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Abstract: When it comes to reducing emissions caused by the generation of electricity, among different renewable energy sources, the solar
energy gains prominence, due to its geographical availability, simplicity of implementation, and absence of physical moving parts.
However, the performance of photovoltaic systems is dependent on environmental conditions. Depending on temperature and solar
irradiation, the photovoltaic (PV) system has an operating point where maximum power can be generated. The techniques that are
implemented to find this operating point are the so-called maximum power point tracking (MPPT) algorithms. Since weather condi-
tions are variable in nature, the output voltage of the PV system needs to be regulated to remain equal to the reference. Most of the
existing studies focus either on MPPT or on voltage regulation of the PV system. In this paper, the two-stage PV system is implemented
so that both MPPT and voltage regulation are achieved simultaneously. Additionally, an improved version of the perturb and observe
(P&0) algorithm based on artificial potential fields (APF), called APF-P&O, is presented. According to the results of the simulations
carried out in MATLAB/Simulink software, the APF-P&0 method is more efficient than the conventional method.

Keywords: sliding mode control * PV systems ¢ MPPT « APF-P&Q < voltage requlation

1. Introduction

In order to ensure a sustainable future, many countries have been devising various strategies. In the context
of energy systems, one of these strategies is the reduction or replacement of electricity generation based on
non-renewable energies through the implementation of energy generation systems based on sources that are
environmentally friendly (Ullah, 2021). Solar energy, among other forms of renewable energy, has been gaining
both scientific and industrial interest in recent years due to its wide availability (Ma et al., 2020). The application of
photovoltaic systems in distributed generation and direct current (DC) microgrids, not to mention the development
of power electronics technology, further extend the facets of research on solar energy. However, the efficiency of a
photovoltaic system is highly dependent on environmental conditions. Furthermore, for the generated power to be
of high quality, the voltage delivered by the PV system needs to be regulated. Therefore, to increase the efficiency of
the photovoltaic system and guarantee high quality of the energy produced, it is necessary to implement strategies
to track the point of maximum power and regulate the output voltage.

State-of-the-art studies and comparison of different methods for maximum power point tracking (MPPT) are
carried out in many studies (Podder et al., 2019; Kermadi et al., 2020; Sarvi and Azadian, 2021). Among different
techniques, perturb and observe (P&O) and incremental conductance (InC) are commonly used for MPPT due to
their easy implementation (Chowdhury et al., 2021; Grzesiak, 2017). Some variants of these algorithms have been
reported to improve the settling time and reduce output power fluctuations of the PV system. In order to overcome
the drawbacks of conventional P&O, an adaptive P&O method based on the Manhattan metric distance is proposed
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in Kesilmis (2022). An MPPT technique is proposed in Sheikh Ahmadi et al. (2022), where the InC method is used
to improve the convergence speed, and the particle swarm optimisation (PSO) algorithm is used to reduce ripples
in the output power of a PV system. A hybrid technique for MPPT that combines a modified version of P&0O and
the chimp optimisation algorithm (ChOA) is proposed in Elahi et al. (2022). The Owl search algorithm is used
together with the InC method to reduce the convergence time to the maximum power point (MPP) and mitigate
the inherent limitations of the conventional InC method in Altamimi et al. (2021). An improved version of the InC
and integral regulator (IR) is used to track the peak output power of a PV system interfaced by a DC-DC boost
converter in Stephen et al. (2022). In Pradhan et al. (2022), the roach infestation (RI) algorithm is presented for
the MPPT of a photovoltaic system, and fuzzy logic is used to generate variable step sizes for the INnC method in
Ali et al. (2021). Different approaches to voltage regulation can also be found in the literature, including the classic
proportional-integral—derivative (PID) control (Park and Cho, 2014), feedback linearisation (Sulligoi et al., 2014),
fuzzy logic control (Jayaprakash and Ramakrishnan, 2014), model predictive control (Wei et al., 2017), and sliding
mode control (Benadli et al., 2021; Ling et al., 2018), among others. Sliding mode control (SMC) has been reported
as a convenient technique for controlling the voltage of DC—DC converters since its operating structure is inherently
commutative (Utkin, 2013).

