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Abstract. This paper presents a peak bracketing algorithm and a decremented windows-
size scanning-based algorithm to trace a maximum power operation point of a solar array
in photovoltaic systems. Power curves of the systems can contain some local maximum
power points, besides a global maximum power point (MPP). This problem appears due
to the existence of partial shadows or non uniform solar irradiance on the photovoltaic
panel surfaces. Atmospheric condition changes (irradiance and temperature changes) can
also change the power curves and MPP locations on the curves. Three types of the iter-
ative scanning-based MPPT algorithms are proposed to solve the partial shading problem
and the changes of power curves, i.e., decremented window scanning, peak bracketing
(PB) method and PB with initial scanning. The simulation results have presented that,
for some cases, those MPPT algorithms can find out the global maximum power points
(MPPs) of the partially shaded photovoltaic system with relatively smaller number of
perturbing-and-observing (P&O) steps. The proposed algorithms can significantly out-
perform a traditional hill-climbing method in terms of the number of required P&O steps
to reach the global MPP.
Keywords: Power electronics, Maximum power point tracking algorithm, Photovoltaic
systems, Renewable energy, Partial shading problem

1. Introduction. Renewable energies have become promising energy sources in the near
future for industries and human life. For some decades ago, fossil fuels have been used
as the main energy resources for industries, transportation and many other human life
mobility and activities. Air pollution caused by the excessive use of fossil fuels due to
rapid industrial growth, as well as the decreased amount of fossil fuel resources is main
reasons of a new campaign to use renewable energies. Renewable energies such as solar
energy, wind, tidal, wave, geothermal energy, bio-ethanol and biomass are among potential
energy sources, which can be optimally used in the future.

The primary energy resource in the earth is the sun (solar energy). By using a solar cell
(photovoltaic cell), the irradiation of solar energy can be converted into electric energy.
The solar cells arrangements will form a solar module. The solar modules can be arranged
to achieve a solar panel. A solar array in N × M structure can be further obtained by
utilizing the solar panels. Every form of solar array will have different power curve char-
acteristics, which depend on the configuration and the size of the solar array. Moreover,
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the technology used to manufacture the solar cells and external working environment can
also affect the solar array power characteristics.

The current technologies used for solar cell manufacturing have unfortunately a draw-
back. As the open circuit voltage of the solar output terminal is higher, then energy loss
will happen, because some parts of energies are transformed into thermal energy instead
of electric energy. Therefore, the electric current will be reduced, while the thermal energy
increases. Thus, the power will also be dropped accordingly. Fortunately, at every differ-
ent solar array installation and environmental condition, there is a voltage point, where
the solar system operates at its maximum (peak) power point. The maximum power
delivery can be achieved continuously by maintaining the solar system output voltage to
operate at this expected point.

A photovoltaic system that supplies power to alternating current (AC) loads and direct
current (DC) loads is presented in Figure 1. The main discussion domain of this paper
as presented in the figure is the maximum power point tracking (MPPT) module. This
is an important part of a charge controller unit. In the MPPT module, a specific MPPT
algorithm is embedded, which is used to control the solar system in such a way that it
will always operate at its maximum power point. This paper will discuss and propose
algorithms to maintain solar power operation at the peak point. The proposed algorithm
is named as peak bracketing and decremented windows-size scanning, which require lower
number of scanning steps to find the expected maximum power point during normal and
partial shading conditions.

Figure 1. Photovoltaic-based home-scale power system generation with
DC and AC transmission

Since most of renewable energies produce DC power, including the photovoltaic cells,
then DC power lines would be interesting electric installation for future homes. The stan-
dard DC voltage should be determined for future implementation, such that all consumer
electronic producers can set the DC input terminal voltage of their products to follow the
standardized voltage. Nevertheless, this issue is not further discussed in this paper.

The remaining sections of this paper are organized in the following. Some literature
papers related to our current research and the contribution of this paper are explored in
Section 2. The system architecture and the simulation setup are presented in Section 3.
Section 4 discusses the simulation results for some different resistance loading conditions
and shading scenarios. Finally, the conclusion and a few outlooks for further system
development are presented in Section 5.
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2. Related Works. Some techniques or methodologies to realize an MPPT algorithm
are presented in literature. The techniques for examples are perturb and observe (P&O)
technique [1, 2, 3, 4], P&O hill climbing method, incremental conductance [5], fractional
open-circuit voltage, fractional short-circuit current, fuzzy logic method, neural-based
method, ripple correlation control [6], back-stepping sliding mode control [7] look-up
table techniques, one-cycle control technique, and feedback of power variation techniques
[8]. An extreme seeking control method is another technique that is closely related to the
ripple correlation control method and P&O method [3, 9].

