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Abstract: This paper designs two DC-DC converter configurations integrated with solar PV renew-
able energy resource. Its focuses on comparing two converter topologies: the conventional boost
converter and the switched capacitor boost converter. The Perturb and Observe (P&O), Incremental
Conductance (INC), Genetic Algorithm (GA), and Particle Swarm Optimization (PSO) algorithms
are employed to dynamically enhance the Maximum Power Point Tracking (MPPT) performance for
both converters. The simulation results demonstrate that both converter topologies, when integrated
with appropriate MPPT algorithms, can effectively harvest maximum power from the solar PV. How-
ever, the switched capacitor topology converter exhibits advantages in terms of current capabilities
and voltage performance. In addition, combing the switched capacitor boost converter with the
GA-MPPT algorithm improved the output voltage profile. The switched capacitor topology demon-
strates distinct advantages by exhibiting enhanced current control, enabling improved handling of
dynamic load changes and varying irradiance conditions. It shows voltage regulation, resulting in
reduced output voltage fluctuations and enhanced stability, thereby optimizing energy extraction.
The GA-MPPT simulation demonstrates a substantial increase in maximized output current for the
switched capacitor boost configuration (70 A) when compared to the conventional type (10 A). The
validation and implementation of the system models are carried out using MATLAB/Simulink.

Keywords: conventional boost converter; switched capacitor boost converter; PV solar; MPPT; P&O;
ING; PSO; GA

1. Introduction

DC-DC converters are of immense importance in residential, commercial, and indus-
trial applications. They play a vital role in voltage conversion, allowing seamless integration
of devices operating on different voltage levels [1,2]. By efficiently stepping up or stepping
down voltages, DC-DC converters optimize power supply efficiency and minimize energy
losses during transmission and distribution. They are essential components in renewable
energy systems, facilitating energy storage and conversion from sources including solar and
wind power [3-5]. DC-DC converters enable efficient power transfer between the battery
pack and various components, enhancing overall performance in electric vehicles [6]. In
industrial settings, they ensure stable power supply, support automation and data centers,
and contribute to power quality and stability [7]. Additionally, DC-DC converters enable
the miniaturization and portability of electronic devices while maintaining reliable power
supply [8]. Their versatile functionality and efficiency make them indispensable in modern
electrical systems, driving progress and effective energy utilization.
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Switched-Capacitor (SC) converters, a specialized category of Direct Current to Direct
Current (DC-DC) converters, are devised based on principles of charge conservation and
have the ability to function utilizing capacitors and switches [9,10]. The core mechanism
of these devices operates in a cyclic fashion, consisting of the drawing of charge from the
input voltage to the subsequent charging of a capacitor, and its eventual discharge to the
output. This cycle accomplishes a conversion from one direct current level to another,
enabling a seamless power transfer from the source to the destination [11,12]. SC converters
stand apart from inductive converters in their intrinsic operation without the need for
inductors [13].

Switched-capacitor converter topology provides a deeper insight into the intricate
design of these devices. It refers to the specific configuration and connection of capacitors
and switches in an SC converter, which can be adjusted and modified according to output
requirements and efficiency goal. The key topologies that are most prevalently used in the
industry include series, parallel, ladder, and Fibonacci configurations [14]. Furthermore,
the Boost Converter, a variant of the Switched-Mode Power Supply (SMPS), embodies a
design that employs a transistor and an inductor for the transfer of energy from the input to
the output. This device plays a significant role in amplifying or “boosting” input voltages
in order to attain higher output voltages, making it an essential tool in the field of power
electronics [15,16].

In the context of the operational mechanism of DC-DC converters, there are two
key phases: the “ON” phase and the “OFF” phase. The “ON” phase is characterized by
the storage of energy in the inductor while the transistor is activated, while during the
“OFF” phase, the energy stored is redirected to the load. To maintain control over the
output voltage, the duty cycle is responsible for managing the ratio of “ON” and “OFF”
times. Given these characteristics, Boost Converters have found extensive application in
various fields including electric vehicles, renewable energy systems, and power factor
correction [17-21]. The boost converter serves as a step-up DC to DC converter that
effectively converts an input voltage into a higher output voltage. This is accomplished by
the storage of energy in an inductor and then delivering it to the load via a capacitor.

