision, enabling 
the controller to constantly produce an ideal duty cycle for 
the developed converter. Then, each Walrus is constantly 
refined via these 3 behaviours across multiple iterations until 
a predefined stopping criterion is met. The outcome is a very 
effective and robust MPPT approach that enhances power 
extraction from the PV array, reduces energy losses and 
improves overall system reliability.      

3- Result and Discussion 
This section offers various simulation outcomes that 

confirm the efficacy of the developed TWMGB converter 
with WOA-based RBFFIS MPPT controller under distinct 
weather conditions in MATLAB/Simulink tool. The 
specification of parameters is depicted in Table 1.     

Case 1: Steady State Condition  
The characteristics of the solar panel in steady state 

conditions are presented in Fig. 7. The temperature remains 
a steady value of 28oC  while the intensity is sustained at 

( )1000 / .W Sq m  in the complete system.  Similarly, the 
voltage and current of the PV system are settled at 110 V  
and 42 A  (based on the temperature and intensity) without 
oscillations all over the system. 

Based on this input voltage and current, the boosted 
output voltage is varied as discussed in Fig. 8. Here, the 
output voltage is initially changed and is settled at 375 V  
with little distortions. Subsequently, an output current is 
slowly changed and maintained at 12  A without oscillations 
throughout the system.   

Input and output waveforms of power are represented in 
Fig. 9. The input power is gradually raised and is stabilized at 
4200 W  in the entire system. Consequently, the output power 

Table 1. Specification of parameters.
Table 1: Specification of parameters 

Parameters Specification 

PV system 

Total Power  10K W 

Panel’s peak power  250 W  

Current (Short circuit) 8.95 A 

Maximum Peak Voltage    

Voltage (Open circuit) 37.25V  

Maximum Peak Current  8.35 A  

NP  11  

NS 4 

TWMGB converter     

Ca, Cb and Cc 22 μF 
Lin 4.7mH 

Lx, Ly 45mH, 700mH 

CO 2200 μF 

 Switching frequency  10kHz 
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is reduced and maintained at 4100 W  without oscillations 
throughout the system.    

Case 2: Varying condition  
Fig. 10 indicates the behaviour of PV system in changing 

temperature and intensity condition.  The temperature is 
changed in the beginning and is enhanced to steady value 
of 35 C



 with no changes and intensity is also varied and 
sustained at ( )970 / .W Sq m  deprived of oscillations. The 
voltage of PV is varied slowly and maintained at 110 V  and 
current of PV is randomly varied and stabilized at  50 A .

The output waveforms of the TWMGB converter are 
depicted in Fig. 11. The TWMGB converter’s output voltage 

is arbitrarily varied and maintained at 390 V  without 
distortions. Also, the output current is altered in the initial 
stage and sustained at 13 . A   

Fig. 12 reveals the input and output waveforms of power. 
An input power is varied in the starting stage and is stabilized 
at 5000 W  and output power is changed randomly, and it is 
sustained at 4900 W  without variations.  

The waveform of PV at fluctuating temperature and 
constant irradiation condition is represented in Fig. 13.  In this 
condition, the temperature is varied and stabilized at  35�   
and persistent intensity of ( )950 / .W Sq m  is sustained in the 
system. The PV panel voltage is slowly raised in the initial 
stage and then settles at 110 V . Also, the PV panel current 

 

Fig. 7. Characteristics of solar panel  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Characteristics of solar panel.

 

Fig. 8. Output waveforms of the TWMGB converter  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Output waveforms of the TWMGB converter.
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Fig. 9. Waveforms of power  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Waveforms of power.

 

Fig. 10. Behaviour of solar panel (Case 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Behaviour of solar panel (Case 2).

 

Fig. 11. Output waveforms of the TWMGB converter  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Output waveforms of the TWMGB converter.
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is arbitrarily altered initially and continued at 45 A  in the 
system.  

Fig. 14 presents the output waveforms of the TWMGB 
converter. The TWMGB converter’s output voltage with 
Walrus RBFFIS MPPT has initial changes and is maintained 
at 350 V  all over the system. The output current is randomly 
changed and sustained at 12 A  without distortions.   

The input and output waveforms of power are revealed 
in Fig. 15. The input power is slowly raised and settled at 
4500 W  throughout the system. Then, the output power 
is gradually raised and maintained at 4400 W  without 
oscillations.  