A general problem in the applications of solar power generation is partial shading
(partial shadow). Some particular techniques are proposed to overcome the problem,
which are designed directly in the considered MPPT algorithms [10, 11, 12]. A power
curve characteristic of a solar array with a partially shaded surface is presented in Figure 2.
When partial shadow caused by, e.g., cloud shadows is partially applied to the solar array
panel surface or materials deployed uniformly on the solar surface, a few local maximum
power points (MPPs), besides a global MPP, will probably appear at the power curve.

Figure 2. Power curve characteristic of a partially shaded solar array

Fractional short-circuit current [13], fractional open-circuit voltage and look-up table
techniques are simple but cannot cover well the partial shading problem. The work
in [11] attempts to improve the traditional fractional open-circuit voltage (VOC), which
states that the expected voltage V ∗ that delivers a maximum power is located at 0.8VOC .
The method predicts and corrects the expected voltage V ∗ by using a set of equations.
However, this method neglects the load conditions. The change of loads can significantly
change power curves. When load changes are involved by the work in [11], more complex
prediction equations will be needed. Since load conditions are not predictable in practice,
then the set of requested equations will be infinity. In contrast to the above method, our
proposed algorithms do care about the load changes with no extra program coding. In
other words, the problem has been implicitly taken care in the existing MPPT control
algorithms.

Some non-conventional or artificial intelligence (AI) techniques can also be used to
overcome the partial shading problem. A few of them are, e.g., fuzzy logic, neural-based
approaches and particle swarm optimization (PSO) method [14] or combination of them
with P&O method [15], with scanning and store algorithm [16], and fuzzy-PI method
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optimized with genetic algorithm [17]. Once shading condition measurement values are
co-related with memorized conditions, the AI method can find fast the expected power
point. The AI techniques, unfortunately, require pre-study of the solar array configuration
[6]. By using fuzzy logic techniques, base knowledge about the solar array should be
achieved previously. In the MPPT algorithm using neural-based techniques, the MPPT
module and solar arrays should be pre-trained in advance with large number of training
data. The training data are obtained from the pre-study of the solar array configuration.
Although genetic algorithm can be used to optimize the fuzzy method performance, an
extra optimization computing will increase the complexity and computing cost of the
MPPT algorithm.

The most used MPPT technique to solve the partial shading method is P&O technique.
The P&O techniques do not require such base knowledge and pre-training. The P&O tech-
niques used in our algorithms operate based on decremented step-size duty-ratio scanning
or duty-ratio perturbation. Our approach is similar to the work in [18], but the difference
is based on the used perturbing signal. Generally speaking, a perturbing signal can be
made in the form of duty ratio of a pulse signal applied to the gate of a power MOSFET
in the DC/DC converter, perturbing current and perturbing voltage. The work in [18]
uses current subject as the perturbing signal, while our proposed algorithms use duty-
ratio as the perturbing signals. Our proposed MPPT algorithms, which are divided into 3
algorithms namely decremented-window-size scanning (DWS), peak bracketing (PB) and
PB with initial scanning (PBIS) algorithms, fall into the class of P&O method as the
improvement of traditional P&O hill climbing method. Our proposed MPPT algorithms
can accelerate the global MPP finding. The P&O hill climbing method uses a very simple
approach, but it can potentially be locked at a local maxima.

In our proposed MPPT algorithms, the power is measured at the output terminal of the
DC/DC converter. Therefore, a voltage and current sensor are installed at the terminal.
The multiplication of both sensor signals will produce a power signal. This is the main
unique design approach of our proposed MPPT techniques compared to existing MPPT
methods. Many research works measured the power from the solar array terminal such as
in [2, 4, 10, 12, 18, 19, 20]. The maximum power points of the power curves measured from
the solar array output and the converter output will not always be at the same duty cycle
point. Based on our specific consideration, we prefer to choose the power measurement
from the converter output, since this power is more actual for the users point of view.
Moreover, the current at the solar array output has ripple whose frequency is high and
equal to the switching frequency for the used DC/DC converter. This ripple causes a bad
current sensor operation. It can shorten the sensor lifetime and induce extra switching
power losses.