Recent trends and advancements in boost converter technology revolve around the
enhancement of efficiency, downsizing of the devices, and addressing the issues linked to
electromagnetic interference (EMI). Some of these advancements include the introduction
of advanced control strategies and the incorporation of GaN (Gallium Nitride) devices in
the design of the boost converter, contributing significantly to improving efficiency and
reducing size [22].

Murtaza et al. [23] introduced an approach to enhance MPPT in PV arrays by employ-
ing a modified boost converter and a sliding mode control (SMC) voltage regulator. A
series capacitor-based boost converter is introduced, eliminating the need for a parallel
LC in circuit. It demonstrates enhanced high-frequency operation and voltage regulation
for SMC. The integration of a series capacitor introduces specific benefits that enhance the
converter’s performance and efficiency [24].

Fibonacci Switched Capacitor (SC) DC-DC Converters employ an innovative combi-
nation of switches and capacitors, making them distinct in the scope of power electron-
ics [25-27]. This unique design facilitates a wide spectrum of step-up or step-down voltage
conversion ratios, rendering them adaptable for various power supply requirements. They
achieve high precision voltage levels due to their design and operation, providing flexible
solutions for various power supply demands. On the other hand, the k-Fibonacci Switched-
Capacitor (SC) DC-DC converter design presents some limitations despite the advantages
it offers. The inherent complexity in the design and operation of the k-Fibonacci SC DC-DC
converter may pose challenges in manufacturing, maintenance, and error detection. In
addition, the practical applicability of this technology could be constrained by specific
application requirements and the necessity for rigorous real-world testing and validation,
potentially leading to additional cost and time expenditures [28]. As the field of power
electronics continues to evolve, new approaches and designs are constantly being explored
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and tested [29]. However, there remains a significant challenge in balancing the need for
efficiency, compactness, and high performance in various applications. SC converters and
boost converters have shown promising results in meeting these demands, but continuous
innovation and development are essential to fully harness their potential. The ongoing
research and advancements in these areas signify a promising future for DC-DC converters,
with much potential still to be unlocked. As the push for renewable energy continues, the
integration of SC converters, boost converters, and the likes of the Fibonacci SC DC-DC con-
verter with renewable energy sources such as solar and wind power can offer compelling
energy solutions. Integrated with renewable energy sources, these converters can aid in
efficient power conditioning and help reduce energy loss. They could also aid in managing
the intermittent and variable power output that is characteristic of many renewable sources,
thus making such sources more reliable and effective.

Various topologies, such as series, parallel, ladder, and Fibonacci configurations, can
be employed in SC converters to optimize output requirements and efficiency goals. Boost
converters are widely used in applications such as electric vehicles, renewable energy
systems, and power factor correction. Advancements in boost converter technology aim to
enhance efficiency, reduce size, and address electromagnetic interference issues. Fibonacci
SC DC-DC converters offer unique combinations of switches and capacitors, allowing for a
wide range of voltage conversion ratios and precise voltage levels.

The three-level resonant switched capacitor boost converter combines switched capac-
itor and resonant converter techniques, resulting in improved efficiency, high voltage gain,
and reduced component stress [12]. By achieving zero-voltage switching or zero-current
switching conditions, the converter reduces switching losses and dissipates less power,
leading to enhanced energy conversion efficiency. Additionally, its ability to efficiently
step-up voltage makes it suitable for applications requiring high output voltages. The
converter’s advantages make it particularly relevant for renewable energy systems, such
as solar photovoltaic systems, where it can maximize power extraction from low-voltage
sources and seamlessly integrate renewable energy into the grid. However, this converter’s
design complexity, control, and synchronization aspects, limited current handling, voltage
stress on capacitors, and potential efficiency trade-offs are important considerations. These
drawbacks can affect the practical implementation, performance, and cost-effectiveness
of the converter. Proper evaluation of these limitations and the application-specific re-
quirements is necessary to determine the feasibility and suitability of utilizing the op-
timization techniques can be employed to address these drawbacks and enhance the
converter’s performance.

