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Abstract

This paper suggests a novel photovoltaic (PV) power tracking

model to address the limitations of maximum power point tracking

(MPPT) to fully utilise renewable resources like solar energy. The

model is based on the quantum swarm algorithm (QSA), which is

enhanced by the fuzzy logic (FL) algorithm to speed up optimisation

and ensure optimisation accuracy, along with the conductivity

incremental method, which is enhanced by the variable step-size

algorithm to guarantee convergence of the algorithm. The purpose of

simulation experiments is to validate the model’s viability. According

to the experimental findings, the upgraded genetic gene algorithm

discovered the maximum electric power point at 2,034 W, while the

improved quantum swarm method found the greatest electric power

point at 2,920 W. The tracking speed was increased by 21.95%

compared to the simulation results (SR) of the original conductivity

incremental technique, which were 0.41 s and 0.32 s, respectively.

The light intensity was increased from 200 W/m2 to 400 W/m2.

The SR are 0.46 s and 0.38 s, respectively, and the tracking speed

is enhanced by 17.39%. The average output power of the PV arrays

is 41.52 W and 39.86 W, respectively. The tracking rate can be

increased by 15% to 25% using the enhanced conductivity increment

approach. It is clear that this study method has enhanced and

ensured the tracking speed and accuracy of the maximum power

of PV power generation, which has the practical value of energy

conservation and maximising the use of solar energy resources.
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1. Introduction

Maximum power point tracking (MPPT) technology for
PV power generation is significantly enhanced using
quantum swarm algorithm (QSA), which is superior to
particle swarm algorithm. The particle swarm optimisation
technique QSA, which is based on quantum computation,
has the drawbacks of being simple to fall into local
optimisation and having a sluggish process for searching for
optimisations. Since then, the fuzzy logic (FL) algorithm
has been introduced. The FL algorithm will transform
the input fuzzy data into fuzzified and defuzzified data,
and then produce fuzzy data. The algorithm can address
the issues of local optimisation and slow QSA algorithm
rate since it is quick and compatible. The variable step
algorithm works in conjunction with the conductance
increment method (CIM) to directly and continuously
regulate the duty cycle. The variable step algorithm is
a widely used algorithm for photovoltaic (PV) power
tracking technology. It finds the maximum power point
(MPP) by varying the solar cell’s output voltage, but
it also has a slow convergence rate. Based on the
foregoing, an improved PV power tracking model with
QSA and CIM is proposed to increase tracking rate,
guarantee algorithmic optimisation accuracy, and enable
simple adjustment of converter duty cycle to achieve high
efficiency and accuracy of the MPPT to achieve full
utilisation of solar resources. The basic structure of the
study paper is as follows: The history and relevance of
the study on PV power tracking are presented in the first
section; the second section discusses the innovation and
challenge of this research and describes how to improve
and optimise QSA and CIM as well as the optimisation
process of the associated algorithm model; the third
section designs a simulation experiment and evaluates and
verifies the model’s viability and applicability based on the
experiment.
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2. Related Works

Solar energy, a novel form of energy, is the finest option
for energy conservation in the modern world to rationalise
and utilise energy to the fullest extent possible. To employ
PV cells as efficiently as possible, or to acquire the
greatest power for use in current technology, experts have
presented solutions. PV cells are frequently used devices
to convert solar energy into electrical energy. Dagal et al.
researched a particle swarm optimisation-based enhanced
Salp swarm method for optimising a PV system’s MPPT.
The PV Solarex-MSX-60 PV solar panel is used with
the Salp swarm method for particle swarm optimisation
and is chosen based on the parameters of the suggested
algorithm taking voltage [1]. Partial shading was cited
by Mao L as a serious flaw in the design of the current
MPPT controllers. He suggested using the new slime mould
optimise (SMO) and improved Salp swarm algorithm
(ISSA) MPPT controllers to track GMPP for various
PV array layouts. Dyad-based learning and local search
algorithms (LSA) are used by ISSA to maximise the search
space’s exploration [2]. To eliminate the computational
overhead and drift impact, the Manoharan team suggested
a straightforward and improved P&O MPPT technique.
The effectiveness of the suggested method is evaluated
using a typical boost converter, and the direct duty cycle
technique is used to confirm its efficacy [3]. Muhammad
Ali in light of the dramatic improvement in PV efficiency,
a robust improved perturb and observe MPPT method is
developed. The small-step search zone is reduced to 15%
of the whole PV operating region by the proposed tracking
method, which reduces the need for lengthy small-step
iterations [4].