3. The Algorithms and Simulation Setup. The photovoltaic system discussed in this
paper consists of a photovoltaic array, a boost-type DC/DC converters and an electronic
control unit (ECU). The output voltage and current at the solar output terminal or at
converter output terminal are observed after perturbing the DC/DC converter with a
pulse waveform having a certain duty ratio. A specific algorithm, embedded on the ECU,
is then required to find the best perturbing duty ratio in such a way that the solar system
reaches a global MPP. Regarding the partial shading problem, this algorithm should not
bring the system working in the unexpected local MPP. The descriptions of the proposed
iterative scanning-based algorithms and the simulation setup is described in the following
subsections.
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3.1. The MPPT algorithms. This section describes the proposed MPPT algorithms,
which operate using the P&O methods. Each MOSFET gate of the DC/DC converter
is perturbed with a pulse signal having D percent of duty cycle. After a few cycle time,
the output power of the system is observed. The techniques to find the best perturbing
duty cycle D∗, which delivers the expected global peak power point, are presented in the
following subsections.

3.1.1. Decremented window scanning (DWS). The decremented window scanning (DWS)
algorithm traces the global maximum power point of the photovoltaic system by reducing
the range of the scanning domain for each iteration. The scanning domain is related to
the duty cycle percentage of the pulse signal for the DC/DC converter. While its co-
domain unit is the converter’s output power in Watt. For ND number of scanning points,
then the same ND number of domain segments is achieved. A segmented domain, whose
maximum power point is in its range, is then selected as the new decremented or smaller
size scanning domain. By iteratively finding and reducing a new segmented scanning
domain, the best perturbing duty cycle D∗, which gives a global peak power point P ∗,
will be finally found.

3.1.2. Peak bracketing (PB). The peak bracketing (PB) algorithm traces the global max-
imum power point by bracketing the peak power point with three duty cycle points, i.e.,
a left duty cycle and power point (DL, PL), a right duty cycle and power point (DR, PR),
and a center duty cycle and power point (DC , PC). A bisection method can be used to
reduce the tracing domain, or to bracket a higher and higher power point inside a new
smaller domain of searching area. The higher power point at each step is assigned as the
new center power point PC for next step. The best perturbing duty cycle point D∗, which
gives a global maximum power point P ∗, can be finally found by reducing the domain of
searching for each iteration.

3.1.3. Peak bracketing with initial scanning (PBIS). The peak bracketing with initial
scanning (PBIS) algorithm is designed based on the combination of the DWS algorithm
and the PB algorithm. The combination is aimed at reducing the cycle times to find the
expected global maximum power point P ∗. For the first phase, the DWS algorithm is used
to find a new smaller size segmented domain of searching. Afterwards, the PB algorithm
is used to bracket and find the best perturbing duty cycle point D∗, which gives a global
maximum power point P ∗.

3.2. Simulation tools and configuration.

3.2.1. Simulation tools. Another important tool in the MPPT research and development
is the solar cell system modelling. Some works such as in [13, 19] and many others use
a numerical computing software such as Matlab program or Simulink tool to model their
solar cell system to investigate the characteristics of the solar cell system.

In our current paper, the combination of SPICE and a numerical computing software
tool is used. The solar cell array and the DC/DC converter are firstly modelled in SPICE.
The SPICE circuit model of the PV cells/arrays is equivalent with conventional crystalline-
based PV cells [21]. Since SPICE is widely used by electronic manufacturers in industries,
the computed powers, voltages and currents should approximate better the real conditions.
The power curve characteristic (curve’s slope, local and global maxima) of the solar array
and the converter is then generated and transformed into power characteristic data that
can be simulated using the numerical software tool. Our proposed MPPT algorithms are
then used in the software tool to explore and analyze the performances of the proposed
MPPT algorithms, i.e., decremented window-size scanning (DWS), peak bracketing (PB)
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and PB with initial scanning (PBIS) are verified. Using the combination of the SPICE
and the software tool, the simulation time can be shortened.

