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Abstract: The decreasing cost of photovoltaic (PV)
panels and the availability of power electronic
converters have led to a worldwide growth in
isolated and interconnected power systems for
reliable power utilization. To extract the maximum
power from solar PV, maximum power point
tracking (MPPT) controllers are needed to operate
the PV arrays at their maximum power point under
varying environmental conditions. Generally, partial
shading is classified as either aperiodic or periodic
shades. The former is mostly due to clouds, whereas
the latter are mainly due to poles, buildings, trees,
and towers, places where the shade occurs daily and
in a regular manner. This work presents a novel
MPPT (maximum power point tracking) algorithm,
based on a GA (genetic algorithm) and conventional
P&O technique. When photovoltaic systems are
affected by partial shading, a global maximum
power point tracking algorithm is required to
increase the energy harvesting capability of the
system.

The results demonstrate that the proposed algorithm
outperforms conventional techniques in case of
partial shading detection problem. The proposed
method is guaranteed to find periodic shade and the
global maximum operating point, avoiding the local
operating point obstacle. Using MATLAB, the
algorithm is implemented and tested in a simulation
model.

Keywords: Partial Shading Condition, MPPT, Solar
PV, P&O, Genetic Algorithm, Matlab, Renewable
energy.

1. Overview
The increasing power demand in the industry and

domestic sector leads to the utilization of renewable
energy sources. The disadvantage of non-renewable

energy sources is exhaustible and also producing
pollution. Photovoltaic energy, among the various
renewable energy sources has many advantages (like
itis) such as pollution free, easy to maintain, absence
of gas emission and no fuel cost. The drawback of
PV system is low efficiency due to change in
environmental ~ conditions  like irradiation,
temperature. Partial shading is also due to shadows
of trees, buildings and towers, passing clouds and
dust. Under Partial Shading Condition (PSC), PV
array exhibits local and global power peaks.
Tracking global power peak is the main challenge
under partial shading condition. Optimization
techniques are used to overcome these issues and to
track the global power peak by determining the best
duty value for the boost converter to extract
maximum power from PV array under partial
shading condition.

2. Literature review

As the world shifts towards renewable sources of
energy, solar power has emerged as a promising
solution to meet the growing demand for electricity.
However, one of the most significant challenges
faced by solar photovoltaic (PV) systems is partial
shading. When solar panels are partially shaded, the
energy output is significantly reduced, leading to a
decrease in power efficiency. To combat this issue,
Maximum Power Point Tracking (MPPT) has
emerged as a popular solution in the industry. This
literature review will delve into the various MPPT
techniques that have been developed to enhance the
efficiency of solar PV systems in partially shaded
environments. We will examine the strengths and
weaknesses of each technique, and how they can be
applied to maximize the output of solar PV systems.
By the end of this review, readers will have a deeper
understanding of the importance of MPPT for
partially shaded solar PV systems, and how it can
help illuminate the shadows.

Sabrina Titri et. al. [1] The Maximum Power Point
Tracking controller (MPPT) is a key element in
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Photovoltaic systems (PV). It is used to maintain the
PV operating point at its maximum under different
temperatures and sunlight irradiations. The goal of a
MPPT controller is to satisfy the following
performances criteria: accuracy, precision, speed,
robustness and handling the partial shading problem
when climatic changes variations occur. To achieve
this goal, several techniques have been proposed
ranging from conventional methods to artificial
intelligence and bio- inspired methods.

Loubna Bouselham et. al. [2] In solar photovoltaic
system, tracking the maximum power point (MPP)
is challenging task due to varying climatic
conditions. Moreover, the tracking algorithm
becomes more complicated under the condition of
partial shading due to the presence of multiple peaks
in the power voltage characteristics. This paper
introduces a novel method to track the global
maximum power point under partially shaded
conditions. The method combines an artificial neural
network controller with a scanning algorithm.

Dimas Aji Nugraha et. al. [3] Partial shading is a
common and difficult problem to be solved in a
photovoltaic (PV) system. Numerous efforts have
been introduced to mitigate this problem. Some
commonly used approaches are deploying some
metaheuristic (MH) algorithm to track the multiple-
peak P-V curve of partially shaded PV system.

Cuckoo search (CS) is a new optimization algorithm
based on the MH approach. It has been used to solve
an optimization problem in many applications,
including the maximum power point tracking
(MPPT) problem..