Moreover, optimization algorithms and machine learning have significant potential
for optimizing the design and operation of DC-DC converters [30-33]. These advanced
techniques can be utilized to enhance converter efficiency, preempt, and prevent potential
failures, and manage power usage more effectively. The application of Al in the realm
of power electronics is a promising area of research and holds immense potential for
future developments.

In [34], the authors combined a PI controller a and genetic algorithm of the boost
converter to provide a comprehensive approach to assess and enhance wind turbine
performance in achieving higher power generation, better control, increased efficiency, or
other relevant performance metrics. A hybrid maximum power point tracking (MPPT)
method for PV systems under partial shading conditions was utilized. Particle Swarm
Optimization (PSO) and Differential Evaluation (DE) is proposed in [35]. The bat algorithm
(BA) is utilized in [36].

Diverse SC converter configurations offer adaptability, while advancements in boost
converters address efficiency and size concerns. The three-level resonant switched capacitor
boost converter, with its efficiency gains and applicability in renewable energy situations,
illustrates progress, and emerging optimization algorithms, such as genetic algorithms,
and Al hold promise for refining performance across various applications.
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The conventional MPPT methods face challenges in tracking the global peak and
achieving fast maximum power point (MPP) attainment [37]. To address these issues, the
proposed method offers a simple and rapid algorithm suitable for renewable
energy applications.

This paper proposes two DC-DC boost converter configurations, the conventional and
the switched capacitor integrated, along with various MPPT algorithms. The comparison
and evaluation of these boost converters, combined with different MPPT algorithms, aid
in selecting the most appropriate configuration and algorithm based on renewable energy
systems. It contributes to advancing efficient energy harvesting from renewable resources.
The proposed MPPT methods, which are PSO, GA, P&O, and INC, demonstrate accurate
tracking of maximum power and faster MPP attainment; in addition, its simplicity and
the rapid execution of the algorithm further enhance its practicality for solar PV systems.
Overall, the simulation results presented in this paper have considerable implications of
MPPT techniques in PV systems. Furthermore, the proposed boost configuration provides
valuable guidance for system designers aiming to optimize energy harvesting efficiency.

2. Materials and Methods
2.1. Switched Capacitor Boost Converter Based on Fibonacci

Fibonacci Sequence Switched Capacitor converter (FSSC). Figure 1 displays the
schematic diagram of a Fibonacci sequence SC converter. It entails 10 switches (tran-
sistor, 3 capacitors, and output capacitors). Switches are used to turn ON and turn OFF the
converter that functions in several switching states with suitable gains [38]. The converter
was operated by using the rule of Table 1. The odd number switches are operational in
stage 1, and the even number switches are operational in stage 2. In this converter the
voltage gain is increased gradually in each stage based on Fibonacci sequence number (1, 1,
2,3,5,8,13,21,...), the value of voltage in the capacitor becomes Vi, 2Vi,, 3Vin and 5Vip.

51 54 57 510

" — " -

il i
c1 "™ SSczT C3 C4 S [
" !

58

e

3 \ s6 ‘”\; 59\

Figure 1. Schematic diagram of 3rd stage Fibonacci sequence SCBC.

Table 1. Switching rule of conventional Fibonacci sequence SC converter.

