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Abstract - As the demand for renewable energy sources continues to rise, Photovoltaic (PV) systems have gained significant
attention as a sustainable solution for electricity generation. To maximize the efficiency and power output of standalone PV
systems, effective Maximum Power Point Tracking (MPPT) technigues and efficient DC-DC converters are essential components.
This study presents a comprehensive performance evaluation of three DC-DC converters, namely boost, Cuk, and a switched
inductor DC-DC (SIDC) converters integrated with an Adaptive Neuro-Fuzzy Inference System (ANFIS) based MPPT control
strategy for standalone PV systems. The primary objective of this research is to assess the efficiency, reliability, and overall
performance of these converters under varying environmental conditions. The boost converter, known for its simplicity and
widespread use, is compared with the Cuk converter, recognized for its inherent voltage inversion capability, and the innovative
SIDC converter, which offers unique advantages in terms of reduced switching losses and enhanced voltage step-up capabilities.
The integration of ANFIS-based MPPT control is a key aspect of this study, which aims to dynamically track the maximum power
point of the PV array, further improving the overall system performance. The results of this study provide valuable insights into
the performance characteristics of these converters and their suitability for standalone PV systems. Factors such as efficiency
stability are analyzed, enabling system designers and researchers to make informed decisions regarding converter selection and
control strategies for specific PV applications.

Keywords - Switched inductor DC-DC converter, ANFIS, Renewable energy, Cuk converter, Boost converter, Sustainability,

Converter selection.

1. Introduction

Growing awareness of climate change and its detrimental
impacts on the planet has led to a heightened focus on
reducing greenhouse gas emissions. Renewable energy
sources, such as solar, wind, hydroelectric, and geothermal
power, produce minimal or no greenhouse gas emissions
during electricity generation, making them a crucial
component of efforts to mitigate climate change [1]. Many
countries are seeking to reduce their dependence on fossil
fuels, which are often imported and subject to price volatility
and geopolitical conflicts. By investing in domestic renewable
energy sources, nations can enhance their energy security and
reduce their vulnerability to energy supply disruptions [2].
The increasing global demand for renewable energy sources
reflects a global shift towards cleaner, more sustainable
energy options in an effort to combat climate change, enhance
energy security, and drive economic growth. As the world
seeks to reduce its reliance on fossil fuels and combat climate
change, renewable energy sources like solar power have
gained prominence. PV systems play a vital role in this

transition by harnessing sunlight to generate electricity
without producing greenhouse gas emissions [3]. Over the
past few decades, the cost of PV technology has declined
significantly. This cost reduction has made solar power more
accessible and economically viable, making it an attractive
option for both residential and commercial applications. PV
systems provide an opportunity for individuals, businesses,
and even entire regions to reduce their dependence on
traditional grid-based electricity. By generating their own
power, users can achieve a degree of energy independence and
resilience against power outages [4]. PV systems are
particularly valuable in remote or off-grid areas where
extending traditional power infrastructure is expensive or
impractical. Solar installations can provide electricity to
communities, schools, and healthcare facilities that previously
had limited access to power. Standalone Photovoltaic (PV)
systems, often referred to as off-grid solar systems, have
immense potential for remote and off-grid applications,
playing a crucial role in providing clean and sustainable
energy in areas without access to traditional power grids.
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Standalone PV systems enable communities and individuals
to generate their electricity independently, reducing their
reliance on fossil fuels and centralized power grids. This
energy independence enhances resilience and security,
especially in remote areas [5]. PV systems generate electricity
by harnessing sunlight, making them an environmentally
friendly energy source. They produce no greenhouse gas
emissions, helping combat climate change and reducing the
carbon footprint of off-grid communities. Standalone PV
systems can also play a crucial role in disaster-prone areas,
providing a reliable source of energy for emergency response
efforts, including medical facilities, communication systems,
and disaster relief centers.