A new MPPT technique is proposed by Xu et al.
to address the issue that the conventional incremental
conductance (INC) algorithm has a low response speed
under fast changes in solar radiation level or load resistance
because of its fixed step size [5]. A quick, effective, linear
incremental conductance (IC) approach was put out by
Siddique et al. to track the MPP of a grid-connected PV
array. Switches are fewer in number for the best power
generation. A thorough design of the PV converter system
is integrated with the analysis of several MPPT approaches
[6]. For PV systems, Mishra et al. suggested an auto-tuned
IC MPPT algorithm. In terms of MPPT perturbation
frequency and step size in response to changes in PV
voltage, the proposed MPPT algorithm is intrinsically
adaptive [7]. A new automated design of PV MPPT
based on robust sliding mode control using an automated
programmable logic controller was proposed by Ouberri
(PLC) software. By continuously monitoring the MPP
and greatly reducing oscillations, the goal is to maintain
maximum PV system performance while overcoming the
limitations typically associated with conventional MPPT
algorithms when employing automated PLCs [8].

In summary, for the MPPT problem, it is divided into
two improvement directions, particle swarm algorithm to
find the optimal as well as CIM. Scholars mostly improve
the step size and optimise the correlation coefficient of
CIM, and a few of them adopt particle swarm optimisation

Figure 1. Schematic diagram of the utility of the
photovoltaic principle.

algorithm for algorithmic optimisation. However, the
algorithm improvement in two aspects is not deep enough,
and there are few researches on improving the accuracy of
MPPT technology by combining the two algorithms. The
QSA, which outperforms the particle swarm algorithm,
and the CIM, which has a better step size, are combined
to create a new type of PV power tracking model in this
study.

3. Tracking Model for Photovoltaic Power
Generation Based on Improved QSA and CIM

A novel PV power tracking model is proposed by fusing the
enhanced QSA with CIM to guarantee the tracking rate
and accuracy of the MPPT points of PV power generation
and to facilitate easy modification of the duty cycle when
the light changes.

3.1 Characteristics of the PV Cells and Point
Tracking Technology for Power Generation

The conversion of light energy into electricity is a major
characteristic of PV cells, the sunlight will be irradiated
to the PV panel, the PV panel will be collected a small
amount of photons, in the semiconductor surface of the
panel to produce the electronic empty pair of holes, for
the PV principle [9]. The separation of electron-hole pairs
occurs through the action of an electric field, causing the
holes to move towards the P -terminal and the electrons
to move towards the N -terminal. This creates a potential
difference, which in turn creates an electric current. The
utility of the PV principle is illustrated in Fig. 1.

The principle of PV cells can be shown mathematically,
and the equivalent circuits of PV cells are most typically
single diode and double diode circuits [10]. Which carries
out the most stable and accurate results of the PV effect.
Figure 2 depicts the equivalent circuit of the double diode
used in this investigation.

According to Kirchhoff’s current effect, the output side
of the circuit voltage is obtained as in (1).

I = Ipv − Id1 − Id2 −
(
V + IRs

Rp

)
(1)
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Figure 2. Dual diode equivalent model for photovoltaic
cells.

Where Id1 is calculated as in (2). I = − (Id1 + Id2 − Ipv)−
(

V +IRS

Rp

)
Id1 = I02

[
exp

(
V +IRS

a2VT2

)
− 1
] (2)

To maintain a certain level of accuracy, but to
reduce the amount of computation involved, the model is
simplified somewhat as in (3).

I = IPV − IO
[
exp

(
U + (NS/NP ) IRS

aNSVT

)
− 1

]

−
U +

(
NS

NP

)
IRS(

NS

NP

)
RP

(3)

In (3) IPV represents the output voltage value, I
represents the output current value, RP represents the
parallel resistor resistance of the equivalent parallel circuit,
RS represents the series resistor resistance, NS represents
the number of parallel modules, IPV represents the current
generated by the photogenerated circuit,NP represents the
number of series modules, a represents the ideal factor, and
a represents the saturation current in the reverse direction.
The relevant calculations for IPV and a are shown in (4).