Many of the studies presented in the literature separately address the maximum power tracking and voltage
regulation strategies for PV systems, instead of dealing with both at the same time (Mira et al., 2013). However, for
the delivered power to have a high quality and to improve the efficiency of the photovoltaic system, both the MPPT
and voltage regulation are aspects that must be considered simultaneously. To satisfy both objectives, the two-stage
conversion topology is employed to control the photovoltaic system (Ravindranath Tagore et al., 2022). Therefore,
in this paper, the two-stage PV system control for MPPT and voltage regulation is presented. In the first stage, the
boost converter is used, and an improved version of P&O is proposed to find the PV voltage corresponding to the
MPP. The reference voltage found by the P&O serves as an input to the sliding mode controller, which then sends
the necessary control signals to the boost converter so that maximum power is generated. In the second stage, the
buck converter is used for voltage regulation, and its control is done by applying the sliding mode controller. In this
manner, MPPT and voltage regulation issues are simultaneously addressed.

2. Structure of the Photovoltaic System

The structure of a photovoltaic system can be separated into two essential parts: the photovoltaic module and the
conversion subsystem (Ma et al., 2020). The PV system studied in this paper is based on the two-stage conversion
topology, as illustrated in Figure 1. The first DC—DC converter is a step-up (or boost) and the second one is a step-
down (or buck) converter. The boost converter is used to modify the output impedance seen from the photovoltaic
module terminals so that the point of intersection between the |-V characteristic curve of the PV module and the
load line matches the point of maximum power that can be delivered under the given environmental conditions.

PV Cell Module Boost Buck
Y / /] §
NY /// .. DC I |pc
"" T T Load
"'E DC DC
A A
uMPPT uVR
SMC-MPPT SMC-VR k2
A
Vuppr ,|
Vpy Voref
APF-P&O/
Iev P&O

Fig. 1. Schematic of the applied control strategy for the two-stage PV system. APF, artificial potential fields; MPPT, maximum power point tracking;
P&O, perturb and observe.
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In the second stage, the stability of the voltage supplied to the loads is achieved through the control of the step-
down converter.

2.1. Electrical circuit of a photovoltaic cell
The photovoltaic cell is considered as the basic constituent of a PV module (Mohamed and Abd El Sattar, 2019).
The PV cells are electrically connected in series and/or parallel to achieve the voltage, current, and power levels for
which the module is designed (Saidi and Benachaiba, 2016). The power delivered by the photovoltaic generator is
dependent on the ambient temperature and solar irradiation. Generally, to model the behaviour of a photovoltaic cell,
an electrical circuit composed of a current source ({,,;), a diode (D), a series resistance (R, ), and a parallel resistance
(R;) is considered. The resistance Ry, is connected in parallel with an inverted diode D to express nonlinearity and
losses due to leakage currents, and resistance R, is used to model voltage drops when the module is connected to
load (Mohamed and Abd El Sattar, 2019). The electrical circuit of a photovoltaic cell is shown in Figure 2.

Applying Kirchoff’s current law to the electrical circuit of the single-diode photovoltaic cell model, the expression
of the output current of the PV cell can be found as shown in Eq. (1).

[=1,,-1p-1 1

where [ is the output current of the PV cell, 1, is the photogenerated current, I, is the current through the diode,
and [, is the current through the resistor R,

The expression to determine the current flowing through the diode, also known as a Shockley equation, can be
computed using Eq. (2) (Kordestani et al., 2018).

In=1, {exp[%}—l} 2

Therefore, the equation of the PV cell output current can be rewritten as in Eq. (3).

q(V +IR,) (V+IR,)
I=1,-1, G D S S G A 3
ph {exp[ =T } } X, 3)

where I, is the saturation current, ¢ is the electron charge (g =1.60x107"° C), k is the Boltzmann constant
(k=1.38x 1072 J/K), T is the operating temperature of the cell, and 4 is the idealisation constant of the diode D.

The photogenerated current is dependent on temperature and solar irradiation. It is defined as demonstrated
in Eq. (4).

Iph =[1scn+ki(T—Tn)]G£ (4)

n

where I, denotes the short-circuit current under the standard test conditions (STC) (7, = 25°Cand G,, = 1,000 W / m?),
T is the ambient temperature, 7, is the nominal temperature, G and G, are the actual and nominal irradiations,
respectively, and k; is the temperature coefficient of the short-circuit current.

1)
—_

oO— <

Fig. 2. Electrical circuit of a single diode PV cell.