DC-DC converters play a crucial role in standalone
photovoltaic (PV) systems by efficiently regulating and
transforming voltage levels between PV panels and various
system components, including loads and energy storage
elements such as batteries. PV panels generate DC electricity
at a specific voltage level, which varies with factors like
sunlight intensity and temperature. The output voltage of PV
panels is often not well-matched to the requirements of the
load or the energy storage system. DC-DC converters can
adjust the voltage levels to match the specific needs of the
connected components. DC-DC converters can implement
Maximum Power Point Tracking (MPPT) algorithms to
constantly monitor the MPP and adjust the voltage and current
to extract the maximum possible energy from the PV panels.
This optimization ensures that the system operates at its
highest efficiency, maximizing energy harvest [7]. In
standalone PV systems, energy storage is crucial to provide
power during periods of low sunlight or at night. DC-DC
converters are used to charge batteries efficiently. They
regulate the voltage and current supplied to the batteries to
ensure safe and optimal charging. Loads in standalone PV
systems often require specific voltage levels. DC-DC
converters can adapt the PV panel output to match the voltage
requirements of the connected loads. This ensures that
appliances and devices receive the correct voltage and operate
reliably [8]. DC-DC converters are essential components in
standalone PV systems, as they optimize energy generation,
storage, and usage by regulating and transforming voltage
levels. Their ability to match voltage requirements, maximize
energy harvest, and protect system components makes them
indispensable for reliable and efficient off-grid solar power
systems.

The power output of solar panels is highly dependent on
various factors, including the intensity and angle of sunlight,
temperature, and the electrical load connected to the panels.
MPPT is a technique used to optimize the operation of PV
systems to ensure they operate at their Maximum Power Point
(MPP) under varying environmental conditions. MPPT
controllers continuously track and adjust the operating point
of the PV panels to match the MPP. By doing so, they
maximize the efficiency of energy conversion, ensuring that
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the panels produce the most power possible given the
prevailing conditions. This leads to higher energy yields and
increased system efficiency [9]. Operating PV panels at their
MPP reduces stress and heat generation, which can extend the
lifespan of the panels. By preventing excessive current or
voltage, MPPT control contributes to the reliability and
durability of the PV system. Various Maximum Power Point
Tracking (MPPT) control algorithms such as Perturb and
Observe (P&O), Incremental Conductance (INC), Fractional
Short-Circuit Current (FSCC), Hill Climbing (HC), Model
Predictive Control (MPC), Artificial Neural Networks (ANN),
Fuzzy Logic Control, ANFIS, Particle Swarm Optimization
(PSO), Fractional Open-Circuit Voltage (FOCV), Variable
Step-Size P&O (VSP&O) have been developed to optimize
the efficiency of solar photovoltaic (PV) systems [10]. These
algorithms are essential for ensuring that a PV system operates
at its maximum power output under varying environmental
conditions. One promising approach among these algorithms
is the use of ANFIS. ANFIS is a hybrid intelligent system that
combines the adaptability of neural networks with the
interpretability of fuzzy logic. It has gained attention in the
field of MPPT for its ability to adapt to changing conditions
and provide accurate control. ANFIS-based MPPT algorithms
work by using a combination of fuzzy logic rules and neural
network learning to determine the optimal operating point of
the PV system.

This work deals with the design and performance
evaluation of Boost, Cuk and SIDC converters under steady
and varying climatic circumstances using an optimized
ANFIS MPPT control structure. In a PV system, the output
voltage of the solar panel may not match the voltage required
by the load or the energy storage system. The boost converter
can step up the voltage to match these requirements, allowing
efficient power transfer. Boost converters can operate over a
wide input voltage range, making them suitable for handling
variations in solar panel output due to changing weather
conditions or shading. This adaptability is vital in maintaining
system stability [11]. The Cuk converter is known for its
ability to perform both step-up and step-down voltage
conversions. This flexibility can be advantageous in
standalone PV systems where the output voltage of the solar
panel may vary significantly and needs to be adapted to match
the load or storage system requirements. The Cuk converter
can have reduced stress on components like capacitors and
inductors compared to some other converter topologies [12].