IPV = NP (Ki∆T + Isc STC) S
SSTC

IO = NP (Ki∆T + Isc STC)

//exp
(

NS(Uoc STC+KV ∆T )
aNSUT

)
− 1

(4)

In (4), at an ambient temperature of 25◦, at an
effective light irradiance of S = 1000W/m2 on the PV
panel, Isc STC denotes the short-circuit current, Uoc STC

denotes the open-circuit voltage, KV and Ki represent the
voltage temperature coefficient, the current temperature
coefficient, and SSTC represents the standard irradiance
with a value of 1000W/m2.

A system based on solar energy generation is known
as a PV power generation system. In which a number of
internal and external elements in the battery as well as
the external environment will have an impact on how the
battery is used [11]. The point tracking technology will
be accomplished by differentiating the pertinent external
environment factors, at which point the maximum electric

Figure 3. Characteristic curves of current voltage and
electric power voltage related to photovoltaic system.

power will result in a significant difference, producing a
MPPT technology concept.

As shown in Fig. 3, the characteristic curves of current–
voltage and electric power–voltage associated with the PV
array are presented [12]. When the PV array’s radiation is
stable, a load line can be introduced; the current–voltage
curve that intersects the load curve represents the PV
array’s output current and voltage. The maximum output
voltage and current occur when the internal resistance of
the PV system and the corresponding load impedance are
equal. This is when the highest power is produced.

A converter known as a DC-DC converter is used
to maintain the PV system’s maximum power [13]. The
maximum power of the PV system is effectively displayed
by the duty cycle property of this converter. In other words,
good duty cycle control enables one to understand that the
PV system’s maximum power is attained when the voltage
and current curves cross.

The PV panel’s solar light signal can be transformed by
the DC-DC converter into an electrical signal that is output
to the load. Equation (5) illustrates the computations
necessary to determine the DC-DC converter’s input
voltage and current based on these values.Uin = Uout

M(d)

Iin = M (d)× Iout

(5)

In (5) M (d) represents the voltage conversion ratio
and d represents the duty cycle parameter. The upper
equation in (5) is divided by the following equation to
obtain (6).

Rin =
Uin

Iin
=

Uout/M (d)

M (d)× Iout

=
1

M (d)
2 ×

Uout

Iout
=

Rout

M (d)
2 (6)

In (6), Rin represents the converter input resistance
and Rout represents the converter output resistance.
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Equation (6) is equivalent to (7).

RPV =
Rload

M (d)
2 (7)

In (7), the equivalent resistance of the PV array is
represented by RPV, which also denotes Rin in (6), and
Rload represents the load resistance, which is equivalent to
Rout in (6). The range of operating point slopes associated
with the load is calculated as in (8).

tan θ =
1

PPV
=
M (d)

2

Rload
(8)

Equation (8) demonstrates how the voltage conversion
ratio in the MPPT system is connected to the operating
point of the load. When the conversion ratio of the voltage
is higher, the higher the value of tan θ, the higher the slope
of the load line and the higher the operating point [14], [15].

3.2 Fusion of Improved QSA and CIM for
Tracking Model Design

One of the optimisation algorithms for particle swarms
and a variant based on the particle swarm optimisation
algorithm is QSA, which incorporates the concept of
quantum computing into the particle swarm optimisation
algorithm to improve the convergence performance of the
particle swarm optimisation algorithm [16]. The core idea
is to represent the particle positions in the particle swarm
optimisation algorithm as quantum states and use the idea
of quantum computation to update the particle positions,
so as to improve the convergence performance of the
particle swarm optimisation algorithm. However, there is
still a disadvantage in QSA for global optimisation but the
algorithm is very slow, this research combines the concept
of FL, which is not able to perform global optimisation but
the algorithm is fast and compatible and does not reduce
the accuracy of the optimisation.

The PV system’s voltage and current values are first
input into the fuzzy controller for fuzzification, and then, in
accordance with the characteristics, the affiliation function
is chosen, the pertinent fuzzy rule table is set up, the
defuzzification operation is carried out, and the duty cycle
of the output response is used as the optimal value [17], [18].
Utilising the Zadeh representation as in (9), the voltage
and current received from the PV system are fuzzified.

P =

n∑
pv=1

µp (Ipv · Upv) /Ipv · Upv (9)

Ipv in (9) represents the output current of the PV
array and Upv represents the output voltage. Then, the
rule table of fuzzy input and output is set, and the related
calculation is shown in (10).

