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It is proved and examined in this research paper that the perturb and observe (P and O) technique for isolating the photovoltaic
array (PVA) from the power structure may be used to isolate the PV array from the power structure. A single specified voltage
setup can remove the maximum power from a PV cell because of the nonlinear properties of the PV cell’s output. As a result, in
PVA, the maximum power point tracking (MPPT) algorithm is utilized to increase the yield control range by increasing the
maximum power point. In this study, the MPPT computations are carried out with the assistance of a DC-DC boost converter for
usage in applications needing high voltage gain at a variety of sun-positioned irradiances and cell temperatures, as demonstrated

in the literature.

1. Introduction

The incorporation of renewable energy sources such as solar
photovoltaics and fuel cells has increased the popularity of
DC microgrids [1]. Beyond their original use in renewable
energy conversion, high-gain dc-dc converters have found
widespread adoption in a variety of other fields, including
battery backup systems for uninterrupted power supplies,
and high-intensity discharge lamp ballasts for automobile
headlamps, electric tractions, and even some medical
equipment [2-4]. Since high-frequency transformers may
be configured to support any required turns ratio, isolated
DC-DC converters and coupled inductor type converters
using these devices can deliver significant voltage gain [5].
Electricity generated from renewable sources can be used to

power outlying locations when combined with the grid.
Increased availability of grid-connected PV systems can be
attributed to the development of DC-DC converter topol-
ogies and inverter control methods. Power feed efficiency is
highly dependent on the DC-DC converter stage being
properly selected and operating at peak efficiency [6]. When
connecting the dc microgrid, high-efficiency high-gain DC-
DC converters are required because of the low output
voltage of these dc power generators. When it comes to
photovoltaics, it is best known as a process for generating
electric power by converting solar-generated energy into
electrical energy through the photovoltaic effect [7]. PV cells
generate direct current as the electrical source from light,
which can be used to power DC equipment or to recharge a
battery, depending on their orientation [8]. Initially,
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photovoltaics were used to control satellites and other
rockets in the vicinity; however, today, the vast majority of
photovoltaic modules [9, 10] are used for cross-sectional
related applications with the assistance of power electronic
converters and to generate enormous amounts of energy,
which was the original rationale for their use. The typical
yield of a PV module is determined by the daylight-based
irradiance and the air temperature, and the yield voltage of a
PV module is determined by the relationship between PV
modules. It is critical to demonstrate and reauthorize for
maximum power point tracking (MPPT) [11] of PV array
applications because PV modules have nonlinear charac-
teristics, and the yield is dependent on solar radiation [12].
Various MPPT procedures have been used in the past, but
the bother and watch (P&O) calculation is the most widely
recognized and ideal for use by industry because of its
straightforwardness and ease of execution [13]. As a result,
this calculation continues to be the most widely used [14].
In order to make use of the P&O calculation, the con-
troller changes voltage if the deliberate power is more
prominent or less prominent than the previous estimation of
intensity [15]. The controller makes alterations in a similar
manner until there is no greater increment or decrement in
power [16]. Figure 1 depicts the block diagram of a PVA
structure that makes use of a boost converter [17].

2. PV Panel

An electronic device that converts solar power into electrical
power is known as a photovoltaic cell. The power rating of a
solar-powered [18] board is determined by the size of the PV
board and the arrangement of modules within the board; as a
result, the voltage rating and current evaluations change, while
the power rating remains constant. Because a single PV panel
may not be able to generate the necessary amount of power, we
connect multiple panels in series or parallel to meet our needs.
Series association of PV board increment voltage rating in a
series arrangement and parallel association of PV board in-
crement current rating in a parallel arrangement is done [19].
The electrical equivalent of the PV panel is shown in Figure 2.

The I-V characteristics of the PV module are depicted in
Figure 3 at a cell temperature of 25°C. A PV cell’s output
current can be determined by applying KCL and given in the
following equation:

Ipv:Iscc_ID_Ish’ (1)

where I,,=PV module current, I, =photo current (or)

solar cell current, I, = diode current, and I, = shunt current.
The current-voltage attributes condition of a PV module

is depicted as given in the following equation:
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where g = electron charge (1.602 * 107'°C), N, = number of
sun-based cells related in plan in series, Np=number of
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daylight-based cells related in parallel, I,;=reverse satura-
tion current, T'=total temperature, K = Boltzmann constant
(1.38 ¥ 107 J/K).