Fig. 16 represents the comparison of efficiency for 
single switch Buck-Boost (95.9%) [28], Coupled inductor 
based high step-up/down (91.9%) [29], Coupled inductor 

based Quadratic (91.4 %) [30], and the developed converter. 
Here, the developed converter has the maximum efficacy 
of 97.61%, demonstrating its improved ability in power 
conversion applications.   

Fig.17 shows an analysis of voltage gain for Quadratic 
Buck-Boost [31], Transformer-less Quadratic Buck-Boost 
[32], and the developed converter that attains higher gain than 
other approaches. The Quadratic Buck-Boost converter has 
a moderate gain that enhances non-linearity with improving 
duty cycles while the Quadratic Buck-Boost without 
Transformer has better performance than Quadratic Buck-
Boost converter.  The TWMGB converter is appropriate for 
PV applications where maximizing energy extraction under 
variable irradiance conditions is vital.     

An analysis of voltage stress on the switches for Quadratic 

 

Fig. 12 Waveforms of power 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Waveforms of power.

 

Fig. 13. Waveform of solar panel (Case 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Waveform of solar panel (Case 3).
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Fig. 14. Output waveforms of the TWMGB converter  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Output waveforms of the TWMGB converter.

 

Fig. 15. Waveforms of power  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. Waveforms of power.

 

Fig. 16. Comparison of efficiency  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Comparison of efficiency.
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Buck-Boost [31], Transformerless Quadratic Buck-Boost 
[32], and the developed converter is revealed in Fig. 18. The 
TWMGB converter has bottommost voltage stress, denoting 
diminished stress on switch and improved reliability. On the 
other hand, the Quadratic Buck-Boost and Transformer less 
Quadratic Buck-Boost converter has maximum voltage stress 
at higher duty cycles. Thus, the developed converter is more 
effective and sustainable for long-term deployment in RES.  

The analysis of developed converter with for Quadratic 
Buck-Boost [31] and Transformer less Quadratic Buck-
Boost [32] converter interms of voltage stress on the 
diodes is indicated in Fig. 19. The Quadratic Buck-Boost 
and Transformer less Quadratic Buck-Boost converter has 
higher voltage stress on diode. The developed converter have 
lesser voltage stress on the diodes that improves component 
durability and thermal efficacy.      

 

Fig. 17. Analysis of voltage gain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Analysis of voltage gain.

 

Fig. 18. Analysis of voltage stress on the switches  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Analysis of voltage stress on the switches.
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An analysis of tracking efficiency for SA [33], CS [34], 
IPSO [35] and WOA-RBFFIS MPPT approach is represented 
in Fig. 20. Here, the WOA-RBFFIS MPPT approach has 
the better tracking efficiency of 99.95% than other MPPT 
approaches, denoting the reliability of the system is enriched.  

The convergence time of WOA-RBFFIS MPPT is 
compared with SA [33], CS [34], IPSO [35] approaches, as 
depicted in Table 2.  Thus, the WOA-RBFFIS MPPT has the 
lowest convergence time of 0.035s, indicating the dynamic 
efficacy is enhanced.  

4- Conclusion 
In this research, the PV system is integrated with high 

gain TWMGB converter and WOA based RBF-FIS MPPT 
controller. The Triple Winding Max Gain Boost converter 
efficiently enhances the PV voltage with maximum voltage 
gain and reduced component stress. Subsequently, the 
RBF-FIS MPPT assures accurate and quick tracking of the 
global maximum power point by dynamically tuning the 
parameters in response to real time environmental changes. 
Then, the exploitation of WOA enhances the learning 

 

Fig. 19. Analysis of voltage stress on the diodes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. Analysis of voltage stress on the diodes.

 

Fig. 20. Analysis of tracking efficiency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. Analysis of tracking efficiency.
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efficiency of the RBFFIS, leading to better decision making 
and minimal steady state error.  The coordinated operation 
among the converter and MPPT algorithm improves the 
dynamic response of system, diminishes oscillations and 
enhances efficacy. Simulation outcomes via the MATLAB/
Simulink software demonstrates the converter efficacy of 
97.61%, with enhanced voltage regulation, faster transient 
performance and enhanced tracking accuracy under changing 
temperature and irradiance conditions. Furthermore, the 
converter offers minimal ripple and diminished switching 
losses, contributing to longer component lifespan and overall 
system reliability. This combined method assures maximum 
power extraction, effective voltage regulation and optimized 
energy delivery to the load. The system proves a robust and 
intelligent solution for next-generation PV applications, 
comprising standalone systems, DC microgrids and electric 
vehicle charging stations.   
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