The SIDC converter has the potential for high efficiency
due to its unique operating principles. It is known for its
reduced switching losses and improved performance
compared to some other converter topologies. This can be
particularly valuable in standalone PV systems where
maximizing energy harvest and efficiency are serious issues.
The SIDC converter is configured to provide electrical
isolation between the input and output segments, which can
enhance safety and protect sensitive equipment in the PV
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system. The SIDC converter's operating principles lead to
reduced stress on components like inductors and capacitors.
This can contribute to improved reliability and durability of
the converter in a PV system, reducing maintenance and
replacement costs. Like other DC-DC converters mentioned
in this work, the SIDC converter is integrated into ANFIS
MPPT control to optimize the energy harvesting capability
and efficiency of the PV system.In this paper, the DC-DC
converters, namely, boost, Cuk and SIDC components, were
calculated by considering the specifications of a 1IKW isolated
PV system. The response of the PV system is analyzed for
stable and variable climatic conditions using ANFIS MPPT
control for the projected converters in terms of voltage gain,
mean efficiency, stability, settling time, peak overshoot and
overall performance. The isolated Direct Current (DC) load is
activated by employing three distinct DC-DC converters
(Boost, Cuk and SIDC), each of which is integrated with an
Acrtificial Intelligence (Al) based ANFIS MPPT tool as shown
in Figure 1.

2. Literature Review

A Two-stage Switched-Capacitor DC-DC power Boost
Converter has been introduced to increase the input voltage to
a higher level and decrease the voltage stress on the power
switch by parallel and serial configurations. Converter control
methods such as fuzzy logic and PI (Proportional-Integral) are
used to reduce the influence of external factors such as
mechanical vibrations of the system. The output voltage,
current and power of the converter are compared using fuzzy
logic and PI controllers. In this work, the input voltage is
directly varied (45V, 60V and 54V) instead of using PV
system configurations. Duty cycle (D) variations, efficiency
and voltage gain are observed. It is evidenced that the
efficiency of the converter is unstable during changes in input
voltages [13]. A DC-DC hoost and Cuk converters are used to
analyze the stability of the PV system during changes in
irradiance and temperature. This analysis is carried out using
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the MATLAB/SIMULINK platform. In this work, the
converter operation is controlled by P and O MPPT
controllers. It is evidenced that the output voltages of both
Boost and Cuk converters are oscillating at higher magnitudes,
as shown in simulation results [14]. An adaptive perturb and
observe (P&O)-fuzzy control MPPT for PV DC-DC boost
converter has been projected in this work because of its
simplicity and provides fast response. Performance
assessment is carried out using the MATLAB/SIMULINK
platform which covers overshoot, time response, oscillation
and stability. Also, these results are compared with
conventional P & O and conventional fuzzy logic. It is
evidenced that adaptive perturb and observe (P&O)-fuzzy
control response time of 15ms which is lower than other
methods compared. The overshoot voltage is 0.05 volts is
observed for adaptive perturb and observe (P&O)-fuzzy
control and conventional fuzzy logic, and this work concludes
that fuzzy is stable and adaptive perturb and observe (P&O)-
fuzzy control is more stable [15].

Overall, this literature review highlights the importance
of advancing control strategies for DC-DC converters in PV
systems. It indicates that conventional methods may not be
sufficient to address the challenges posed by varying input
conditions and environmental factors. As renewable energy
systems continue to play a crucial role in sustainable energy
generation, further research and development in control
algorithms are imperative to enhance the efficiency, stability,
and overall performance of PV systems.The methodology
includes the design and implementation of a projected
standalone PV system consisting of a 1IKW PV array, DC-DC
converters (Boost, Cuk, and SIDC), ANFIS-based MPPT
controller, and DC load. The ANFIS-based MPPT control
strategy is implemented and integrated with each DC-DC
converter. ANFIS is trained to predict the optimal operating
voltage and current for maximum power extraction, utilizing
historical data sets from the PV array.

Ppv

ANFIS MPPT controller
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> PWM generator
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CUK

SIDC
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Fig. 1 Graphical abstract of the projected system
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2.1. PV Array Configuration

A PV array represents the heart of any photovoltaic
installation, serving as the primary source of electrical power.
It is comprised of individual solar panels, each equipped with
semiconductor materials that convert solar radiation into
Direct Current (DC) electricity. The collective arrangement of
these panels in a PV array forms a robust and scalable energy
generation platform. The single diode equivalent circuit
represents a PV cell/module as an electrical circuit consisting
of a current source, a diode, a series resistor (Rs), and a shunt
resistor (Rsh) connected in parallel with the diode, as shown in
Figure 2.