161




Efficiency of APF-P&0 method

162

The saturation current of the photovoltaic cell is mathematically defined by Eq. (5).

rY gE. (1 1
= - P
Io _Irr[TnJ eXp|: A (Tn TJ:| (5)

where 1, is the reverse saturation current at temperature 7, and solar irradiation G, and £, is the band gap energy
of the silicon PV cell (£, =1.10 eV). The rest of the parameters remain with the same definitions.

For a photovoltaic module composed of N, PV cells in series and N, PV cells in parallel, the output current is
given by Eq. (6) (Farhat et al., 2017).

g(Ny +(N /N, )R B NI (NN IR,

I=N,I,-N,I
plpn = Nployexp N, AkT (Ng/N, )Ry,

(6)

2.2. State-space averaged models of the DC-DC converters
In this subsection, the models of the DC-DC converters, which are part of the conversion circuit of the photovoltaic
system under study, are presented. The DC-DC boost converter is used in the first stage of the conversion. This
converter, in addition to boosting the output voltage of the solar panel, is used to ensure that the power extracted
from the PV module is the maximum possible by switching (ON and OFF) the input signal of the transistor Q at high
frequencies. In Figure 3, the boost converter circuit is shown.

Considering the continuous conduction mode (CCM) of operation and choosing the current through the inductor
and the voltage across the capacitor as the state variables, the averaged model of the boost converter can be
defined by Egs (7) and (8) (Farhat et al., 2017; Rahman Habib et al., 2019).

di 1 1

l_cLit(t) = —(1 - u)ZVc(t) + Z"in N
d 1 !
%@: (1—u)EiL(t)—R—CVc(f) ;

where i; denotes the current through the inductor (i; =1;,), vc is the voltage across the capacitor (v =v,), and u is
the control signal (u € {0,1}). In the boost converter circuit, the parameters R, L, and C represent the load resistance,
the input circuit inductance, and the output filter capacitance, respectively, and v;, is the supply voltage of the step-up
converter.

For the second stage of conversion, the DC-DC buck converter is considered. Here, the buck converter is
used to step down and stabilise the voltage delivered to the load. In Figure 4, the circuit of the buck-type DC-DC
converter is shown.

Considering that during the operation of the buck converter the average value of the current passing through
the inductor does not reach zero and adopting the current in the inductor and the capacitor voltage as the state
variables, the averaged model of the buck converter is mathematically summarised by Egs (9) and (10).

dig(t) _ 1 u

o LVc(f)+LVm ©)
d

LB L 0=l (10)

®-

€« =

Fig. 3. Circuit of a DC-DC boost converter.
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Fig. 4. Circuit of a DC-DC buck converter.

where i; is the current through the inductor, v is the voltage across the capacitor (v =v,), and u is the control
signal (u € {0,1}). In the buck converter circuit, the parameters R, L, and C represent the load resistance, the
circuit inductance, and the output filter capacitance, respectively, and v;, is the supply voltage of the step-down
converter.

3. Control Strategy for MPPT

In order to get the best out of the solar generation system, tracking the MPP is crucial. There are several
methods for MPPT. Among the different methods, P&O is one of the most popular due to its simplicity (Farhat et
al., 2017). Furthermore, in the P&O method, prior knowledge of the characteristics of the photovoltaic module
is not required (Saidi and Benachaiba, 2016). The operation of the P&O method is based on perturbing the
output voltage of the PV module and observing the resultant output power. If the actual value of the measured
power P(k) is greater than its previously obtained value P(k—1), then the direction of the perturbation is
maintained; otherwise, the movement of the perturbation is done in the opposite direction (Kordestani et al.,
2018).

In Figure 5, the flowchart that summarises the operation of the P&O algorithm is depicted. As shown in the
flowchart, the algorithm begins by sensing the values of voltage V' (k) and current I(k) to compute the power
P(k) generated by the PV system. Then, the difference between the actual voltage value and its previous value
V(k—1) is computed and saved in the variable AV. The difference between the actual value of the measured
power and its previous value P(k —1) is also calculated, and the result is recorded in the variable AP. Afterwards,
the output voltage V' of the photovoltaic system is perturbed (increases or decreases) depending on the AP and
AV signals. The amount of increase or decrease of the output voltage is defined by the value AD. The value AD
is chosen based on tests and simulations (Farhat et al., 2017). If very small AD values are chosen, the system
becomes slow to find the MPP; on the other hand, very large AD values can result in loss of information creating
high levels of ripple in the generated power. Therefore, the trade-off between the time of convergence to the
MPP and the steady-state ripple levels of the generated power must be considered when defining the value of
AD.