∆PM = −P (k) + PM (k)

∆D = −D (k − 1) +D (k)

∆P = −P (k − 1) + P (k)

∆I = −I (k − 1) + I (k)

(10)

In (10), ∆P stands for the variation in the PV array’s
output power, ∆I for the variation in output current, and
∆PM for the variation in the collection’s maximum and
current power points. Positive big, positive small, negative
large, and negative small are the fuzzier words for ∆P and
∆I. Positive big and positive small are the two types of
fuzzy terms found in the fuzzy terms of ∆D, while positive
large, positive medium, and positive small are all found in
the fuzzy terms of ∆PM . Negative large, negative medium,
and negative small are all present in the fuzzy terms of
BBB. 32 FL rules are the result.

According to the corresponding fuzzy rules, the
affiliation function needs to be set, and the same triangular
affiliation function is used for the fuzzy subsets of the
input quantities ∆I, ∆P, and ∆PM ; and the triangular
affiliation function is used for the fuzzy subsets of the
output quantity ∆D [19]. Next, defuzzification is required,
and the resulting output object is the duty cycle ∆D, and
the related calculation is shown in (11).

∆D =

∑n
i µ (Di)Di∑
µ (Di)

(11)

∆D in (11), which is a collection of discrete numerical
values that allows for tracking the MPP by varying the
duty cycle. The defuzzification method can be chosen as
the discrete domain solution of the centre method. The
final output is the amount of change in the optimal duty
cycle.

The duty cycle is correlated with the operational
voltage in the PV system to build the FL in conjunction
with QSA. The output of the PV system via the fuzzy FL
device, can obtain the optimal duty cycle of the amount
of change, i.e., the amount of change in operating voltage,
and which the change in voltage of the existence of the
maximum and minimum values, in the interval can obtain
the corresponding MPP voltage, the pertinent algorithm
as (12). 

∆U = U0(1−∆D)

Umax = U0(1−∆Dmin)

Umin = U0(1−∆Dmax)

(12)

In (12), ∆U represents the optimal duty cycle variation
amount, Umin and Umax represent the minimum and
maximum voltage, respectively, and U0 represents the
current measured voltage of the PV array. The maximum
power can be found by selecting N quanta between the
variation amount [0, Uoc], the initial voltage is set to U1 =
0.7Uoc, U2 = 0.7Uoc + 0.01Uoc = 0.71Uoc, ..., Un = 0.8Uoc,
and the optimisation is performed between the maximum
and the minimum voltage. The related optimisation process
is shown in Fig. 4.

Variable step size CIM must be used to adjust the
DC-DC converter’s duty cycle to maximise power point
tracking [20]. The variable step-size algorithm is capable of
continuously adjusting the duty cycle, is simple to operate,
and is the traditional classical algorithm for MPPT
technology. The standard variable step-size technique is
used to distinguish between the power and voltage ratio
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Figure 4. Quantum swarm optimisation combined with fuzzy logic algorithm to optimise the process.

of the PV cell. The outcome is easily influenced by the
amount of light present outside, and it is challenging to
monitor the maximum power under conditions of extremely
unstable light. Equation (13), which depicts the PV cell’s
output characteristics.

dP

dU
=
d(UI)

dU
I + U

dI

dU
(13)

In (13) dP, dU represent the power and voltage of the
PV cell and dI represents the output current. Equation
(13) demonstrates that as a result of a change in light
intensity, a change in current will also have a significant
impact on the image of the power to voltage ratio of the
PV cell. To address this issue, (13)’s power and voltage
differentiation will be divided with the current after taking
the absolute value, as in (14).

S (k) =
1

I

∣∣∣∣dP

dU

∣∣∣∣ =

∣∣∣∣1 +
U

I

dI

dU

∣∣∣∣ (14)

In (14), U
I represents the instantaneous amount of

resistance and dI
dU represents the instantaneous increment

of conductance. During the process from 0 to maximum
power, the value of change in current is very small so that
dI
dU is nearly 0. As the voltage increases, dI

dU continues to

decrease and (U
I

dI
dU ) is close to 0 in the range, and with the

maximum power, the value of (U
I

dI
dU ) is equal to −1. The

calculations related to the maximum power operation are
shown in (15). dP

dU | MPP = I + U dI
dU = 0

U
I

dI
dU | MPP = −1

(15)

As the voltage reaches a certain level or even beyond
the MPP, the step adjustment factor will then dramatically
increase, therefore to assure the algorithm’s convergence,

Figure 5. Improved variable step conductance increment
technique flowchart.

the step adjustment factor is hereby adjusted as in (16).