Also,

_, L Ki(T-299)G
ph =t T 00
(3)

r

3
I, = ITS[TZ] <e((qego)/(NsAKT))[(1/Tr)f<1/T>]))

where I, = short out current of PV module at standard test
states of 25°C and1000 W/m?, K; = temperature coefficient of
short out current, G = the sun-based lights. The turnaround
immersion current of the PV module is given in the fol-
lowing equation:
I = Isc
s (e( (aVoo)! (nNKT)) _ 1>’ (4)

where n=the dreamer factor of the diode=1.3
V,c=open circuit voltage. The current through the shunt
resistor of the above PV module is given in the following
equation:

V, +I,R

pvitrs
. 5
sh Rsh ( )

The most common photovoltaic system applications are
on rooftops and in buildings, and they include concentrator
photovoltaic systems, photovoltaic thermal hybrid solar
collectors, rural electrification systems, standalone systems,
spacecraft applications, specialty power systems, and spe-
cialty lighting systems [20].

3. DC-DC Boost Converter

The boost converter is a converter that has an output
voltage that is higher than the source voltage. Boost con-
verters are used in data conversion [21]. It is additionally
referred to as a step-up converter. Whenever the feedback
regulation is functioning properly, the control loop keeps
the output voltage where it needs to be, and the converter
operates at a duty cycle below the critical level [22].
However, when the feedback loop is saturated by excessive
load current, inadequate input power [23], or an increase in
the resistance of the converter switches, the output voltage
drops below the desired value [24]. When the controller’s
duty cycle goes above a certain threshold, the conversion
gain goes negative [25]. The gain polarity inversion and
excessive inductor current can be prevented by fixing the
duty-cycle limit [26].

A regular DC-DC converter circuit is depicted in
Figure 4.

It is a switching converter that operates by intermittently
opening and closing a power electronic switch, as described
above. DC voltage source, inductor L, controlled semi-
conductor switch (S), diode (D), capacitor (C), and load
containment (R) are the components of the boost converter.
MOSFETs, IGBTSs, and BJTs are the semiconductor switches
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FiGure 1: Block diagram of the boost converter with the MPPT controller.
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Ficure 3: I-V and P-V characteristics of the PV module.

that are used in this converter. MOSFET is utilized due to the
fact that it is a voltage-controlled device, and its switching
frequency is higher. It also requires little current, which has a
high switching rate and operates in the mill amperes per
second range. There are two modes of operation available in
this converter.

3.1. Methods of Activity

3.1.1. Mode-1. When switch S is turned off, diode D is
turned unevenly, to be precise. The inductor is connected in
series with the source and charges up, causing the inductor
current to expand. Because of the inductor’s high voltage, it
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Figure 5: Conventional DC-DC boost converter in ON-state (switch shunt).

is comparable to the data voltage. The on-state circuit di-
agram of the converter is shown in Figure 5.

di,
Vsource =L E’

(6)
AiLoPcncd = DT\]Lsource'

3.1.2. Mode-2. As soon as switch S is activated, diode D is in
the forward uneven state. The current flows towards the
stack, causing the regard to escape the inductor’s and in-
formation’s centrality in the circuit. The circuit diagram of a
typical DC-DC support converter is shown in Figure 6 when
the turn is opened in the OFF state.

Vi =Vource = V.

out>

. (1-D)T
Achlosed = (Vsource - Vout) L (7)
di,
Vsource - Vout = E
In steady-state operation,
Ai AiLclused =0. (8)

opened

The yield voltage condition of the lift converter is

VsourceTON + (Vsource - Vout)TOFF =0,

VsourceTON + VsourceTOFF = VoutTOFF’

Vsource (TON + TOFF) = VoutTOFF’

)
Vout _ Tox + Topr
Vsource TOFF
Topr (1-D)

The output current equation of the boost converter can
be deduced from the equation shown in Figure 7. During the
oft-time, it provides the output circuit. During on-time, the
inductor-free wheels on the source side result in no current
being delivered to the load during on-time.

VowoTom = Vs To
T 1
Togr “(1-D)
Viour = Vource (1 = D), 10
VioureeTs = VouTos
Vourcelr = [(Vgource/ (1 = D))]Z'

R
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Figure 6: Conventional DC-DC boost converter in OFF-state (switch opened).
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From the above condition, we can discover normal

inductor current as given in the following equation:

VSOLerC

I, = source
"R - D)

(11)
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FiGUure 7: Flow chart of perturbation and observation.
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The most extreme inductor current can be composed as

given in the following equation:

ILmax -

AL,V
2 R(1- D)

source




The base estimation of the inductance and the base
estimation of the capacitor for the predictable current mode
can be formed using the equations given in the previous
section equation.

IL min = 0,
13
. _ba - D)’R (13)
min 2 .