Step Switches to Turn ON Switches to Turn OFF
Mode 1 S1, S3, S5, 57,59 52,54, S6, S8, S10
Mode 2 52,54, S6, S8, S10 S1, 83, 55,57, S9

The output voltage is [1]

K
Vout = Vin + Vip X Zn:l Fn (1)
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where: F;;: the Fibonacci sequence number Fi=1, F,=1, forn> 3; F, = F,_1 + F,_», K: the
stage’s number

Figure 2 shows the Fibonacci sequence converter mode 1. In this mode the converter
operates 5 transistor switches that charge the C3 up to 3 times the input voltage. Figure 3
shows the Fibonacci sequence converter mode 2. In this mode, the converter operates 5
transistor switches that charge the C3 up to 5 times the input voltage and discharge the
capacitor’s energy into the output. By applying Kirchhoff’s voltage and current laws (KCL,
KVL) in each loop for mode 1 and 2 for Figures 2 and 3, the state is calculated by:

Vip = Z1 x (I1 - I2) ()
=Z1x(12—1)+2Z2x 12+ 73 x I3 (3)
Vot = I3 % ZL 4)

ZL
# —Q_A_DI
Vinl
85 Vout
Loop 3
Loop 2
] C
83 -J 89
I I
S2
vin Vout
Loop 2
Loop 1 sS6 .f

Figure 3. Mode 2 of Fibonacci SCBC.

The impedances Z1, Z2, and Z3 are the series combination of R and C. the state space
representation for Mode 1.

Viu Z1 —Z1 0 I1
0 = |—-Z1 Z1+72+73 O 12 5)

Vout 0 0 ZL| I3
Vip =11 x (Z1+Z72) — 12 x Z3 (6)

Vour = 13X ZL+ (224 Z3) x 12— Z2 x I1 @)
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The state space representation for Mode 2.

Vil [Z14272 -72 0 g ®
Vou| ~ | —z2 72423 ZL||;

2.2. Conventional Boost Converter

Figure 4 displays the conventional boost converter. The output voltage is greater than
the input voltage. S1 was used as turn ON and turn OFF to achieve the desire output
voltage. The function of the boost DC-DC converter can be split into two states: Mode 1
and Mode 2. In mode 1, 51 is turn ON, the input current rises linearly and flows through
the inductor L1, S1, and diode D1 is on reverse bias acting as open switch [10,39]. In
mode 2, 52 is turn OFF, the stored current in the inductor flows through the C1, resistive
load and D1 is on forward bias acting as closed switch. Figure 5a,b illustrates the two
modes of circuit’s operation.

L1 D1
— YY)
P

+ 51
Vin C1 Vout
1

+

Figure 4. Boost converter.

+ s1 -
Vin \ IS C Vout

+
Vin () C Vout
I

(b)

Figure 5. Operation of Boost converter (a) Mode 1, (b) Mode 2.
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The waveforms of voltage and current are shown on Figure 6. The selection between
continuous conduction mode (CCM) and discontinuous conduction mode (DCM) depends
upon factors including input voltage, output voltage, load current, and circuit parame-
ters [40]. The interactions between the inductor’s voltage and current waveforms and
other converter components, such as the diode and output capacitor, play an important
role in achieving both regulated output voltage and efficient energy transfer. The inductor
within a conventional boost converter helps to accumulate and discharge energy to attain
the desired output voltage. The inductor’s current waveform undergoes phases of linear
increase and decrease, while the inductor’s voltage waveform is contingent upon the input
voltage and characteristics of circuit components. The decision between continuous and
discontinuous conduction modes substantially influences the behavior of inductor current
throughout the switching cycle.

VL 4
Vout
>t
iL &
-t
ton H toff H
15

k

Figure 6. Waveform of output voltage and current.

The output voltage with neglecting the voltage drops across the diode and the transis-

tor is:
Vi

1-D ©)

Dout =

2.3. Analysis of Proposed Maximum Power Point Tracking Algorithms
2.3.1. P&O-MPPT

P&O algorithm is based on measuring the voltage and current at the output of the
PV system to determine the output power. By comparing the new measurements with the
previous ones, the algorithm calculates the difference in power and voltage. In the ideal
maximum operating point, the change in power (AP,,) is zero. However, if APy, is not zero,
the algorithm adjusts the voltage with a fixed step size to search for the optimal solution. If
the PV operating point is on the left side, the algorithm navigates the system towards the
right side in the neighborhood of the MPP, and vice versa. This tracking process allows
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the P&O algorithm to continuously search for and approach the MPP for efficient power
generation [41].

