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This research aims to enhance the efficiency of photovoltaic systems by proposing two
innovative methods for maximum power point tracking (MPPT). We used the beluga whale
optimization (BWO) algorithm, so we can adjust the gain of the PI controller. Volatility
around MPP and failure accuracy under rapidly changing isolation are among the known
drawbacks of traditional MPPT algorithms. To overcome these drawbacks, we proposed a
theory that combines Perturb and Observe (P&O) with BWO, based on the controller of
proportional integration (PI) and fractional order proportional integration (FOPI). The study
compares the new techniques with existing traditional algorithms such as P&O and IC in
terms of their efficiency, complexity and ease of implementation. Simulation tests
conducted using Matlab indicate that the proposed hybrid FOPI-BWO method achieves an
average tracking efficiency of about 97.05% and a voltage gain of 2.348, in the PI-BWO
method it achieves an efficiency of 96.12% and a voltage gain of 2.322, and the IC-MPPT
theory achieves an efficiency of 95.5% and a voltage gain of 2.261. , while the P&O-MPPT
theory achieved an efficiency of 94.02% and a voltage gain of 2.241.1t is clear that the two
proposed algorithms perform better than traditional algorithms in terms of energy

overshoot, ripple, and response time.

1. INTRODUCTION

Efforts have been focused on the use of renewable energy
due to recent technological advancements, rising
environmental pollution, and global warming. Wind and solar
power are the most significant. Researchers are mainly
interested in renewable energy systems to make maximum use
of the energy produced from the sun, and since solar panels
generate continuous voltage, the most important problems that
occur are the low level of voltage and the fluctuation of the
output voltage [1]. Researchers began developing systems to
extract as much energy as possible from renewable energy
sources, especially from photovoltaic cells. Mechanical
systems that drive the photovoltaic cells have been developed
so that they receive the greatest amount of solar radiation, to
achieve maximum power. Creating a photovoltaic system for
grid-connected applications includes the following five basic
elements: 1) A solar-powered photovoltaic array that produces
electricity, 2) DC-DC converter, which transforms low DC
voltages generated by solar cells into high DC voltage, 3) DC-
ac inverter, which transforms high DC voltage into single or
three phase AC voltage, 4) An AC filter that absorbs the
voltage/current harmonics produced by the inverter, and 5) a
digital controller that manages the converter's operation and
can track the maximum power point MPPT [2]. The main
technical requirements for the development of a practical PV
system include a) Perfect control that can extract maximum
output power from the photovoltaic cells under all operating
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conditions and weather, b) A high performance-to-cost ratio to
facilitate the commercialization of developed PV technologies.
Developing a photovoltaic cell system that can meet these
technical requirements is technically challenging because
photovoltaic cells have a very non-linear property, meaning
that their performance changes with operating conditions such
as ambient temperature or insolation [2]. The operating
conditions in these systems determine how well the
photovoltaic system performs. Subsequently, taking into
account the efficiency of the photovoltaic constant, the
maximum power extracted from the photovoltaic cells is
highly dependent on three factors: insolation, cell temperature
(ambient temperature), and load profile (load resistance) [3].
Another sort of tracer known as maximum power point
tracking (MPPT) moves the operational photovoltaic voltage,
or current. In order to sweep the PV power with this tracker.
There are now a lot of maximum power point tracking designs
and algorithms accessible in the literature. Every technique has
its own restrictions, requirements, and uses. It is important to
note that the maximum power point tracking is a tool utilized for
a variety of renewable energy sources, including fuel cells and
thermoelectric devices, in addition to solar cells [4]. A wide
range of maximum power point tracking algorithms have been
proposed in the past. The Perturb and Observation method,
also known as the P&O method, is one of the frequently used
algorithms. Other methods include the Constant voltage
method, the Incremental conduction method, and the DC
method. Using this method, the photovoltaic array's voltage or
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current is tuned to reach the maximum power point (MPP). For
instance, when the voltage keeps rising, the power also rises
[5]. This paper reviews two innovative technologies for
tracking peak power points of PV systems: BWO-PI with P&O
MPPT and BWO-FOPI with P&O MPPT.