Hegazy Rezk et. al. [4] A novel statistical
performance  evaluation of most modern
optimization-based global MPPT techniques for
partially shaded PV system is presented in this
paper. In recent years, there has been a growing
attention toward mitigation of partial shading effect
of the PV system through using modern
optimization. The field of tracking MPP of the PV
system attracts huge attention from the researchers,
as it is the best way to increase PV plant efficiency.

Emad M. Ahmed et al. [5] in 2019 discussed that
the integration of photovoltaic (PV) systems with
three-phase four-wire (3P4W) distribution networks
has imposed several challenges related to existing
unbalanced loads, reactive power generation and
harmonics content. In this paper, a multifunctional
distributed maximum power point (MPPT)
controller for grid integration of PV systems is
proposed.

K. Ding, X. Bian, H. Liu, T. Peng [6] in 2019
discussed that the performance of a photovoltaic

(PV) module is mostly affected by array
configuration, irradiance, and module temperature.
It is important to understand the relationship
between these effects and the output power of the
PV array.

Rozana Alik, Awang Jusoh [7] in 2018 presents the
impact of partial shading to the PV system and
proposes an enhanced Perturb and Observe (P&O)
algorithm with a checking algorithm. This checking
algorithm compared all existed peaks on the PV
curve to clarify the global maximum power point
(GMPP). The boost converter duty cycle is
calculated using voltage at MPP (VMPP), identified
through a variable step size P&O algorithm.

Neeraj Priyadarshi [8] in 2018 discussed the
experimental  realization of  grid-connected
photovoltaic (PV) system using dSPACE DS 1104
control board. To obtain high tracking efficiency, an
adaptive Neuro-Fuzzy inference system (ANFIS)-
based maximum power point tracking (MPPT)
algorithm is proposed. The performance of the
system is improved by fuzzy logic control (FLC),
which generates the switching signal to the power
switches of inverter.

Alivarani Mohapatra et. al. [9] in 2017 discussed
that a concise and an organized review of various
maximum power point tracking (MPPT) algorithms
implemented in the photovoltaic (PV) generation
system useable under partial shading condition.
Various algorithms, PV modeling techniques, PV
array configurations and controller topologies have
been widely explored till date.

R. Benkercha S. Moulahoum I. Colak [10] in 2017
discussed that the Grid Connected Photovoltaic
System (GCPV) has become more used system in
renewable energy. Several researches have been
carried out to improve the efficiency and the
decrease of energy losses. One of the important
components used to increase the efficiency is the
DC/DC boost converter.

3. PHOTO VOLTAIC (PV) SYSTEM

In this chapter the modeling and design of overall
system such as PV system, boost converter, load
and MPPT controller has been presented.

i.  Photovoltaic Cell

Photoelectric cell is the semiconductor system that
changes light to electrical power by photovoltaic. If
energy (power) of photon of brightness is superior
than the band gap, then an electron of the system is
emitted also flow of an electron of system forms
current. But the photovoltaic cell is different type
of photo diode, when the light of sun falls down on
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device of cell is converted. Voltage or current by
photo effect however this cell is always forward
biased. Translation of photo - voltaic energy to
electrical and thermal power of system have been
use for many years. To conversion the PV power to
electrical, photo voltaic are used. Photovoltaic
modules make use of the photoelectric effect in
order to directly perform the above conversion.
Solar panels convert solar radiation to electricity
with efficiencies in the vary of 5% to 20%, of
system depend on form of the photovoltaic cell.
Polycrystalline silicon PV cells offer the highest
range of possibilities for applications. For
consequence of their modest price relative to the
mono crystalline silicon cells, and their
considerable stability and efficiency (about 15%).
Furthermore, these cells are sold in type of panels
having dark blue appearance which is esthetically
pleasant. When the temperature of a so PV module
is increased, the efficiency drops. This can usually
result in an efficiency drop off of 0.5% per °C
progress in the cell operating temperature.

ii Equivalent circuit and Mathematical Model

A current source type PV model is discussed in this
section. The equivalent circuit is also shown.
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Fig. 1: The equivalent circuit of a PV array.

Where, Rs is the array series resistance in Ohm,

Rp is the array parallel resistance in Ohm,

I and V are the output current and voltage of the array
in Ampere and Volt.
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Where, I is photo current in Amp,

Is is saturation current in Amp,

Ns and N, are the number of series and parallel
modules respectively,

q is charge on electron in coulomb,

A is diode ideality factor,

T is cell Temperature with change in irradiation in
degree kelvin.