3.2.2. Simulation configuration. The diagram of the simulation setup is presented in Fig-
ure 3. The photovoltaic is arranged in 3×2 array (3 modules in series in 2 parallel paths).
The solar modules are modelled in SPICE and each panel can be excited with changeable
solar polar irradiance in W/m2. The solar array parameters of the solar configuration
are presented in Table 1. Although we select only the solar array with about 300 Wp,
the solar array structure can be scaled up for larger power capacity. The selected solar
array size is also moderate in terms of simulation time. Larger solar array capacity will
result in larger SPICE simulation nodes and loops, which can lengthen simulation time.
Moreover, the other important point is that the selected solar array structure is enough
to configure several partial shading scenarios to test in simulations the proposed MPPT
algorithms. The proposed MPPT algorithms can principally trace the global MPP on
similar or almost similar power curve forms with smaller and larger power scales.

Figure 3. The simulation setup

Table 1. The specification data of the simulated solar array (3 × 2)

Solar Array Parameter Values Unit
Open Circuit voltage (VOC) 65.00352 Volt
Short Circuit Current (ISC) 6.1000 Ampere
Voltage at max. power (Vmp) 51.9200 Volt

Maximum power (Wmp) 302.7270 Watt
Current at max. power (Imp) 5.8307 Ampere

The variable irradiance values represent the partial shading conditions. Solar module
having greater shading will have lower solar irradiance. The variation of this solar irra-
diance is then used to set up several partial shading scenarios as presented later in the
simulation results (Section 4).

The P&O technique is equipped with a DC/DC converter besides an electronic control
unit (ECU), where the MPPT algorithm is embedded on the ECU as shown in Figure 3.
Some works or research articles such as in [20, 22] use a boost type DC/DC converter.
We also use this converter type and the P&O technique in our work.
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The boost-type DC/DC converter is used virtually to manipulate the output impedance
of the photovoltaic systems in such a way that it will match the input impedance of the
photovoltaic panel. The output impedance is manipulated by changing the duty cycle
ratio of the pulse signal for the MOSFET’s gate terminal. The MOSFET driver is used
to drive the gate of the power MOSFET M . The inductance of the inductor L is 150 µH.
The capacitance value of the electrolyte capacitor C is 220 µF.

4. Simulation Results. In this section, we simulate the power characteristic curves
at the DC/DC converter output terminal for different resistance load parameter values.
The power curves represent the relationships between the perturbing duty-ratios and
the output power of the converter. Five scenarios, as presented in Table 2, are used
to analyze the power characteristics, i.e., a scenario without partial condition, and four
scenarios with different partial conditions. Certainly, there are so many possible partial
conditions to configure. However, only a few conditions are selected, in which some of them
have represented unique power characteristics with different local and global MPPs. For
example, partial shading scenario 4 presents a partial shadow condition where the upper
and lower parts of the solar array panel receive smaller non uniform solar irradiances.
The scenario presents power curves with local and global MPPs.

Table 2. Partial condition scenarios for simulations

Shading Condition
Irrad1 Irrad2 Irrad3 Irrad4 Irrad5 Irrad6
W/m2 W/m2 W/m2 W/m2 W/m2 W/m2

No partial shading 1000 1000 1000 1000 1000 1000
Partial shading 1 200 500 1000 1000 400 1000
Partial shading 2 1000 300 400 1000 200 500
Partial shading 3 100 800 400 200 1000 500
Partial shading 4 300 200 800 1000 100 400

4.1. Power points characteristics. The following subsections present the power curves
of five shading scenarios. The power curves are generated from perturbation of PWM
signals modulated from 0 to 100% duty cycle for different resistance loads connected to
the DC/DC converter output terminal.

The power characteristic curves of the DC/DC converter’s output for the scenario with-
out partial shading with different resistance load parameters is presented in Figure 4(a).
It seems that power curves for load resistance values of 20Ω and 80Ω present local MPP.

Figure 4(b) presents the power characteristic curves of the DC/DC converter’s output
for the partial shading scenario 1 with different resistance load parameters. It seems that
power curves for load resistance values of 10Ω, 20Ω, 30Ω and 40Ω present local MPP.

The power characteristic curves of the DC/DC converter’s output for the partial shading
scenario 2 with different resistance load parameters are shown in Figure 4(c). It seems
that power curves for load resistance values of 20Ω, 30Ω and 40Ω present local MPP.

Figure 4(d) shows the power characteristic curves of the DC/DC converter’s output for
the partial shading scenario 3 with different resistance load parameters. It seems that
power curve for load resistance value of only 10Ω presents local MPP.