2.3.2. INC-MPPT

INC calculates the voltage and current values from the PV system output and de-
termines the derivative of current with respect to voltage considering the instantaneous
current-voltage relationship of the PV array [41]. This method tracks the MPP by adjusting
the reference voltage based on the system’s operating point. To achieve the MPP, certain
conditions must be met:

dPpy
A

=0 (10)

Ppo _ LV | Vyodlpo

11
and il
po
= —Iy,/V, 12
dev pv/ Vpo (12)
The algorithm increases the reference voltage based on a fixed step voltage when,
dlyy
13
v >0 (13)

While it decreases the reference voltage using the fixed step voltage when

AL,
d pr

<0 (14)

2.3.3. PSO-MPPT

PSO exhibits fast convergence, quickly adapting to changes in environmental condi-
tions, and allowing the system to operate close to MPP in a timely manner [42]. Moreover,
the simplicity and ease of implementation and robustness in handling noisy or fluctuat-
ing conditions marks this approach out, and it can be combined with other optimization
techniques or control strategies [43,44]. These factors contribute to the effectiveness and
widespread use of PSO in optimizing power extraction from PV systems. The PSO algo-
rithm is as follows:

The Position vector is given in Equation (15).

X =[X1,X2,...,Xn| (15)
The Velocity vector is given in Equation (15)
V=[VL1V2,...,Vn| (16)

Particle’s best position and Global best position are given in Equations (17) and (18)
respectively.
Pbest = [Pbest1, Pbest2, ..., Pbestn] (17)

Gbest = [Gbest1, Gbest2, . .., Gbestn] (18)
The update equation is given in Equation (19).
Vnew = w* V + cl x rad() x (Pbest — X) + ¢2 *« rand() x (Gbest — X) (19)

The position update as
Xnew = X + Vnew (20)
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Parameters |7Advanc:ed }

2.3.4. GA-MPPT

To analyze the performance of the GA-based MPPT algorithm, it adjusts the algorithm
parameters (population Size, and mutation Rate) and observes the best solution and fitness
value obtained after the iterations. The initial parent population, denoted as array A,
is initialized to start the optimization process. It consists of individual parent solutions
represented by Xi = [parent 1, parent 2, . . ., parent n], where n represents the population
size. Each parent solution, parent i where (i =1, 2, .., n), corresponds to the initial voltage
values at the beginning of the algorithm. The objective function, f(Xi), is used to calculate
the output power of the PV system. The fitness values for each position in the population
are evaluated based on this objective function [45]. These fitness values are essential for
evolving the population and improving the overall fitness of the individuals over successive
generations. The GA-MPPT conditions for the PV voltage and power are given as:

V(k+1) — V(k)| < dV (21)

IP(k+1) — P(k)| < dP (22)

3. Simulation Results and Discussion

The simulation figures depict the verification of the proposed switched capacitor
configuration. Figure 7 shows the PV characteristics of the SunPower SPR-440NE-WHT-D,
while Figure 8 shows the current vs. voltage and power vs. voltage characteristics for one
module. The number of parallel strings (N;,) is seven and series connected modules per
string (N;) is six for the conventional boost converter (the total number of PV panels is 42).
On the other hand, the number of parallel strings is three and series connected modules
per string is three for the switched capacitor boost converter (the total number of PV panels
is 9). The irradiance and temperature are maintained at a constant as 100 W/ m? and 25 °C,
respectively. The complete MATLAB/Simulink for the conventional boost converter and
the proposed switched capacitor (Fibonacci) is shown in Figure 9.

Array data

Display IV and P-V characteristics of ...