Here, we detail how previous researchers have kept tabs on
the maximum power point. In Calvinho et al. [6] prevent
steady-state oscillations, this article details a method for
MPPT monitoring that employs a particle swarm optimization
(PSO) algorithm with a tunable step size. As a result, the
efficiency loss caused by partial shading of a PV system will
be reduced. The solar panels' output is increased using a DC-
DC boost converter. The PSO algorithm was modeled after the
natural behavior of birds flocking together In Amara et al. [7]
explain how a maximum power point tracking (ANFIS-MPPT)
algorithm coupled with a proportional-integral (P1) controller
can be used to optimize the performance of a photovoltaic
panel system in variable environmental conditions. In this
research, Matlab/Simulink was used to introduce and develop
the mathematical concepts of the ANFIS method. The
effectiveness of this ANFIS-MPPT method is demonstrated by
contrasting the results with those obtained using a more
traditional (Perturb & Observe) P&O-MPPT strategy. Results
also demonstrate that the ANFIS-MPPT command
outperforms the P & O-MPPT command across various
irradiance conditions, demonstrating acceptable dynamic
operations, faster convergence, and less variation of a working
point close to MPP. Mahdi et al. [8] track the maximum power
point of PV modules, this study will compare the efficacy of
conventional Perturb and Observe (P&O) methods with those
of soft computing methods (fuzzy Logic and adaptive neuro-
fuzzy inference system) (MPPT). To model and simulate the
MPPT system, an MSX-64 PV module and a boost DC-DC
converter were used. The ANFIS controller showed
responsiveness to weather fluctuations. Abderrahim et al. [9]
have developed two new intelligent maximum power point
tracking (MPPT) techniques for solar photovoltaic (PV)
systems are lacking. Optimizing the duty cycle of the PWM
driving the DC/DC optimization converter, we used two
optimization algorithms: whale optimization algorithm (WOA)
and grey wolf optimization (GWO) to successfully adjust the
gain of the PID controller. In the simulation results section, we
can clearly see that the two proposed algorithms perform better
than traditional algorithms in terms of energy overshoot, ripple,
and response time.

2. RESEARCH TECHNIQUE

To meet the full power delivery of the load and increase the
output voltage of the photovoltaic (PV) system, maximum
power point tracking, or MPPT, is used in the system as shown
in Figure 1. Photovoltaic power generation systems are
becoming more and more popular due to their numerous
benefits, which include virtually no pollution, no fuel costs,
low maintenance, and no noise emission [10]. In this paper, we
propose to use adaptive pi and P&O MPPT to control an ultra-
thin positive-output Luo inverter, which features low output
voltage ripple and high efficiency, as a way to implement an
off-grid PV system for remote areas. When using MPPT
control, it can operate with a gain many times greater than the
input voltage at a very low duty cycle.

Photovoltaic DC/DC DC/AC House Utility
Arra Converter Inverter __

MPPT Inverter
Control Control

Figure 1. Block diagram of photovoltaic power system [3]
2.1 Topology of PV model

Using one or more solar panels—photovoltaic panels are
primarily composed of solar cells—a photovoltaic device
transforms solar energy into electrical energy. Relying on the
required voltage and current, the solar cells are connected in
series or parallel. Figure 2 depicts a circuit diagram of the PV
model. Connecting the solar cells in series increases the panel's
voltage, while placing them in parallel increases its current

value [11].
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Figure 2. PV model circuit [12]

The P-V and I-V characteristics of the PV system are
nonlinear. The two main variables affecting a photovoltaic
device's performance are temperature and intensity of
irradiation. Variations in temperature and radiation level are
reflected in the voltage and current produced by the
photovoltaic device. The nominal operating conditions of the
solar module are 25°C temperature and 1000 W/m? (G=1)
irradiation; The P-V and I-V characteristics of a PV cell are
shown in Figure 3 [10]. When [=0, a cell's maximum voltage
is known as the open-circuit voltage (VOC), and when V=0,
the current that is part of a short circuit is known as the short-
circuit current (ISC). The Maximum Power Point (MPP) is the
single point during service when the PV cell generates its
maximum power. I, V;, and P,, on the graph stand for the
solar cell's maximum current, maximum voltage, and
maximum power, respectively. The output current of an ideal
cell expressed mathematically [13, 14] is:

I'=1Ipy —Iq (1)

Pm

Power

Power (W)

Maximum power
point

CURRENT (A)

Voltage (V)

Figure 3. I-V and P-V characteristics of solar cell [15]



The Shockley equation is represented by I4, the model's
shunt resistance is represented by R, and the light-generated
current, which is proportional to solar irradiation, is
represented by I,,,. Solar irradiation and the solar cell's work
temperature, which is expressed in degrees Celsius, are the
main factors influencing the light produced by the cell.