The power characteristic curves of the DC/DC converter’s output for the partial shading
scenario 4 with different resistance load parameters are given in Figure 4(e). It seems that
power curves for load resistance values of 20Ω, 30Ω, 40Ω, 60Ω, 80Ω and 100Ω present local
MPP.



1022 F. A. SAMMAN, A. A. RAHMANSYAH AND SYAFARUDDIN

(a) No shading (b) Partial shading 1

(c) Partial shading 2 (d) Partial shading 3

(e) Partial shading 4

Figure 4. Power characteristic curves of the DC/DC converter’s output
for five shading scenarios with different resistance load parameters
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4.2. Performance comparisons of the MPPT algorithms with load condition
changes. In this section, we will compare the performances of the three MPPT algo-
rithms described before, under the five partial shading conditions that have been also
explained before. The simulation is run in the following scenario. The algorithms are
run for certain resistance load value. Then, when the algorithms converge into a certain
power point, which is hopefully a global maximum power point, then the resistance load
values is changed. Five resistance loads are used in the simulation scenarios, i.e., 10 Ω,
30 Ω, 60 Ω and 1 kΩ. Changes are made four times. For each resistance load value, each
MPPT algorithm made about 40-50 perturbations-and-observation or P&O steps.

The duty cycle is set to 0.00 for 0.00% duty ratio, and 1.00 for 100.00% duty ratio. The
digital duty ratio in decimal unit (decimal-coded digital duty ratio) is presented in tables
at the consecutive figures. The decimal-coded digital duty ratio is used to simplify later
the digital implementation of the algorithms. We assume that 10-bit digital duty ratio
is used. Hence, 0.00% duty ratio is related to 0 decimal-coded digital value and 100.00%
duty ratio is related to 1023 decimal-coded digital value.

Figure 5 presents the comparison between the MPPT algorithms to reach the maximum
power point for the scenario without partial shadow. The DWS algorithm requires about
(in average of) 42 P&O steps to reach the maximum power point. The PB algorithm
requires about 26 P&O steps, while the PBIS needs about 41 P&O steps. The table on
the right-hand side of the figure summarizes the reached steady-state points of the global
MPPs with their related duty-ratio points using the proposed MPPT algorithms.

Figure 5. The computing iteration and the table for the last iteration
values of the maximum power point tracing for condition without partial
shading

Figure 6 presents the comparison between the MPPT algorithms to reach the maximum
power point for partial shading scenario 1. The average P&O steps, that are required to
reach the maximum power point, are almost the same as the results without partial
shading. The reached steady-state points of the global MPPs with their related duty-
ratio points using the proposed MPPT algorithms are summarized by the table on the
right-hand side of the figure.

Figure 7 presents the comparison between the MPPT algorithms to reach the maximum
power point for partial shading scenario 2. In this scenario, for the 30 Ω resistance load,
the DWS and PBIS algorithms reach the maximum power point of 113.6696 W with duty
cycle of 0.3994, while the PB algorithm reaches 113.572 W with duty cycle of 0.0498. It
seems that the PB algorithm attains the local MPP, although this local MPP is slightly
different from the global MPP, which is achieved by the DWS and PBIS algorithms. The
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Figure 6. The computing iteration and the table for the last iteration
values of the maximum power point tracing for partial shading condition 1

Figure 7. The computing iteration and the table for the last iteration
values of the maximum power point tracing for partial shading condition 2

Figure 8. The computing iteration and the table for the last iteration of
the maximum power point tracing for partial shading condition 3

table on the right-hand side of the figure summarizes the global MPPs with their related
duty-ratio points reached using the proposed MPPT algorithms.

Figure 8 presents the comparison between the MPPT algorithms to reach the maximum
power point for partial shading scenario 3. In this scenario, all of the MPPT algorithms
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can reach the same global MPP. The reached steady-state points of the global MPPs with
their related duty-ratio points using the proposed MPPT algorithms are summarized by
the table on the right-hand side of the figure.

Figure 9 presents the comparison between the MPPT algorithms to reach the maximum
power point for partial shading scenario 4. For the 60 Ω resistance load, the DWS and
PBIS algorithms reach the maximum power point of 74.915 Watt with duty cycle of 0.75,
while the PB algorithm reaches 67.3468 W with duty cycle of 0.0996. It seems that the
PB algorithm attains the local MPP, which is quite large (about 7.5682 W) compared to
the global MPP achieved by the DWS and PBIS algorithms. The table on the right-hand
side of the figure summarizes the steady-state points of the global MPPs with their related
duty-ratio points, which are reached using the proposed MPPT algorithms.