=T

Parallel strings |3

|array @ 1000 W/m2 & specified temperatures

Module data

Series-connected modules per string |3

T cell (deg.C) [[4525 ]

B

Model parameters

Plot |

Module:

SunPower SPR-440NE-WHT-D

= 57
0.0U7

Light-generated current IL (A)

B

Maximum Power (W) [—'J.tj:. 316

Cells per module (Ncell} |1:E

Diode saturation current 10 (A} [5 9219%e-11

Open circuit voltage Voc (V) ‘L

5 I] 1

6.5

Short-circuit current Isc (A)

Diode ideality factor |l 0359

Voltage at maximum power point Vmp {V) |7: 9
Current at maximum power point Imp (A) [,;;, 04
Temperature coefficient of Voc {%/deg.C) |Av:' 326

Temperature coefficient of Isc {%/deg.C) I-’_’w;u_‘;:l‘;z:

Shunt resistance Rsh (ohms) [~1:§:.‘:v775

Series resistance Rs (ohms) ['.J 50843

Figure 7. MATLAB/Toolbox PV panel specifications.
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Module type: SunPower SPR-440NE-WHT-D
T T

TRWImT
8.
—_
=6
= 0.5 kWim?2
L4
E
=
S,
- 0.1 kwim?
0 |
0 5

20 25 30 35 40
Voltage (V)

200} 4
Z 150 ]
5
= 100 J
=]
(=9
50 - b
01 } t T | I _ W
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Voltage (V)

(b)

Figure 8. PV solar (a) I-V and (b) P-V characteristics.

[Swkched Capachor Boost converier

converSional Boost converber

@ :

Pari)

D=.000

Figure 9. MATLAB/Simulink block diagrams for switched capacitor boost converter and conven-

tional boost converter.

Figure 9 depicts the MATLAB/Simulink block diagram for the two boost configu-

rations, and the conventional and the switched capacitor Fibonacci boost converter. The
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values of the system parameters are tabulated in Table 2. This table includes the whole
parameters for the two boost converter configurations and for all MPP technologies.

Table 2. System Parameters.

Symbol Definition Value
PV solar (switched capacitor Boost)
Np parallel strings 3
N series connected modules per 3
s .
string
C1,C2,C3,C4,C5 capacitors 20 uF
Cé capacitor 100 uF
R1 Input resistance 01Q
Ry, Load resistance 130 O
PV solar (conventional Boost)
Np parallel strings 7
N series connected modules per 6
s .
string
Cin, Cout capacitors 1000, 100 uF
L inductance 0.9 mH
Ry Load resistance 50 QO
PSO parameters (for switched capacitor boost converter)
w weight 0.79
cl constant 1.725
c2 constant 1.725
PSO parameters (for conventional boost converter)
w weight 0.7
cl constant 1.025
c2 constant 1.025
GA parameters (for switched capacitor boost converter)
Population Size constant 50
Mutation Rate constant 0.01
GA parameters (for conventional boost converter)
Population Size constant 100
Mutation Rate constant 0.001

In this paper, there are some factors taken into consideration to implement the boost
converter with solar PV source. The desired output voltage is defined with respect to
the load application, and it is maintained at a constant. These values are dependent on
the converter parameters values. However, the input voltage is inconsistent during the
comparison. The output voltage of the two boost configurations is compared regarding
accuracy, stability, and regulation. Though the voltage ripple, the settling time of the
voltage performance has been addressed in the comparison.

In the other hand, the comparison also addresses the output current handling capabil-
ity of the two boost configurations. It is important to consider that the expected required
load current is typically lower than the input current, owing to power conservation princi-
ples in boost converters. However, it is worth noting that if the load current is higher than
the converter current capability, a voltage drop or damage to the converter will occur. This
poses a challenge in designing a converter that can adequately meet the load requirements
of a microgrid.

The P&O algorithm is commonly used in small scale industrial applications since it
does not require the system characteristics. However, it fails to obtain optimal power from
the renewable energy resources.

The output voltage for both the conventional boost converter (Veon) and the switched
capacitor boost convertor (V) are shown in Figure 4. The output voltage is settled down at
0.2 s for the conventional boost converter, while for the switched capacitor boost the settling
time is less than 0.08 s when the P&O MPPT is used. Figure 10 illustrates the output voltage
and output current for both conventional boost converter and the switched capacitor boost
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converter under the P&O MPPT algorithm. The improved overshoot characteristics of
a capacitor-switched boost converter can be attributed to the inherent properties of its
operation. Figures 11-13 show the output voltage under the various MPPT algorithms. The
system parameters are tabulated in Table 2.