Ipy = [Isc + K(T, = TR)]. G (2)

The cell's short-circuit current at (25°C) and (G=1) is
represented by (I,.), its temperature coefficient for the short-
circuit current is KI, and its reference and working
temperatures are Tr and Tc, respectively. Here is the Shockley
equation:

I; =1 {exp (#) - 1} (3)
I'=1lpy =1 —1Ip 4)
L=t = Iofew (o) - )= )

The solar cells must be connected in a series-parallel
configuration in order to produce the necessary output power.
With (Ns) being the number of modules connected in sequence
and (Np) being the number of modules connected in parallel,
and q representing the electron charge [1.60 < 10'° C] and k
denoting the Boltzmann constant [1.38 % 10-23J/K], we have
the following generalized PV array mathematical equation:

I=IpN, IN{ ( d +1Rse) 1} 6
= lpylNp = IslNp€XD AKTcNs N, (6)
T3 qE; (1 1

N T

=l (3) er |2 (5 ™

where, (I.5) is a cell's reverse saturation current at a reference
temperature and solar radiation, and (Eg) is the
semiconductor's bandgap energy. At 25°C, (Eg) for

polycrystalline Si is approximately 1.12 eV [14-16]. The
reverse saturation current (1) of a cell can be computed using
the Eq. (8).

ISC

IRS =
9 yo)- ®)
exp (AKTC mNs V") 1

To maintain constant outputs under load conditions, DC-DC
converters employ a variety of switching control techniques.
It needs high efficiency, low ripple, and steady voltage. Along
with adjusting the voltage up or down based on the load
circumstances. The department of oversight's practical role in
this. Numerous control circuits are present. Everyone has
benefits, drawbacks, and unique applications [17]. PV systems
use DC-DC step-up converters to boost and regulate the
voltage produced by the PV modules. The POSLC is
composed of one switch (S), one inductor (L), capacitors
(C2&Co), and two diodes. The POSL) circuit architecture is
shown in Section 3.1 along with its modelling Eq. (9) (on-state)
and Eq. (10) (off-state) for output voltage gain display [18]:

Vin = VL = Vcl = L Ai/dt 9)
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Ai =VL(1—-D)T/L=Vo—2Vin(1-D)T/L  (10)

- Vo 2-D
" Vin 1-D

(11)

2.2 Perturb and Observe (P&O)

Because of its straightforward design and ease of
implementation, the perturbation and monitoring algorithm is
one of the most widely used techniques for maximum power
point monitoring. When the PV array's current or operating
voltage is altered, P&O technology regulates the PV array's
performance and disturbance (increase or decrease) [19]. As
demonstrated in Figure 4, the P&O algorithm is a hill-climbing
technique that locates the peak of the power curve upon
activation of the electrical array. There are just two detectors
used in P&O technology. It works by disturbing (changing) the
operating point of the solar panel and monitoring the resulting
change in power output. The algorithm then adjusts the
operating point to move towards the Maximum Power Point
(MPP). This technology calculates power using photoelectric
current and voltage sensing, modifies the voltage, and then
monitors the impact of the generated power. The system
oscillates in order to lessen oscillation after reaching the
maximum power point. Reduce the step size of the disturbance.
The shift in the function cycle is the largest step if the
operating point is far from the MPP [20].
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Figure 4. P&O method [20]
2.3 Incremental Conductance (INC)

The tracking algorithm in the INC approach tracks MPP
based on the slope of the PV module characteristic curve.
When the slope is 0, the operational point is at the MPP, a
positive slope places it to the left of the MPP, while a negative
slope places it to the right of the MPP [21]. The work of the
IC algorithm can be illustrated in Figure 5. The IC algorithm
monitors the current and voltage of the PV panel using sensors.
Through the sensors can know the maximum operating point
[22].