D(k) = D(k − 1)± S(k)∆Dref (16)

In (16), S(k) represents the step adjustment coefficient,
D(k) represents the reference step value at the moment
of k, D(k − 1) represents the reference step value at the
moment of k − 1, and ∆Dref represents the perturbation
fixed step. After stipulation, the image change curve of the
step adjustment coefficient is shown in Fig. 5.

After combining with the improved variable step-
size algorithm, the change of the operating point, the
corresponding voltage and current changes are judged,
and the maintenance of the steady state is carried out in
accordance with the aforementioned improvements to the
CIM [21]. This improves the tracking speed and accuracy
of the algorithm and the efficiency of power tracking. The
flow chart for the enhanced variable step size CIM is shown
in Fig. 6.
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Figure 6. Flowchart of improved variable step conductance increment method.

Figure 7. Structural diagram of photovoltaic power
generation system.

4. Simulation Experiments of Photovoltaic Power
Generation Tracking Model Based on Improved
Algorithm

This research addresses the electric power tracking problem
of PV power generation, and proposes a new tracking model
by combining the improved QSA and CIM. The associated
simulation experiments are constructed to test the model’s
viability and practicability, and the experimental data is
then analysed to determine how well the model performed
in those tests.

4.1 Simulation Experimental Design

Simulation tests are carried out using MATLAB software to
more clearly demonstrate the viability of the PV tracking
approach presented in this work. The PV power generation
system’s structure is schematically depicted in Fig. 7. The
PV array, the DC-DC converter circuit and load, as well as
the MPPT controller, make up its four components. The
converter consists of five parts, such as switch, load, circuit,
capacitor, and inductor. The frequency of the switch is set
to 20 KHz.

To compare the tracking performance of the traditional
CIM and the improved variable step increment method
more intuitively and accurately, strong perturbation light

conditions are set up, and the light amplitude of the
experiment is increased from 400 W/m2 to 500 W/m2 at
the moment of 1 s irradiance, and from 500 W/m2 to 550
W/m2 at the moment of 2 s. A portion of the experiment
is set up as follows to compare the tracking performance
of the QSA before and after the upgrade. Part of the
experiment was set up so that the temperature was 25◦

under stable light, 1,000 W/m2 for series circuit 1 and 500
W/m2 for series circuit 2. Under unstable light, battery 1
had 1,000 W/m2 at 0–0.15 s, 375 W/m2 at 0.15–0.25 s, and
375 W/m2 at 0.25–0.30 s, the battery power is 650 W/m2.
Battery 2 has a battery power of 900 W/m2 at 0–0.15 s,
550 W/m2 at 0.15–0.25 s and 350 W/m2 at 0.25–0.30 s.

4.2 Statistical and Econometric Analyses of
Experimental Results

The experiment obtained sufficient and credible data
information. As shown in Fig. 8, in the experiment, the
amplitude of light is directly increased from 200 W/m2 to
400 W/m2 at the moment of 1 s, and the simulation results
(SR) of the traditional conductivity increment algorithm
and the improved conductivity increment algorithm of
this research are 0.41 s and 0.32 s, respectively, which is
an improvement of 21.95% in tracking speed. The direct
increase from 400 W/m2 to 600 W/m2 at the moment of
2 s, the SR of the traditional algorithm and the algorithm
of this research are 0.46 s, 0.38 s, respectively, and the
tracking speed is improved by 17.39%, and the output
power of the PV arrays averages 41.52 W and 39.86 W.

The SR of this research algorithm under the micro-
turbulent environmental conditions are shown in Fig. 9.
The SR can be compared with the strong perturbation
condition in Fig. 8. In the two jumps to light amplitude,
the average output power of the PV array is 25.16 W and
26.01 W, and the tracking time is reduced from 0.22 s to
0.17 s and from 0.09 s to 0.06 s, and the tracking rate is
improved by 22.73% and 33.33%.

According to Table 1, which summarises the changes
in tracking times for each magnitude of lighting conditions,
the improved CIM with altered step size of this study
has the capacity to increase the tracking rate ranging
from 15%–25% compared to the traditional CIM, from 400
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Figure 8. Comparison of SR between traditional algorithms and this research algorithm under strong disturbances: (a)
changes in electrical duty cycle; (b) changes in power; (c) voltages changes; and (d) current changes.