1000
f‘\Overshoot

; f

e oscillation

5500+ \ *

v

> 'se(!h'\q’

J time
0
0 0.1 0.2 0.3 0.4 05 0.6 0.7 08 09 1

t/s
(a)

10 — =
=8 i
s 4 8
g

5 _

0 |

(o] 0‘1 0‘2 0‘3 0‘4 0‘.5 0‘() 0‘7 0‘8 0‘9 1
t/s
(b)
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2300
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g 200
100 E_?”“ng
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50 T T T T T T T T T
=
750() ()il 012 ().I} ().I4 ()fS ()I_(a ()I_7 ().IS ().I‘) 1
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Figure 10. P&O MPPT simulation results for: conventional boost converter (a) output voltage,
(b) output current, and switched capacitor boost converter (c) output voltage, (d) output current.
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Figure 11. Output voltage using INC MPPT for (a) conventional boost converter (Vcon) and
(b) switched capacitor boost converter (V).
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Figure 12. Output voltage using PSO MPPT for (a) conventional boost converter (Vcon) and
(b) switched capacitor boost converter (Vsc).
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Figure 13. Output voltage using GA MPPT for (a) conventional boost converter and (b) (Vcon)
switched capacitor boost converter (V).
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The simulation results in Figure 10 demonstrate that the output current capability
of the conventional boost converter is higher than that of the switched capacitor boost
converter. The selection of the appropriate boost converter type should be made based on
a thorough assessment of the application’s requirements, including voltage and current
levels, efficiency, transient response, and overall system design constraints.

The switched capacitor Boost converter utilizes capacitors (C1, C2, C3, C4, C5, and
C6) to achieve voltage boosting, while the conventional Boost converter uses inductance
(L1) in addition to capacitors (Cin and Cout) for voltage boosting. The switched capac-
itor Fibonacci boost converter employs capacitors (C1 to C6) with values of 20 uF and
100 pF, while the conventional boost converter uses capacitors (Cin and Cout) with values of
1000 pF and 100 pF, respectively.

The simulation results in Table 3 shows that the switched capacitor boost converter
plays an important role in enhancing the MPPT performance. Since the switched capacitor
smooths the output voltage and maintains a stable voltage, the conventional converter
smooths the current fluctuations. In addition, the GA-MPPT algorithm based on switched
capacitor boost converter provides better MPP tracking performance compared with the
other MPPT algorithms. The current capability values for each converter based on GA-
MPPT are given in Table 3. The switched capacitor has a significantly greater current
than that of the conventional converter. According to the values of the current capability,
the switches are designed and expected to handle high power applications requirements.
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Consequently, the comparison between conventional and switched capacitor Fibonacci
boost configurations for MPPT methods reveals significant advantages for the switched
capacitor configuration. With significantly faster settling times, ranging from less than
1 ms to 0.008 s, and lower output oscillation percentages of 0.02% to 1.02%, the switched
capacitor boost configuration outperforms its conventional counterpart across different
MPPT methods. This suggests that the switched capacitor Fibonacci boost configuration
offers improved performance, stability, and efficiency for maximizing power output in PV
solar systems compared to the conventional boost configuration.

Table 3. Simulation results comparison based on the performance of the output voltage.

Boost Configuration Type MPPT Method Settling Time (s) Output Oscillation %

Conventional P&O 0.2 0.5
Switched capacitor 0.008 0.02
Conventional INC 0.05 70
Switched capacitor 0.008 25
Conventional PSO 0.02 0.8
Switched capacitor <lms 1.02
Conventional GA 0.04 0.5
Switched capacitor 0.03 0.02

The analysis is extended by including additional evaluation data or comparing the
GA-based MPPT algorithm with other MPPT techniques. The simulation results for current
capability comparison based on the GA-MPPT reveal significant differences between the
conventional and switched capacitor Fibonacci boost configurations. The conditions of the
GA-based MPPT technique ensure that it adapts to sudden variations in load and solar
irradiance, allowing it to effectively optimize the MPPT process over time.