dPidV =0
dPldV >0 /Ez::F dPIdV <0
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5 Jc
3 B
Fla A
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Figure 5. Incremental conductance [22]



2.4 Adaptive proportional integral (PI) with P&O

The adaptive Pl control algorithm is a feedback control
strategy widely used in engineering applications. It adjusts
proportional and integral gains based on system dynamics,
ensuring optimal performance under different conditions.
Unlike a fixed PI controller, the adaptive version dynamically
adjusts its parameters in response to changes in the system,
making it suitable for applications with different operating
conditions or parameters. Adaptive PI control is known for its
ability to maintain stability and optimal performance in the
face of uncertainties, parameter variations, or disturbances
[23]. The adaptive nature of the PI controller complements the
inherent simplicity of the P&O algorithm. By integrating the
two, the control system can harness the adaptability of the PI
controller to mitigate P&O constraints, such as oscillations
around the MPP. BWO chosen because it provides an
optimization framework that can tune the parameters of both
the adaptive PI controller and the P&O algorithm, attempting
to achieve an optimal balance between adaptability and
efficiency. The combination of adaptive Pl and P&O with
beluga optimization may provide an adaptable solution
suitable for a variety of solar energy system scenarios,
adapting to changes in environmental conditions while
improving energy extraction [23, 24]. Figure 6 shows a
MATLAB simulation of P&O MPPT with PI controller.

PWM

dPldy

P & O condition
-]
12 Mg

)
—F = ‘Q S IO oy R Y,

(2 r
] Pl Conrole
[

(a) P&O MPPT with PI controller
i PID 1dof (mask) (link)

|
| This block implements continuous- and discrete-time PID control algorithms and includes advanced fea

| windup, external reset, and signal tracking. You can tune the PID gains automatically using the ‘Tune..
i Simulink Control Design).

| Controller: PI ~| Form: Parallel

Time domain: Discrete-time settings

O Continuous-time

i Sample time (-1 for inherited): -1
O Discrete-time

v Compensator formula
P+Il
s

Main  Initialization
Controller parameters

Output Saturation ~ Data Types  State Attributes

Source: |internal

Proportional (P): 8.1

Integral (I): 0.1554

(b) Setting for PI controller

Figure 6. MATLAB simulation

3. PROPOSED DESIGN METHOD

The system was tested using MATLAB/Simulink.
Simulations show performance. Efficiency of the P&O MPPT
with FOPI controller compared to the P&O MPPT with PI
controller, P&O MPPT and IC MPPT. In Figure 7, the main
design of the system is shown with the main parameters of the
system.
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A

)
(a) Design for all system
Input 1 = Sun irradiance, in W/m2, and input 2 = Cell temperature, in deg.C.

| Parameters =~ Advanced

Array data

Parallel strings 2

Serfes-connected modules per string 4

Module data
Module: 'User-defined i

Maximum Power (W) 540.696

Cells per module (Ncell) 110

Open circuit voltage Voc (V) 37.5

Short-circuit current Isc (A) 18.41

Voltage at maximum power point Vmp (V) 31.2

Current at maximum power point Imp (A) 17.33

Temperature coefficient of Voc (%/deg.C) -0.25

| Temperature coefficient of Isc (%/deg.C) 0.04
I

(b) Sitting for solar cell
Figure 7. MATLAB/Simulink
3.1 Positive Output Super Lift Luo Converter (POSLC)

Luo Super Positive Converters are one of the best DC/DC
converters due to their many advantages. The Luo ultra-thin
transformer has a high voltage step-up ratio, geometric
progression and a MOSFET switch connected in the low-side
position. As is known, the performance of all DC-DC
converters depends on cutting the input voltage through an
electronic switch. The switch operates in on and off states.
When on, diode D1 is forward biased and diode Do is reverse
biased. The inductor (L) and capacitor (Co) store energy in
parallel, and the inductor and capacitor voltages are equal to
the input voltage. In the OFF state, diode D1 is reverse biased,
and diode Do is forward biased. Discharge power path of
inductor (L) and capacitor (Co) with series supply to the load.
Figure 8 shows MATLAB/Simulink design for Positive
Output Super Lift Luo Converter (POSLC) and Figure 9 shows
setting system design for Luo Converter.
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Figure 8. MATLAB/Simulink design for POSLC



E=l

Diode (mask) (link)

Implements a diode in parallel with a series RC snubber circuit.
In on-state the Diode model has an internal resistance (Ron)
and inductance (Lon).