Figure 9. SR of the research algorithm under micro disturbances: (a) electrical power changes; (b) current changes; (c)
changes in voltage; and (d) changes in duty cycle.

W/m2 to 500 W/m2, with the traditional algorithm taking
0.22 s and the algorithm of this study taking 0.17 s, which
is an increase in efficiency of 22.73%. From 500 W/m2 to
550 W/m2, the traditional algorithm takes 0.09 s, and the
research algorithm takes 0.06 s, with an efficiency increase
of 33.33%. As can be seen, our study algorithm not only
addresses the issue of inaccurately estimating irradiance
change but also enhances the effectiveness of measuring
the maximum power and lowers the time expenditure for
system operation.

The electrical power output curves of the quantum
swarm optimisation algorithm are depicted in Fig. 10
before and after the enhancement. With the change of
environment, the maximum electric power of the improved
QSA is 2,920 W, and the maximum electric power of the
pre-improved QSA is 2,604 W. It can be seen that, after the
improvement of the FL algorithm, although the number of
oscillations of the quantum swarm optimisation algorithm
has become more frequent, the tracking accuracy is still at
a very high level, and it has considerable stability.
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Table 1
Summary of Tracking Time Change Under Each Irradiance

Serial
number

Irradiance
(kW/m2)

Traditional
algorithm time (s)

The research
algorithm took (s)

Efficiency
improvement

1 0.2–0.4 0.41 0.32 21.95%

2 0.4–0.6 0.46 0.38 17.39%

3 0.3–0.4 0.19 0.15 21.05%

4 0.4–0.5 0.22 0.17 22.73%

5 0.5–0.55 0.09 0.06 33.33%

Figure 10. Comparison of quantum swarm optimisation algorithm tracking electric power performance before and after
improvement under environmental changes: (a) comparison of tracking performance of quantum swarm optimisation algorithms
before and after improvement under stable illumination and (b) comparison of tracking performance of quantum swarm
optimisation algorithms before and after improvement under unstable lighting conditions.

To further verify the advantages of the proposed
algorithm, the study will use Dagal’s improved Salp
swarm optimisation algorithm based on particle swarm
optimisation as a comparative algorithm, which is also
used to optimise the MPPT point of PV systems. It
will be set as the “Comparison algorithm”. As shown
in Fig. 11, the output power curves of improved QSA,
improved genetic algorithm, and comparative algorithms
are studied for tracking performance comparison. From
Fig. 11, it can be seen that the maximum electrical power
of the improved quantum swarm optimisation algorithm is
2,920 W, the maximum electrical power of the improved
genetic algorithm is 2,034 W, and the maximum electrical
power of the comparative algorithm is 2,716 W. From this,
it can be seen that although the comparison algorithm can
also achieve high power, the convergence power achieved
is still lower than the improved quantum group algorithm
proposed in the study. The optimisation of QSA by
FL algorithm reduces the number of iterations, makes
the optimisation more accurate, and can obtain a more
excellent maximum electrical power optimisation.

5. Conclusion

With the goal to track the MPP of the PV cell and
maximise PV cell utilisation, this study recommends
a special PV power tracking model based on the PV
maximum electric power tracking point technique. The
FL algorithm is used to optimise the model for QSA,

Figure 11. Output power curves of improved quantum
swarm algorithm, comparative algorithm, and improved
genetic algorithm.

and the traditional CIM is enhanced by adopting an
improved variable step size algorithm. The accuracy and
tracking rate of the maximum power of PV cells grow as a
result of the algorithm’s convergence and rate increasing.
To confirm the model’s viability, simulation studies are
now conducted. The experiments showed that the pre-
improved QSA yielded a maximum electrical power of
1,893 W, while the genetic algorithm yielded a maximum
electrical power of 2,034 W, an improvement of 12.13%
and 7.45%, respectively. The maximum electrical output
of the enhanced QSA is 2,920 W, as opposed to the
pre-improved QSA’s 2,604 W maximum, as compared
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to the improved genetic algorithm. The improved CIM
has the ability to increase the tracking rate by 15% to
25% in contrast to the conventional CIM when exposed
to considerable changes in the environment. As can be
observed, the combined tracking accuracy and tracking rate
of the PV power tracking model using the two upgraded
algorithms is exceptional. The stability of the algorithm
is still insufficient for the constant voltage algorithm, and
the oscillatory nature of the algorithm still needs to be
improved over a wide range of numbers, to name a few
flaws in this study.
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