The conventional boost configuration achieves a maximum output current of 10 A;
the switched capacitor Fibonacci boost configuration significantly outperforms it, with a
maximum output current of 70 A. This indicates that the switched capacitor boost configu-
ration demonstrates a substantially higher current capability, making it more suitable for
applications that require greater power output and current handling capacity, see Table 4.

Table 4. Current capability simulation results comparison based on the GA-MPPT.

Boost Configuration Type Maximum Output Current (A)
Conventional 10
Switched capacitor 70

In conclusion, for the P&O-MPPT method, the conventional boost configuration
exhibits a settling time of 0.2 s with an output oscillation of 0.5%. In contrast, the switched
capacitor boost configuration demonstrates a significantly improved performance with a
settling time of 0.008 s an output oscillation of 0.02%.

When considering the INC-MPPT method, the conventional boost configuration has
a settling time of 0.05 s, with a high output oscillation of 70%. Conversely, the switched
capacitor boost configuration displays a superior performance, with a settling time of
0.008 s and a reduced output oscillation of 25%.

For the PSO-MPPT method, the conventional boost configuration achieves a settling
time of 0.02 s, with an output oscillation of 0.8%. The switched capacitor boost configuration
showcases exceptional speed with a settling time of less than 1 msec and a slightly increased
output oscillation of 1.02%.

Under the GA-MPPT method, the conventional boost configuration demonstrates a
settling time of 0.04 s with an output oscillation of 0.5%. The switched capacitor boost
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configuration offers a comparable settling time of 0.03 s and an even lower output oscillation
of 0.02%.

Moreover, when examining the current capability simulations based on the GA-MPPT,
the conventional boost configuration achieves a maximum output current of 10 A. In
contrast, the switched capacitor boost configuration significantly outperforms it, delivering
a maximum output current of 70 A.

The switched capacitor configuration demonstrates faster settling times, lower output
oscillations, and significantly higher current capability, making it a more promising option
for maximizing power output and achieving efficient MPPT in PV solar systems.

Moreover, GA effectively mitigated the negative effects of P&O, INC, and metaheuris-
tic PSO. The GA- MPPT algorithm does not experience any transient oscillations observed
in PSO or the steady-state oscillation effects encountered by P&O. Additionally, the GA
demonstrates superior robustness compared to other tracking algorithms, particularly in
handling inferior regions of the MPP.

4. Conclusions

This paper examined and compared the performance of two boost converter topologies,
conventional and switched capacitor integrated with MP harvest from the solar PV source.
In addition, four MPPT algorithms (P&O, INC, PSO, and GA) were implemented to
enhance the tracking power for each boost converter. The simulation results showed that
the conventional boost converter provides suitable current handling capability. On the
other hand, the switched capacitor boost converter demonstrates good voltage step up
performance. Furthermore, the various MPPT algorithms are utilized in enhancing the
converter MPP tracking performance. The P&O and INC algorithms offer simplicity and
ease of implementation, while the GA and PSO algorithms required optimization setup.
It can be concluded that the switched capacitor exhibits suitable performance in terms of
output voltage performance and current capability when integrated with MPPT. The GA
and PSO algorithms achieve better maximum power accuracy. The switched capacitor
boost converter consistently demonstrates improved performance in terms of rising time,
overshoot, and oscillation across multiple MPPT algorithms. Future work could involve
further optimization techniques to enhance system reliability and accuracy in tracking
multiple power peaks and achieving faster MPP attainment.
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Abbreviations

BA Bat algorithm

DE Differential Evaluation

EMI Electromagnetic interference

FSSC  Fibonacci Sequence Switched Capacitor converter
FSSC  Fibonacci Sequence Switched Capacitor converter
GA Genetic Algorithm

INC Increment Conductance

MPPT  Maximum Power Point Tracking

P&O  Perturb & Observe

PSO Particle Swarm Optimization

SCBC  Switch Capacitor Boost Converter

SMPS  Switched-Mode Power Supply
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