For most applications the internal inductance should be set to
zero.
The Diode impedance is infinite in off-state mode.
Parameters

Resistance Ron (Ohms) :

0.001

Inductance Lon (H) :

o

Forward voltage Vf (V) :

0.8

Initial current Ic (A) :

Snubber resistance Rs (Ohms) :
500

Snubber capacitance Cs (F) :
250e-9

[] show measurement port

(a) Diode D1

[l

Diode (mask) (link)
Implements a diode in parallel with a series RC snubber circuit.
In on-state the Diode model has an internal resistance (Ron)
and inductance (Lon).
For most applications the internal inductance should be set to
zero.
The Diode Impedance Is Infinite In off-state mode.
Parameters

Resistance Ron (Ohms) :

0.001

Inductance Lon (H) :

[+]

Forward voltage Vf (V) :

0.8

Initial current Ic (A) :

0

Snubber resistance Rs (Ohms) :
500

Snubber capacitance Cs (F) :
250e-9

[) Show measurement port

(b) Diode Do
Mosfet (mask) (link)

MOSFET and internal diode in parallel with a series RC
snubber circuit. When a gate signal is applied the MOSFET
conducts and acts as a resistance (Ron) in both directions. If
the gate signal falls to zero when current is negative, current
is transferred to the antiparallel diode.

For most applications, Lon should be set to zero.
Parameters

FET resistance Ron (Ohms) :

0.1

Internal diode inductance Lon (H) :
0

Internal diode resistance Rd (Ohms) :
0.01

Internal diode forward voltage Vf (V) :
0

Initial current Ic (A) :

0

Snubber resistance Rs (Ohms) :
1e5

Snubber capacitance Cs (F) :
inf

(c) MOSFET
Figure 9. Setting system design for Luo Converter

The setting parameters of DC-DC link is 2000e-6 F, L2 is
0.1e-3 H, C2 is 10e-6 F, Co is 470e-6 F and in Figure 9, the
remaining parameters of the converter are set.

3.2 Adaptive P&O MPPT with FOPI

The adaptive Perturb and Observe (P&O) MPPT algorithm
with fractional order proportional-integral (FOPI) control is a
novel approach designed for optimizing the power output of
renewable energy systems, such as photovoltaic (PV) systems.
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This algorithm aims to enhance the conventional P&O method
by incorporating fractional order control techniques to
improve tracking accuracy and overall system performance.
The key innovation lies in the integration of fractional order
proportional-integral (FOPI) control within the MPPT
algorithm. Unlike traditional integer-order control, FOPI
introduces fractional exponents in proportional and integral
terms. This allows for more flexibility and adaptability in
controlling the system dynamics, providing advantages in
terms of response time, stability, and robustness. The
algorithm retains the basic P&O structure but modifies the
perturbation and observation strategies. FOPI control enables
a more nuanced adjustment of perturbation size, allowing the
algorithm to navigate the power-voltage curve with greater
precision, especially under dynamic environmental conditions.
In contrast to conventional P&O, the FOPI algorithm
dynamically adjusts the fractional order parameters based on
the system's operating conditions. This adaptability enhances
the algorithm's ability to handle varying environmental factors
and improves overall tracking efficiency. The fractional order
control enables finer adjustments to the operating point,
leading to improved accuracy in tracking the maximum power
point, even in the presence of partial shading or rapidly
changing irradiance. The adaptability of the FOPI control
contributes to faster response times, allowing the algorithm to
quickly adapt to changes in the power-voltage characteristics
of the renewable energy source. The fractional order control
enhances system stability by providing better damping
characteristics, reducing overshooting, and mitigating the
effects of noise in the system.