3.1. Proposal for improvement of the conventional P&0 method

In this subsection, a proposal to improve the conventional P&O method is presented. The improvement is based
on artificial potential fields (APF), hereinafter also referred to as APF-P&O. The proposed method, besides being
simple to implement, has no computational complexity. Its implementation is done by adding just a few lines of
code to the original method and only depends on the output voltage of the photovoltaic module (which is already
an input of the conventional P&O method), i.e., the proposed APF-P&0O method does not increase the number of
input variables of the conventional method. In APF, the target point or desired region is modelled as a point or zone
with an attractive potential field that pulls the controlled states towards the desired point or region (Manuel et al.,
2021). Assuming that the minimum and maximum values of expected solar irradiation and the respective voltage
values at the point of maximum power are known, a zone of attraction that contains all points of maximum power
for the range of expected solar irradiation can be defined, as shown in Figure 6. The idea is to produce attractive
forces so that the output voltages of the PV module remain in the attraction zone, which is the zone where the
MPPs are located.

Sic]
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Fig. 5. Flowchart showing the operation of the P&O method. P&O, perturb and observe.
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Fig. 6. Principle of the presented APF-P&0O method. APF, artificial potential fields; P&O, perturb and observe.
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.
The attractive potential field can be defined according to Eq. (11), where U, (VPV) denotes the attractive
potential field, K, is a positive design parameter, V'p, is the output voltage of the PV module, and 7}, and ¥,,, are
the left and right boundary voltages of the attraction zone, respectively.

1 2
EKatt(VPV V) s Vep <V

Ut (Vpy) = 1 5 (11)
EKatt(VPV V)5 Ver >V,

Applying the negative gradient to the attractive field expression, the corresponding attractive force is obtained,
as shown in Eq. (12).

Kue(Vip=Vpp)s  Vpy <V

F,=-VU,)=
“ W) {Katt(vrb_VPV)= Ve >V (12)

where F,, is the resultant force of attraction. The law to determine the step size (AD) for the proposed APF-P&O
algorithm is established according to Eq. (13).

, Vi <Vpy <V,
AD:{X b=Ypy =V (13)

F. otherwise

where X is a relatively small positive design parameter that represents the step size when the algorithm is in the
attraction zone. The value of X is set small to reduce steady-state power fluctuations. For X, a typical value of
0.001 was chosen (Saidi et al., 2019; Xu et al., 2015). The positive design parameter (K ,,,) makes it possible to
manipulate the degree of influence of the attractive force (F,,). Depending on the type of application, K, can be
defined to be a constant or a variable, as long as the condition of being a positive value is met. A negative K,
value would cause the voltage to diverge from the MPP. In this paper, after different tests, K, equal to 1 is used.
If K,,; <<1, the speed of convergence of the reference voltage to the attraction zone decreases, while if K, >>1,
the probability of the reference voltage escaping from the attraction zone increases. As can be understood, while
the voltage generated by the PV system is outside the attraction zone, the algorithm generates forces of attraction
necessary to bring the voltage to the zone where the MPPs are located, and thus, the convergence speed is
increased.

3.2. Sliding mode controller for MPPT

The voltage at the MPP (V,pp) estimated by the P&O method or by the proposed APF-P&O serves as a reference
for the SMC. The implemented SMC will produce the necessary control signals to make the output voltage of the PV
module equal to the reference voltage, thus reaching the MPP. Assuming the error (e) as the difference between the
PV module output voltage (Vp)) and the reference voltage (V;,pp), a sliding surface s can be defined as in Eq. (14).

s=e=Vpy —Vypp (14)
The control law u to achieve the MPPT can be defined as in Eq. (15).

u Z%[1+sign(s)] (15)

Arigorous stability analysis is presented in Section 3 of the paper (Farhat et al., 2017), where it is proved that,
in fact, by applying this control strategy, the system stability conditions at the MPP of the PV module interfaced with
a boost converter are satisfied.
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4. Control Strategy for Output Voltage Regulation

In this section, our attention is devoted to the strategy applied for the regulation of the output voltage of the
photovoltaic system. SMC has been recognised as one of the powerful control strategies for power converters
(Komurcugil et al., 2021). SMC is a robust non-linear control technique, which uses a discontinuous control action
that switches between two different system structures, in such a manner that a new system motion, known as sliding
mode, is achieved on a surface (or manifold) previously designed for this end (Wu et al., 2022). This characteristic of
switching between different structures of the system makes the SMC a convenient control technique to be applied
in DC-DC power converters, which are switching devices by their nature (Utkin, 2013). For these reasons, the SMC
is chosen for the regulation of the output voltage of the PV system. In the following subsections, details about the
technique used are presented.