®

Y ldiode

IRsh

Fig. 2 Electrical equivalent circuit of the solar array

2.2. Current-Photovoltaic Current (Ipn)

The photovoltaic current (Ipn) is the current generated by
the PV cell/module due to sunlight. It is determined by the
intensity of solar irradiance (G) and the cell/module’s area
(Acenr), as shown in Equation 1.

Iph = G X Acen X Is¢ )
Where:
Isc is the short-circuit current of the cell/module.

2.3. Current-Diode Current (ldiode)

The diode current (lgioge) represents the current
passing through the diode. It depends on the cell/module's
voltage (V), the diode ideality factor (n), the diode reverse
saturation current (lo), and the thermal voltage (V) as given
in Equation 2.

\%
Laioae = lo(exp exp (5) —1)

)
Where:

q is the charge of an electron, k is Boltzmann's constant,
T is the absolute temperature in Kelvin.

2.4. Current-Series Resistance (Irs)

The series resistance (Rs) represents the resistance in
series with the diode. It affects the overall performance and
reduces the maximum power output. It can be determined
from the voltage drop across it (Vrs) and the current (1), as
shown in Equation 3.

Vrs = I'* Ry 3
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2.5. Current-Shunt Resistance (Irsh)

The shunt resistance (Rsn) represents the resistance in
parallel with the diode. It is very high in good PV modules,
and thus, it does not significantly affect the performance. The
total current (1) in the circuit is the sum of the photovoltaic
current, diode current, and the series resistance current, as
given in Equation 4.

v
Rs

\'%

Rsh

(4)

The total current (I) = Ipp — Igiode —
Power output is calculated as the product of voltage and

current as given in equation 5
P=I1*V (5)

In this study, the most reliable monocrystalline silicon
(m-Si) solar cell-based 1IKW PV array is constructed in the
MATLAB/SIMULINK platform. The technical specifications
of one kilowatt PV array are given in Table 1.

Table 1. PV array specifications

Parameters Values

Open circuit voltage/cell 0.74V

Maximum voltage/cell 0.66V
Number of cells 60

Open circuit voltage /module 37.1V

Short circuit current/module 8.92A

Maximum voltage /module 29.9V

Maximum current/module 8.35A

Number of parallel strings 1

Number of series strings 4
Array Open circuit voltage 148.4V
Array Short circuit current 8.92A

Array Maximum voltage 119.6V

Array Maximum current 8.35A

Array Maximum power 998.66W

3. DC-DC Converters
3.1. Boost Converter Topology

The boost converter starts with a lower voltage input,
which is typically supplied by a 1IKW PV panel. The heart of
the boost converter is a switching element (MOSFET), which
is connected in series with the input voltage source. The
inductor (L) is connected in series with the switch, which
stores energy in its magnetic field when the switch is closed
(ON). In parallel to the load, there is a diode which allows
current to flow in one direction only, from the inductor to the
output. A DC-to-DC boost converter uses the principles of
energy storage and transfer to increase the input voltage to a
higher output voltage.

The DC-DC boost converter output voltage can be
calculated using the equation given below in reference [16],

Vin

out = 1)

(6)
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Fig. 3 Simulation diagram of DC-DC Boost converter

The required inductance value (L) for the DC-DC boost
converter is determined using the following equation given
below in reference [16],

__ Rp*D(1-D)?
- 2f

L (@)
The required output capacitance (C) for the DC-DC boost
converter is determined using the following equation given

below in reference [16],
Vout*D

 AVourrfeRy, ®

Where AV is the acceptable output voltage ripple, Vin
is the input voltage, Vou is the output voltage, D is the duty
cycle, R. is DC load resistance (RL), and f is the switching
frequency.