The swell factor and the base estimation of capacitor for
nonstop current mode can be formed as shown in the
following equation:

AQ = VOL;DT =CAV (14)
AV = V"ﬁfT = ‘;’g‘f, (15)
w0
= D )
4. MPPT Controller

Estimates of MPPT (maximum power point tracking) are
integrated into a charge controller and used for evacuating
the majority of extraordinary open power structure PV
modules under explicit conditions. This maximum power
point tracking technique adjusts the boost converter duty
cycle step size based on the input conditions of the system.
This procedure begins by calculating the differential value of
the instantaneous radiation, photovoltaic voltage and cur-
rent, and load power. This technique maximises the duty
cycle during constant radiation conditions, allowing the
MPPT algorithm to track more quickly [27]. There is a
transitory period of oscillations with the irradiance change.
Because of these extraneous variations in weather, it is
necessary that everything gradually converges on the MPP.
The voltage at which a PV module can produce the maxi-
mum amount of power is referred to as the maximum power
point. MPPT (maximum power point tracking) is a tech-
nique used in PV board charge controllers to track the
maximum power point, known as a maximum power point
technique (MPPT), and an electronic DC-DC converter is a
device that improves the match between a solar-powered
showcase (PV sheets) and a battery bank or a power-gen-
eration structure. No, the MPPT is not a mechanical after
structure that physically moves the modules in order to
make their point even more authentical at the sun [28].
MPPT is a completely electronic/modernized system that is
responsible for the electrical operation of the module. The
majority of today’s MPPT charge controllers are approxi-
mately 93-95 percent effective in the transformation;
however, the very best MPPT charge controllers can be up to
97-99 percent effective. Duty-cycle control works by
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comparing the power output of a PV module (determined by
multiplying its voltage by its current) to its output from a
prior cycle. The duty is controlled so that the maximum
power point is maintained, and this is determined by
comparing the current sample value of the voltage to the
prior value in the same manner as before. To determine the
optimal power point tracking methodology, the duty cycle is
compared to the power and voltage [29].

P&O calculation, gradual conductance, and other cal-
culations are performed by the MPPT controller [30]. The
first of these calculations is performed by the P&O
calculation.

In order to make use of the correlation between PV
module voltage and power output, the P&O technique is
employed. By adjusting the voltage in the direction of in-
creasing the power, the maximum power point can be
tracked by observing the resulting change in power. In order
to determine the link between the power output and the
voltage input of a solar cell, the incremental conductance
method makes use of the slope of the power-voltage (P-V)
curve. Maximum power is reached at a voltage of zero, with
the voltage increasing when the slope is positive and de-
creasing when the slope is negative [31].

Within the scope of this work, we presented how the P&O
method can be utilised. Because of its simplicity and ease of
implementation, the perturb and observe (P&O) approach is
extensively employed as an MPPT algorithm for PV system
applications [32]. The method introduces disturbances to the
duty cycle by either increasing or reducing it by a constant duty
step size and then monitors the effects on the PV system’s
output power [33]. If the change in output power is more than
zero, the operating point has shifted closer to the maximum
power point (MPP) [34], and the duty cycle will continue to be
perturbed in the same direction [35]. The cycle will continue
until the maximum physiological state (MPS) is reached and
maintained [36]. Unfortunately, the steady-state operating
point of this algorithm oscillates about the MPP. This causes a
minor drop in PV efficiency. Reducing the duty cycle dampens
the steady-state oscillation but slows down the dynamic re-
sponse. Therefore, the duty cycle must be properly adjusted to
achieve a balance between the two [37]. The P&O calculation
graph is illustrated in Figure 7.

4.1. Drawbacks

(1) If the voltage is far away from the MPP, the P&O
technique is only moderately effective in locating the
MPP [29]

(2) Small (and fixed) gradual changes are used in the
P&O strategy to produce a large transient following
time “t” is defined as the amount of time it takes an
MPPT calculation to reach within 95 percent of the
most extreme normal power available at MPP

5. Simulation Results

The simulation diagram of a PV board is shown in Figures 8
and 9. The I-V traits and P-V attributes of the PV board are
plotted and shown in Figures 10 and 11, respectively.
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The simulation diagrams of the boost converter are
shown in Figures 12 and 13. The voltage waveform of the
after-effect of the boost converter and converter voltage
waveform are shown in Figures 14 and 15, respectively.

The simulation diagram of the PV module with the boost
converter is designed and illustrated in Figure 16, and the
associated output voltage and current waveforms of PV with
the boost converter are shown in Figure 17.

The simulation diagram of solar MPPT with boost
converter is designed and illustrated in Figure 18, and the
power waveform of solar MPPT with boost converter is
shown in Figure 18. Power curve of solar MPPT with boost
converter is shown in Figure 19.

6. Conclusion and Future Works

In this article, the P&O algorithm is used to track the
maximum power point and is given as input to the DC-DC
converters which are operating at a high duty cycle ratio. The
converter considered here will function properly at a high
duty cycle to prevent the excessive inductor current. Due to
the ease with which it can be implemented and due to its top-
level viability, the perturb and observe MPPT system is used
in our methodology. As an alternative, a modified P&O
MPPT algorithm can be designed to stabilize the output
voltage under rapid radiation change conditions and varied
load conditions in our future works, which is especially
useful for small or domestic PV systems.
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