One of the important features of the sliding mode control is its low sensitivity to system parameter variations
(Inomoto etal., 2022). This is possible by employing a high-switching control law, which forces the system trajectories
to converge in a predetermined zone within the state space and to remain in this zone thereafter. In SMC parlance,
this zone is denoted as a sliding surface. Considering the buck converter state-space model presented earlier, the
sliding surface is defined as in Eq. (16) (Goudarzian et al., 2019).

o)== 3] = (v =5 )+ o (1, -5 (16)

where o(x) is the sliding surface, x; is the current through the inductor, x, denotes the voltage across the capacitor,
uy and u, are design parameters, xf is the desired current, xz is the desired voltage, and R denotes load resistance.
The control objective is to make the output voltage x, of the PV system equal to the desired voltage xz. This problem
can also be redefined in terms of the current through the inductor, i.e., a control law u should be found such that
the current x; is equal to its reference value xl*. If this occurs, then the difference Ax, =x; —x,, which leads to
Axy = —(l/RC)sz, will tend to zero over time (Utkin, 2013). In this paper, the cascade control structure of the SMC
is adopted, where the inner loop current reference is obtained from the outer loop voltage control using a linear
controller (Wu et al., 2022). In order to drive the system state variables to the sliding surface (o= 0), the control law
u presented in Eq. (17) is generally employed (Utkin, 2013).

1 .
u ZE[I—Slgn(O’)] a7

The stability analysis of the system applying the defined control law can be done using Lyapunov’s theory.
In Eq. (18), the Lyapunov function V(o) that will be considered to evaluate the stability is presented:

_1 o
Vo= 27 (18)

For the system to be considered stable, the selected Lyapunov function has to meet the following conditions
(Inomoto et al., 2022):

a) V(o)>0;
b) V(0)=0=0=0;
¢) V(0)=06 < 0.

It is simple to conclude that the first two conditions are fulfilled by the selected function, except for the third
condition which deserves demonstration. This third condition is also known as the reaching condition in the sliding
mode control literature. Computing the derivative of the sliding surface presented in Eq. (16), Eq. (19) is obtained.

('T—x—v’iu—lx
Yl L? (19)
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Fig. 7. Scheme for regulating the output voltage of the PV system.
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Fig. 8. Simulink model of the photovoltaic system (solar panel and DC-DC converters).
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Ifo <0,thenu =1. From Eq. (19), in order for ¢ > 0 to be satisfied, the output voltage has to be positive (i.e. x, > 0).
Similarly, if a 0 >0, then u=0. In order for ¢ <0 to be satisfied, the output voltage has to be less than the input
voltage (i.e. x, <v;,). In other words, the reaching condition will be fulfilled as long as the condition (0 < x, <v;,) is
satisfied. In the case of a buck converter, this condition is inherently accomplished. Therefore, it can be concluded
that applying the presented control law, the stability of the system will be achieved (Guldemir, 2015). The strategy
implemented to regulate the voltage of the photovoltaic system is summarised in Figure 7.
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5. Results and Discussions

In this section, the results obtained for both the MPPT and voltage regulation of the PV system are presented.
The simulations were performed using the Specialized Power Systems library of MATLAB/Simulink software. The
photovoltaic system and controller models are shown in Figures 8 and 9, respectively. The main characteristics
under STC of the chosen PV module are shown in Table 1. The parameters of the converters used for MPPT and
voltage regulation of the PV system are presented in Table 2.

o 1
TS HRS

Vref [dMPP]

P&0O
PV
Vref
> APF_PO
APF-P&0O

(a)

(b)
Fig. 9. Controllers implemented in MATLAB/Simulink software: (a) for MPPT and (b) for voltage regulation. APF, artificial potential fields; MPPT,
maximum power point tracking; P&O, perturb and observe.

Cells

Technology Polycrystalline silicon
Number of cells 66

Dimensions 156 mm x 156 mm

Structural characteristics

Dimensions L x W x H 1,803 mm x 995 mm x 50 mm
Weight 22.0kg

Electrical characteristics

Maximum power Pmax 250 W

Open circuit voltage Voc 40.06 V

Max. power point voltage Vmpp 33.40V

Short-circuit current /sc 8.10 A

Max. power point current Impp 749 A

STC, standard test conditions.