P & O condition

-

PWM

(a) Design of FOPI controller

Fractional PID (mask) (link)
Fractional PID with parameters Kp, Ki, Kd and extended
parameters lambda and delta:
PI~{lambda}D~{mu} = Kp + Ki*s”-{lambda} + Kd*s~{mu}
Parameters

Kp

8.1

Ki
00.14

lambda
1.2
Kd
T o

mu
0.0014

Frequency range [wb, wh]
[0.0001, 100]

Approximation order
5

(b) Setting of FPI controller
Figure 10. MATLAB/Simulink design of FOPI controller

Highlight improvements in terms of efficiency,
convergence speed, and robustness under different operating
conditions. Tuning fractional order proportional-integral
(FOPI) parameters using BWO is a strategy aimed at



optimizing the performance of control systems, particularly in
applications like adaptive control algorithms for renewable
energy systems. Here's a detailed description of the process.
The goal of tuning FOPI parameters using BWO is to find
optimal fractional order values for the proportional and
integral components that maximize the performance of the
control system. BWO, inspired by the behavior of beluga
whales in nature, to efficiently search the parameter space and
discover the best set of fractional-order parameters. The tuned
FOPI parameters obtained through BWO optimization result
in a control system with enhanced stability, faster response
times, and better tracking accuracy in Figure 10.

4. SIMULATION AND RESULT DESIGN

In order to interest all the power generated by the PV panel,
we must control the inverter with maximum power point
tracking point. We will compare traditional MPPT methods
with modified methods to extract the greatest power from PV
system for Irradiation 1000 (W/M?) and Temperature 25°C.

4.1 Result with P&O MPPT

From Figure 11, we get the current PV system is 33.7A,
voltage PV system is 126.5V and power PV system is 4300W.
By using eight solar cells with a total capacity of 4325 watts,
we find that this algorithm tracks the highest maximum power,
which is 4300, with constant radiation and temperature, but
this is not the power required in order to obtain higher
efficiency, and this algorithm shows relatively high overshoot
and ripple compared to the improved algorithm.

a0l

100

004 006 008 01 012 014 016 018 0 002z 004 006 008 01 012 014 016 0.18
Raady Sample based |T=5.000

Figure 11. P&O MPPT
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Figure 12. Output system for P&O MPPT

In Figure 12, we find that the average power output is
4043W, output voltage 280V, the output current is 14.3A, the
efficiency is 94.02%, and the gain voltage between input and
output is 2.24.

4.2 Result with IC MPPT
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Figure 13. IC MPPT

In Figure 13, we get the current PV system is 34A, voltage
PV system is 123.75V and power PV system is 4308W. The
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results of this algorithm are better than the P&O in terms of
power, ripple, and overshoot, as shown in Figure 13, and it
tracks the maximum power point better. In Figure 14, we find
that the average power output is 4114W, output voltage 285V,
the output current is 14.35A, the efficiency is 95.5%, and the
gain voltage between input and output is 2.261.
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Figure 14. Output system for IC MPPT
4.3 Result P&O MPPT with adaptive Pl
In Figure 15 we get the current PV system is 34.2A, voltage

PV system is 126.3V and power PV system is 4312W. By
adapting the P&O to the PI controller by adjusting its
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parameters with the beluga whale optimization algorithm, we
find that the efficiency is higher than the two traditional
theories because by integrating the two, the control system can
benefit from the adaptability of the PI controller to mitigate the
P&O constraints, such as oscillations around the MPP.
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Figure 15. P&O MPPT with PI

From Figure 16, we find that the efficiency is 96.12%, the
average power output is 4146W, output voltage 287V, the
output current is 14.4A and the gain voltage between input and
output is 2.322.
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4.4 Result P&O MPPT with adaptive FPI

In Figure 17 we get the current PV system is 35.09A,
voltage PV system is 123.5V and power PV system is 4315W.
By presenting the simulation or experimental results that show
the performance of the adaptive P&O MPPT with FOPI
compared to the adaptive P&O MPPT with PI algorithm, the
conventional P&O algorithm, and the conventional IC
algorithm, it is shown that the improved algorithm using the
FOPI is better in terms of efficiency and voltage gain because
it controls the fractional order of the proportional integral. It
improves system stability by providing better damping
properties, reducing overshoot, and mitigating noise effects in
the system. Efficiency is calculated by the average output
power divided by the power of the solar cells entering the Luo
converter, followed by MPPT algorithms. The voltage gain
was calculated through the ratio of the output voltage to the
input voltage of the transformer, calculated or followed by the
MPPT system.