Now,
Ipp = Iser + K X (T-T) %S (2)
T3 axEg (1 1
Lo =, X (?> % e( o, T)) 3)
r

Were, I is Short circuit current at reference
Temperature in Amp,

I+ is reverse saturation current in Amp,

T is reference temperature in Kelvin,

S is solar irradiance in mW/Sq. cm,

Kiis S.C. current Temp. coefficient in (Amp/Kelvin),

K is Boltzmann’s constant,

Eq is band gap energy of semiconductor used cell in
joules, also,

a 2
Ey=Egy — (%) X q (4)
Where, Ego = band gap at Ok and,
AXKXT Ly
= () o
q L

4. An Overview for Maximum Power Point
Tracking

Due to miss-match between power generated by
Solar PV system and load connected, the efficiency
of system is very poor. Certain methods needed to
incorporate with system to increase efficiency. Such
type of methodology of improving/maximizing
power generation of PV system is known as
Maximum power Point Tracking. Since, the V-I
characteristic of Solar PV system is non-linear by
nature, in order to make it utilizable for load, boost
converters are used along with panel. The
synchronization between load and generation can be
done by modifying duty cycle of this converter using
MPP.

In order to plan the control system, the configuration
of PV system is to be understand first. Different
configuration of PV systems is possible like the most
basic one comprised of PV systems suppling power
directly to inverter which is further connected to
grid. Another type of connection is possible in which
instead of suppling whole amount of power to grid,
a part is kept to be stored in battery bank storage. A
third type of configuration is also possible in which
full generated power is stored in battery bank. The
advantage of such system is that we don’t need to
connect each panel with a separate inverter instead
we can have a centralized connection of single micro
inverter for all increasing efficiency by 20 %.

The MPPT systems are connected to those
conversion devices of system which have the ability
to modulate current or voltage of supply generated
by PV panel. This power electronic based device has
the responsibility to convert supply in the form
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according to load demand. As discussed earlier the
MPPT section is performed with converter section.
The point where MPP occurs have a certain value of
current and voltage termed as Impp and Vmpp. The
product this two will eventually give value of
maximum power.

4.1 perturb and observe (P&O) algorithm

The perturb and observe (P&O) algorithm is based
on the observation of the array output power and the
perturbation (increment or decrement) of the power
based on increments of the array voltage or current,
as the name implies. The algorithm constantly
increases or decreases the reference current or
voltage based on the previous power sample value.
The P&O technique is the simplest way for sensing
the PV array voltage, and the cost of implementation
is low, making it simple to implement. This method
has a low time complexity, but as it gets close to the
MPP, it does not step at the MPP and continues to
perturb in both directions. The Perturb and Observe
algorithm is shown in Figure 4.1.
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Fig 4.1 Perturb and Observe algorithm.

The Perturb and Observe algorithm is given below.
Step 1: Measure the dc link voltage and current
Step 2: Calculate the change in dc link voltage and
power

Step 3: Check the slope of the dc link voltage is
greater than a constant k1

Step 4: if dvdc/dt > k1, then calculate AiL using AP
Step 5: if dVdc/dt <k1, then calculate AiL using the
current values of the

last two intervals

Step 6: Check APXAIL >0, then adjust AiL in
positive direction

Step 7: if APXAIL < 0, then adjust AiL innegative
direction

Step 8: Goto step 1

The change in current is used to adjust the duty cycle
of the converter used in the wind energy conversion

system.

4.2 Genetic Algorithm

Genetic Algorithm was envisaged by John Holland
[67] at the university of Michigan, in the 1970s. It is
based on the Darwinian evolution theory of survival
of the fittest which states that the fitter and stronger
individuals in a population have a higher chance of
creating offspring for the next generation by random
mutation and natural selection. It can be
implemented as an optimization search procedure
which uses the principles of genetics and natural
selection by modelling possible solutions to a search
problem as strings of zeroes and ones. Each point in
a parameter or solution space can be encoded by
Genetic algorithm (GA) in a binary bit string, which
is called the chromosome. For example, if a
particular point (8, 5, 7) in a three-dimensional
space, is to be transformed, it can be represented by
a concatenated binary string of 1000, 0101, 0111.
Here each coordinate is encoded by a gene which is
represented by four binary bits. Encoding plays a
key role in determining the GA’s performance as it
helps to translate problem specific knowledge
directly to the GA framework. After the creation of
a generation comprising of these points, each of
these points is also assigned a fitness value which is
given by the evaluated value of the objective
function at that point. Generally positive values of
the objective function are preferred.
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Figure 3: GA algorithm flowchart
5. Result and Discussion