3.2. Cuk Converter Topology

@ 4 it I e—s = | (—o—+—/ [ \e
v i«
] 8 V)
! [
[ y -
1Y a Rl

Fig. 4 Simulation diagram of Cuk converter

Figure 4 shows the simulation model of the cuk converter.
The Cuk converter is a type of non-isolated topology which
can perform both voltage step-up (boost) and voltage step-
down (buck) operations. The inductors (L1 & L) play a crucial
role in energy storage and transfer. L, is typically used for
energy storage, while L, transfers energy to the load. The
capacitors (C1 & C,) are used for voltage smoothing and
energy transfer. During the switch-on state, energy from the
solar panel flows through Li and the switch to charge C.
During the switch-off state, the stored energy in Li is
transferred to L, and C,, which are connected to the load. The
voltage across Ci is opposite in polarity to the input voltage,
providing voltage inversion capability. The Cuk converter is a
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versatile DC-DC topology suitable for photovoltaic
applications due to its efficiency, ability to step up or step
down voltage, and relatively low output ripple. The average
voltage of the cuk converter when it is operated in a
continuous mode of operation is calculated using reference
[17] as given below.

Vout _
Vin (1-D)

= voltage transfer ratio

©)

The inductors (Al 1 = Al by considering 10% of loy for
smoother response) and capacitors values (AVC; and (AVC;
are calculated by considering 1% of V) of the cuk converter
will be calculated using reference [17] as given below,

_ (Vin*D)

1= i (10)

= e <11>

1= G 12
C2 = Gt 3

3.3. Switched Inductor DC-DC Converter Topology

The projected SIDC converter is planned to report the
unique challenges faced by standalone PV systems, such as
varying solar irradiance levels and load fluctuations. The key
components of this converter include the two inductors (L1 &
L), two switches (M1 & M), the input voltage source (Vin),
two input capacitors (C1 & Cy), the output capacitor (Cour),
seven diodes and the output load (R.) which work in tandem
to provide efficient power conversion and regulation. Figure 4
shows the simulation model of the SIDC converter.

Fig 5. Simulation diagram of SIDC converter

During Mode 1, both switches M1 and M in the converter
are in the ON state. Diodes D1, D2, and Dy are forward-biased
due to the polarity of the inductors and the input voltage
source Vin. Inductors L; and L, are connected in parallel,
allowing them to charge simultaneously. Energy is transferred
to the inductors from the input voltage source, the energy
stored in capacitor C, (VC4), and the energy stored in capacitor
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Cz (VCy). This energy transfer results in an increase in the
current flowing through the inductors. Since L; and L, are
connected in parallel and have the same voltage source, which
is denoted as VL, and VL, the load connected to the converter
is powered by a combination of the input voltage, the voltage
across C1 (VCy), the voltage across C2 (VCy).

During Mode 2, both switches M1 and M in the converter
are in the OFF state. As a result, the diodes D1, D,, and Do
become reverse-biased and do not conduct current. In contrast,
diodes D3, D4, Ds, and Dg are forward-biased and allow current
to flow through them. This voltage represents the energy
stored in the inductors and is an important aspect of the
converter's operation. In Mode 2, both inductors L, and L, are
connected in series with each other. The series configuration
causes them to cooperate in discharging their stored energy.
The energy stored in the inductors is dissipated into capacitors
C; and C; equally during this mode. Capacitors C; and C; act
as energy storage devices and absorb the energy previously
stored in the inductors. During this period, the load is supplied
by the energy stored in the capacitor Coyu. Capacitor Coyt S€rves
as the primary source of power to the load in Mode 2. The
circuit components of all three converters are designed using
reference [16] [17] [18], as shown in Table 2.

The average voltage of the SIDC converter when it is
operated in a continuous mode of operation is calculated using
reference [18] as given below.