Table 1. Key features of the TynSolar TYN-250P6 module under STC.



Manuel and inang

Boost converter design parameters

Input capacitance (C) 4 uF
Inductance (L) 4.6 mH
Output capacitance (C) 181.85 uF
Switching frequency (fsw) 10 kHz

Buck converter design parameters

Inductance (L) 100 mH
Capacitance (C) 10 uF
Load (R) 60 Q
Switching frequency (fsw) 10 kHz

Table 2. Parameters of the DC-DC converters.

—P&O

—— APF-P&O
- - -Reference
250
2 200
o
;E 150
100 - .
50 - -
0 1 1 1 1 1
0 0.5 1 1.5 2 25 3

Time (s)

Fig. 10. Comparison between the presented APF-P&0O method and the conventional P&O. APF, artificial potential fields; P&O, perturb and observe.

5.1. Simulation results for MPPT

The performance of the proposed APF-P&O algorithm is evaluated under different solar irradiation conditions, and
then, comparisons are made with the conventional P&O method. In Figure 10, the results obtained for MPPT are
presented, where the solar irradiation is 600 W/m?, from 0 s to 1 s; then, it reaches 800 W/m? from 1 s to 2 s and
1,000 W/m? from 2 s to 3 s. Figure 11 is a zoomed-in version of Figure 10 highlighting the ripples in the output
power of each method. Table 3 shows the efficiencies obtained for each method. The tracking efficiency used to
compare the performance of the methods is defined as in Bendib et al. (2015). As can be clearly seen from the
results, the implemented APF-P&0O method presents a better performance compared to the conventional P&O
method.

5.2. Simulation results for voltage regulation

Under the same solar irradiation conditions, the voltage regulation results are obtained. The reference voltage is
assumed to be 32 V. The output voltage responses of the boost and buck converters are illustrated in Figures 12
and 13, respectively. The results show that although the input voltage of the buck converter varies due to changes
in solar irradiation, its output voltage remains regulated.
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&

Time (s)

Fig. 11. Zoomed-in version of Figure 10 showing the magnitude of ripple in the output power. APF, artificial potential fields; P&O, perturb and observe.

MPPT algorithm Efficiency (%)
P&O 96.4
APF-P&O 99.5

APF, artificial potential fields; MPPT, maximum power point tracking; P&O, perturb and observe.

Table 3. Comparison of tracking efficiency.

200 T T T T T
E — Input Voltagel
£ 100 | { 2
S { 2 1000 W/
5 600 W/m2 800 W/m m
>
0 A1 1 L 1 7
0 0.5 1 1.5 2 2.3 3
(a)
= ——Output Voltage
~ - - -Reference
§0 32F
= 20 4
sof
O 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3
Time (s)
(b)

Fig. 12. Output voltages under increasing step inputs of solar irradiation: (a) boost converter output voltage and (b) buck converter output voltage
(or PV system output voltage).
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150 T . . T :
& |—Input Voltage|
2 10T 000 Wim? l . \ .
1 - 600 W/m”
- 50% =
>
0 1 1 1 1 1
0 0:5 1 .5 2 Z:5 3
(a)
=y —— Qutput Voltage
— - - -Reference
i
S
0 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3
Time (s)
(b)

Fig. 13. Output voltages under decreasing step inputs of solar irradiation: (a) boost converter output voltage and (b) buck converter output voltage
(or PV system output voltage).

6. Conclusion

This study presented a control strategy where both maximum power tracking and voltage regulation of a PV system
are achieved simultaneously. A method for MPPT inspired by APF called APF-P&O is presented, and by means of
comparisons with the conventional P&0O method, its effectiveness is proven. The voltage obtained by the MPPT
method is sent to the SMC which commands the boost input so that the MPP is reached. According to the simulations,
the implemented APF-P&O method presents a relatively better performance in terms of efficiency, and output power
ripples. For voltage regulation, another SMC with an appropriate control law is employed. Through simulations, it
is verified that regardless of the variation of solar irradiation and the input voltage of the buck converter, the output
voltage of the PV system remains regulated at the desired value. All simulations were performed using MATLAB/
Simulink software. A recommendation for future research would be to add an anti-drifting feature to the implemented
APF-P&0O method.
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