In this section, simulation model of PSC-PV system
designed for P&O MPPT on MATLAB/Simulink is
shown and discussed. The reason to vary the value
of irradiation is to create an effect of cloud, which
hinder the sunlight falling directly on PV array. The
irradiation level varies in following pattern as 1000
225 1000 W/m2. This variation in irradiation leads
to change in output of PV array. The variation in
irradiation moves MPPT to a new point, which need
to be traced. This simulation considers both steady
state and dynamic state response of the system for
sudden change in solar irradiation. In order to obtain
suitable voltage, a set of 66 strings connected in
parallel, with each string comprised of 5 modules is
used. On simulating this model connection along
with control system for MPPT with the help of P&O
MPPT techniques, effect on various parameters like
output power, voltage and current were monitored.

!

Figure 4: Simulation model of system with IP&O
MPPT method

On simulating the model, it is observed that there are
certain transients are generated in the system at the
starting of simulation while converter is drawing
system to MPP. The results were summarized and
compared in table 1.

Table 1: Output Parameters with P&O MPPT

Method
P&O
S.No.| Parameters Method
1. Panel Voltage Vpv (V) 258.41
2. Panel Current lpv (A) 256.46
3. Irradiation (W/m?2) 1000
4, Temperature (0C) 50
5 PV Maximum 91.60
) Power/MPPT (KW)
6 Boost Converter Output | 500.70
’ Voltage (V)
. Boost Converter Output | 253.70
current (A)
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Figure 5: PV array voltage and current with P&O
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Figure 6: Utility grid voltage and current for P&O
MPPT method

Figure 7: PV array maximum power with P&O
Method

Simulation Modeling and Result Analysis of
GA-MPPT Method

In this section, simulation model of PV system
designed for GA MPPT on MATLAB/Simulink is
shown and discussed. The reason to vary the value
of irradiation is to create an effect of cloud, which
hinder the sunlight falling directly on PV array. The
variation in irradiation moves MPPT to a new point,
which need to be traced. This simulation considers
both steady state and dynamic state response of the
system for sudden change in solar irradiation. On
simulating this model connection along with control
system for MPPT with the help of GA MPPT

techniques, effect on various parameters like output
power, voltage and current were monitored.

PR Uity Grid

i

VSC Controlt

Load 110 kar

Figure 8: Simulation model of system with GA
MPPT method

On simulating the model, it is observed that there are
certain transients are generated in the system at the
starting of simulation while converter is drawing
system to MPP. The results were summarized and
compared in table 2.

Table 2: Output Parameters with GA MPPT

Method
3-No. Parameters GA
Method
1 Panel Voltage Vpv (V) 251.81
2. Panel Current Ipv (A) 268.91
3. Irradiation (W/m?2) 2000
4 Temperature (0C) 50
PV Maximum
. 2.2
> Power/MPPT (KW) 92.26
Boost Converter
6. 502.13
Output Voltage (V)
Boost Converter
7 260.82
Output current (A)
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Figure 9: PV array voltage and current with GA
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Figure 11: PV array maximum power with GA
Method

Figure 12: Comparison of PV array maximum
power with GA Method

In this section, results were evaluated from both
P&O and GA methods for both cases under

consideration and values and plot were displayed
through various figures and tables. Values were
calculated at both panel end and Boost converter
end.

6. Conclusion

In this work PV model has been successfully
designed and simulated on MATLAB/Simulink
software. For realizing net output power generation
of this PV system, 2 methods have been proposed
for balancing. These methods are GA and P&O.

When PV irradiation and temperature are kept
varying, the boost converter output voltage
generated by applying both separately is found to be
500.70 V & 501.50 V. In addition, the o/p power
using these two methods for constant irradiation are
found to be 92.26 KW and 91.60 KW respectively.
The result clearly shows that GA method is superior
in comparison with P&O for constant irradiation.

The study is performed with variable irradiation and
temperature. On simulation, the results obtained are
found to give boost converted output voltage of
502.13 V for GA MPPT method and 508.50 V for
P&O MPPT method. In addition, the output power
of boost converter for variable irradiation is found
out to be 92.26 KW for GA and 91.60 KW for P&O
respective only comparison results, GA has clear
upper hand over P&O method in terms of
performance.
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