Vout _ 3-D
Vin  (1-3D)

= voltage transfer ratio (14)

The Ry is calculated using the Poy, and Vou is given as,

_ Vout®
R, = —ut
Pout

(15)

The voltage across the capacitor (C1) can be calculated as,

Ve, (16)

(&

1-3D
Switching frequency of 100 kHz has been chosen. Now,

the inductor and its current values can be calculated as given

below in reference to [A. Al-Hmouz., et al., 2012],

L= psf=1, =L, 17)
L
_ 1 Vout2 _ D+Voyut
I = 14D “Wip*Ry, Ry, ) (18)

The output capacitance (Cou) is determined by the desired
voltage ripple (AVou is calculated by considering 1% of Vou)
and the load current (lou). Let us consider a reasonable value
for AVout = 2.2V (l% of Vout),

I _ Pout
out =
Vout

(19)

21

I +lou
C, = (B D+ f (20)
— (Lout
C2 = (AVCZ) D« f (1)
Iout*(1—D
Cout = ﬁ (22)
Table 2. Converter’s component values
Components | Boost Cuk SIDC
13.90 _
L 356mH | 1 eLy) | 19-08HH(LI=LY)
Cou 0.207F 0.225F
C. 2.87uF 9.44pF
C, 0.00105pF 101.13uF
RL 48.4Q

4. Anfis Architecture & Modelling

ANFIS is a hybrid computational model that combines
elements of fuzzy logic and neural networks. It is primarily
used for modeling complex, nonlinear relationships between
input and output data. ANFIS is a type of fuzzy inference
system that adjusts its parameters through a learning process,
making it capable of adapting to various types of data. The
architecture of an ANFIS model typically consists of several
layers [18] as follows.

4.1. Input Layer

The input layer in an ANFIS is the first component of the
architecture and serves as the interface between the input data
(G & T) and the ANFIS model.

Its primary function is to receive the input variables or
features and pass them on to the subsequent layers for further
processing.

4.2. Fuzzification Layer

In the fuzzification layer, each input value is mapped to
its degree of membership in the fuzzy sets using fuzzy
membership functions. The degree of membership (u) for an
input (x;) in a fuzzy set (Aj) is calculated using the
corresponding membership function (usually Gaussian); the
equation for the Gaussian membership function is given as,

)2
n(Ay) = exp (-9 (23)
4.3. Rule Layer

The ruling layer combines the fuzzy membership values
from the fuzzification layer to calculate the firing strength of
each rule. If you have "m" rules, you will have "m" firing
strengths (w1, Wy, ..., Wm) for each rule, which can be
computed using an aggregation operator (usually minimum),
which is given as

w; = (A1) X u(A2;) X .......u(An;) (24)
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4.4. Consequent Layer

The consequent layer represents the consequences of each
rule. It consists of single-layer neural networks with
parameters that need to be learned. For a regression task, the
output of each node in the consequent layer (yi) can be
calculated as a weighted sum of the firing strengths (w;) with
adjustable parameters (8;), which is given as,

yi = 00; + 01; X x; + B2, X X, + . @0n; X X, (25)

4.5. Output Layer

The output layer combines the outputs from the
consequent layer, typically by taking their weighted sum or

Layer 1

Layer 2

Layer 3

applying a specific aggregation method. For a single-output
ANFIS, it is often a simple sum which is given as,

E(YiXwj)
Ewj

output = [26]

4.6. Learning Algorithm

ANFIS uses a learning algorithm to adjust its parameters
(6i) to minimize a predefined error or loss function. This is
typically done using gradient descent or other optimization
techniques. The specific equations for parameter updates
depend on the chosen optimization method.

Fig. 6 ANFIS architecture

ANFIS combines the advantages of two Artificial
Intelligence techniques (FLC and ANN) into a single model.
An ANFIS works by implementing Artificial Neural Network
learning methods to tune the parameters of a Fuzzy Inference
System (FIS), and the architecture of ANFIS is given in Figure
6 [18]. This MPPT control system includes the combination
of two input data sets (G and T) and output data (Pmax). These
data sets are loaded into the Neuro-fuzzy designer in
MATLAB tool, as shown in Figure 7. When using the ANFIS
(Adaptive Neuro-Fuzzy Inference System) tool in MATLAB,
it is mandated to define the structure and configuration of FIS
(Fuzzy Inference System) appropriately. This choice is crucial
for achieving accurate MPPT control for the projected
photovoltaic system. A 7x7 Membership Functions (MFs)
configuration has been implemented in this system, which
allows for a more detailed and fine-grained representation of
the input variables. This can capture refined shades in the data
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and potentially result in more accurate modeling. Triangular
MFs are selected, and it is easy to understand. They have a
clear interpretation and are defined by three parameters,
namely, the leftmost point, the peak, and the rightmost point.
This simplicity makes it easier to design and interpret fuzzy
rules for FIS.