From Figure 18, we find that the efficiency is 97.05%, the
average power output is 4188W, output voltage 290V, the
output current is 14.56A and the gain voltage between input
and output is 2.348. In Table 1 shows the simulation results
between traditional and improved algorithms in detail.
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Figure 17. P&O MPPT with FPI

Figure 19 shows the tracking process for the maximum
power output from solar cells. Figure 20 indicates the
comparison or difference between the energy waves produced
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by MPPT methods in terms of the value of the resulting power
in relation to the power coming out of the solar system, ripple,
and oscillation. We notice in Figure 20(a) that we obtain the
lowest ripple in power through the FOPI method or algorithm
adapted to the P&O, and this indicates the speed of accuracy
in tracking the maximum power point and improving the
fluctuations of the P&O algorithm. We point out that the
hybrid FOPI controller method is the best method compared
to the rest of the methods, as its efficiency reached 97.05%,
and this is considered a step forward. Good for tracking
maximum power points.
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Table 1. Table results of MPPT methods from MATLAB

Parameter P&O IC P&O with P&O with
Pl FP1
Temp °C 25 25 25 25
Irradiation 1000 1000 1000 1000
W/m?
PV VoltageV 1265 123.75 123.75 1235
PV Current A 33.7 34 34.2 35.09
PV Power W 4300 4308 4312 4315
Output voltage 282.2 287.15 288 290
\Y
Output current  14.31  14.35 14.42 14.56
A
Output power 4043 4114 4146 4188
W
Efficiency % 94.02 955 96.12 97.05
Gain 2241 2.261 2.322 2.348
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5. CONCLUSIONS

In conclusion, the adaptation of the FOPI algorithm to P&O
in solar cells, coupled with the optimization of FOPI
parameters using the BWO algorithm, represents a significant
advancement in the field of solar energy harvesting and control.
The synergy between FOPI and P&O provides a robust
framework for efficient MPPT, crucial for enhancing the
overall performance of solar photovoltaic systems. The
utilization of the BWO algorithm for fine-tuning the FOPI
parameters demonstrates the potential for harnessing the
power of nature-inspired optimization techniques to achieve
optimal control strategies. This hybrid approach not only
enhances the accuracy and speed of MPPT but also exhibits
resilience in dealing with dynamic and unpredictable
environmental conditions. The successful integration of FOPI
and BWO addresses some of the traditional challenges
associated with conventional MPPT methods, such as
sensitivity to parameter variations and oscillations around the
maximum power point. By adapting FOPI to P&O and
optimizing its parameters, the proposed algorithm offers
improved tracking efficiency and increased energy yield,
contributing to the overall viability and sustainability of solar
energy systems. In summary, the FOPI algorithm adapted to
P&O with parameter adjustment through the BWO algorithm
showcases a promising avenue for advancing MPPT
techniques in solar cells. Further research and practical
implementations are warranted to validate its performance
across different environmental conditions and to explore its
applicability in real-world solar energy systems. The
limitations of using adaptive fractional PI controller and an
MPPT algorithm will result in a slight increase in system
complexity and cost.

6. SUGGESTIONS

Improving design of DC-DC Luo converter using adaptive
PI MPPT and IC MPPT to keep power and voltage always
suitable to the user.

Future work in the field of adaptive PI MPPT and IC
MPPT for the DC-DC Luo converter should focus on
addressing specific challenges and exploring avenues that
have the potential to bring about tangible advancements in
solar energy systems. The expected outcomes of this future
work include not only advancements in the control strategies
for DC-DC Luo converters but also practical insights that can
be directly applied to enhance the performance and efficiency
of solar energy systems. Exploring these specific avenues will
contribute to the broader goals of improving renewable energy



harvesting technologies, making them more reliable, adaptive,
and suitable for a wide range of applications.
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NOMENCLATURE

oEMCAED

P

Ipy
Igs
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Maximum current

Maximum voltage

Maximum power

Gain

Photovoltaic current

Cell's reverse saturation current