4.3. Performance comparisons of the MPPT algorithms with runtime shad-
ing condition changes. In this subsection, the MPPT algorithms are tested with the

Figure 9. The computing iteration and the table for the last iteration
values of the maximum power point tracing for partial shading condition 4

Figure 10. The computing iteration and the table for the last iteration
values of the maximum power point tracing for fixed loading with shading
condition changes
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changes of shading conditions at runtime. As presented before, there are five bench-
marked shading conditions. During the simulation run, shading condition is changed in
every about 40 until 50 P&O steps. Figure 10 shows the simulation results. The table
on the right-hand side of the figure summarizes the steady-state points of the reached
MPPs using the MPPT algorithm. As shown in the figure, all tested MPPT algorithms
can reach the same global MPPs with also the same duty-ratio perturbations.

Measurement values of the number of P&O steps required to reach the steady-state
global MPPs depend on the shading and loading conditions. However, from some simula-
tion results, these values can be estimated in average. Table 3 summarizes the measured
values for 4 different P&O-based MPPT algorithms. We can see that the PBIS MPPT al-
gorithm presents the best minimum average P&O steps (about 26 P&O steps in average)
to reach the global MPPs.

Table 3. The average performance comparisons between 4 P&O MPPT algorithms

P&O Algorithm Hill Climbing DWS PB PBIS
Averg. Numb. of P&O steps 259 42 26 38

The simulation results have presented that, for some partial shading conditions, the
proposed MPPT algorithms presented almost similar performance. In some cases, they
can trace the maximum power points, even when the parameter values of the resistance
loads change during simulation runtime. However, there are still some different results
achieved by using the PB algorithm. The PB algorithm reaches a local MPP for a few
case.

In terms of accuracy, the DWS and PBIS algorithms present better performance com-
pared to the PB algorithm. However, in terms of speed, the PB algorithm presents the
best results. It requires about 26 P&O steps in average to reach the MPP using the PB
algorithm. The DWS algorithm requires about 42 in average to reach the global MPP.
Meanwhile, the PBIS algorithm can achieve the global MPP by making about 38 P&O
steps for its best performance. We must note that the minimum number of P&O steps
to reach global MPP can be different depending on the forms of power curves, such as
the curve slope and the number of local MPP appearing on the curves. In general, the
proposed MPPT algorithms highly outperform the P&O hill-climbing algorithm. Table 3
presents the average number of P&O steps required to reach the global MPPs for the
traditional hill-climbing algorithm and our proposed algorithms.

5. Conclusions. This paper has presented three proposed P&O MPPT algorithms,
which operate based on iterative power point scanning technique. The boost-type DC/DC
converter is used to control the solar system operating at its maximum power point, where
the reference power is measured at the DC/DC converter output terminal. The maximum
power points of the power curves measured from the solar array output and the converter
output terminals are not always at the same duty cycle point. The power measurement
should be done from the converter output, because this power is more actual for the users
point of view. Additionally, the current at the solar array output terminal has ripple
whose frequency is high and equal to the switching frequency for the used DC/DC con-
verter. This ripple is not good for long term current sensor operations, can shorten the
sensor lifetime and induce extra switching power loss at the sensor.

The main advantageous characteristic of our MPPT algorithms is the need for small
number of iterative P&O steps to reach global MPP, resulting in a small computing delay.
When a hardware implementation needs 1 µs to finish one P&O step, then, with 38 P&O
steps, the PBIS MPPT algorithm could reach a global MPP about 38 µs in average, a
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small computing delay value. Thus, the iterative scanning-based MPPT algorithms can
be further embedded in a microcontroller or FPGA device with relatively low computing
energy demand due to the small size of computing iteration.

The other advantageous features of our proposed MPPT algorithms are their ability
to respond the rapid changes of partial shading and load conditions, as well as their
independence from solar technologies. When a new solar array with different technologies
is installed, we do not need to reconfigure algorithms or to re-train the algorithms like
fuzzy logic, neural network or AI methods [6, 8]. The only thing to do is to scale up/down
properly the voltage/current measurements such that the sensed signals can be calibrated
and further processed well.
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