Training Data (000)

Output

data set index

@
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Index
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Fig. 7 (a) Input training data, (b) RMSE, (c) Output training data

In this model, nodes refer to computational units or
neurons within the neural network part of the system, as
shown in Figure 8. Linear parameters play a role in the
weighted aggregation of fuzzy rule outputs to make a final
prediction. The non-linear parameters are typically linked to
MFs and determine their shapes and characteristics. The sum
of the linear and nonlinear parameters is 91, which represents
the overall number of adjustable parameters in the projected
ANFIS model. Fuzzy rules are the core of the FIS within
ANFIS. Each rule consists of antecedent conditions (if-
conditions) and consequent actions (then-actions). These rules
describe how input variables are combined to produce output
predictions. The presence of 49 fuzzy rules indicates that the
projected ANFIS model uses a relatively complex set of rules
to capture system behavior. A low RMSE value (0.0132885)
indicates that the ANFIS model has achieved a good fit for the
training data. It means that the model's predictions are close to
the actual training data values. Detailed information about the
projected ANFIS model is given in Table 3.

Table 3. ANFIS training information

Sl. No Projected ANFIS training data

1 Number of nodes 131

2 Number of linear parameters 49

3 Number of nonlinear parameters 42

4 Total number of parameters 91

5 Number of training data pairs 1000

6 Number of fuzzy rules 49

7 Minimal training RMSE 0.0132885
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5. Results and Discussion

An exhaustive examination of the performance
characteristics of the Boost, Cuk and SIDC converters under
diverse operating conditions such as STC, variable G & T and
at variable load has been carried out using the SIMULINK
model. An evaluation of the efficacy of the ANFIS MPPT
control strategy in enhancing the energy harvesting
capabilities of each converter was studied within the
environmental scenarios. A comprehensive comparative
analysis is conducted to identify the most effective
combination of converter type with the projected ANFIS
MPPT control across the spectrum of operating conditions.
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Fig. 8 Architecture of projected ANFIS model
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Fig. 9 Simulated PV voltage and power at STC using SIDC, Cuk and
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Figure 9 shows the detailed representation of the V,y and
Ppv characteristics at STC, while Figure 9a shows an enhanced
view of the same data. For the SIDC converter-based PV
system, the Vpv is measured at 120.4V with a minor variation
of 0.10V. The rise time (t) is observed as 12.38ms, and the
settling time (ts) was 8.94ms. Notably, this converter exhibited
minimal overshoot (0.12%), and no undershoot, which proves
its precise and stable performance. In the case of the Cuk
converter, the PV voltage is slightly lower at 120.2V with a
variation of 0.20V. The rise time was 13.93ms, and the settling
time was 18.65ms. This converter demonstrated a noticeable
overshoot of 1.65% and an undershoot of 5.73%, which proves
that there is some transient instability in its performance. The
boost converter resulted in a further reduction of PV voltage
at 119.5V with a larger variation of 1.50V. Its rise time was
14.00ms, and the settling time was 24.91ms. The boost
converter exhibited the highest overshoot among the three
converters at 3.84%, and a substantial undershoot of 11.12%,
indicating less stability and a more pronounced transient
response, as shown in Table 4. The dynamic variation of
temperature and irradiance are simulated by the pre-
deterministic method, which is shown in Figure 10.

Table 4. Simulation analysis of PV parameters at STC

Converter| Vpv |[AVpy| tr ts |Overshoot|Undershoot
type | (v) | (v) [(ms)[(ms)| (%) (%)
SIDC [120.4{0.10|12.38| 8.94 0.12 0
Cuk ]120.2/0.20(13.93|18.65| 1.65 5.73
boost [119.5/1.50/14.00{24.91| 3.84 11.12
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Figure 11 shows the detailed representation of the Vpy
characteristics using SIDC, Cuk and boost converters with
ANFIS MPPT controller for variable temperature and
irradiances, as shown in Figure 10. Table 5 presents the results
of simulation analysis of PV parameters under varying solar
irradiance and temperature conditions for the SIDC, Cuk, and
boost converters. The Vyy remained stable at 120V with a
minimal variation of 0.10V. At variable climatic conditions, t;
increased significantly to 93.21ms and the ts extended to
180ms. There was a slight increase in both overshoot (0.12%)
and undershoot (0.05%), which suggests a stable response
even under changes with worst and best environmental
conditions. The Cuk converter showed a lower PV voltage of
117.5V with a variation of 0.12V as G and T varied. The rise
time is 122.33ms, and the settling time is observed as 193ms.
This converter exhibited a greater overshoot of 3.14% and an
undershot of 2.87%, which indicates some transient response
challenges under variable conditions. The boost converter
resulted in the lowest PV voltage at 115V with a substantial
variation of 1.23V. The rise time was significantly higher at
258.04ms, and the settling time was 398ms. Under variable
conditions, this converter showed a notable overshoot of
8.13% and a substantial undershoot of 21.43% which shows a
significant instability in its performance under changing
environmental factors. Figure 12 shows the output power of
all three converters at variable environment aspects, which
suggests that the Pp, SIDC converter is better than other
converters' output power because of the SIDC converter’s
stable V,y obtained.

Table 5. Simulation analysis of PV parameters at variable G & T

Converter| Vpv |[AVpy| tr ts |Overshoot|Undershoot
type | (V) | (v) | (ms) [(ms)] (%) (%)
SIDC | 1200.10{93.21|180| 0.12 0.05
Cuk |117.5/0.12|122.33/193| 3.14 2.87
boost | 115 |1.23|258.04|398| 8.13 21.43
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Fig. 12 Simulated Converters output power at variable Gand T

Table 6. Efficiency analysis

Converter Ic (%) at ¢ (%) at I)c (%) at
type STC variable G&T|variable load
SIDC 99.7 99.2 99.4
Cuk 97.4 96.5 97.1
boost 94.6 93.8 93.5
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The SIDC converter has the highest efficiency at STC
(keeping load, G & T as constant values) with an impressive
99.7%, as shown in Table 6. The Cuk converter is the second
most efficient at 97.4%. The boost converter has the lowest
efficiency at STC, with 94.6%. The SIDC converter maintains
the highest efficiency of 99.2% for random variations of G and
T, as shown in Figure 10. The Cuk converter experiences a
slight drop in efficiency but remains the second most efficient
at 96.5%. The boost converter's efficiency drops the most
significantly to 93.8%. The SIDC converter again leads with
the highest efficiency of 99.4%, even under variable loads.
The Cuk converter is slightly less efficient than SIDC at
variable loads (97.1%). The boost converter operates for the
least efficiency overall but shows a slight improvement in
efficiency at variable loads (93.5%). The SIDC converter
consistently proves the highest efficiency among the three
converters under all conditions. It is particularly significant for
maintaining high efficiency even when subjected to variations
in voltage, temperature, and load.This study yields an ironic
dataset that allows for a detailed examination of the
performance of these converters and the influence of ANFIS
MPPT control. The outcomes of this research are not only
pertinent to the advancement of renewable energy systems but
also offer valuable insights for researchers, engineers, and
practitioners seeking to make informed decisions regarding
converter selection and control strategies for their PV
applications. These findings provide valuable insights into the
behavior and performance characteristics of these converters
in a PV system under STC and variable environment aspects,
which can be instrumental for engineers and researchers in
selecting the most suitable converter for specific applications.

6. Conclusion

In this comprehensive research study, we conducted an
exhaustive analysis of the performance characteristics of
SIDC, Cuk and boost converters under various operating
conditions, which include STC, variable solar irradiance and
temperature, and variable load scenarios. Also, we evaluated
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contributes to the understanding of converter performance in
photovoltaic systems and underscores the importance of
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