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Abstract: Due to increase in global warming, it is required to choose an alternative renewable energy source for the
electricity generation. Among various renewable energy sources (RES), photo-voltaic energy is one of the most accessible
source of energies. But the conversion rate of solar PV cell is about 25 % to 40 % of solar irradiation level. In Solar
Photovoltaic (PV) system, to improve and maximize the operating efficiency level, Maximum Power Point Tracking (MPPT)
techniques were required. Because of the change in the level of solar irradiance, and the nature of dynamic temperature, this
MPP tracking will be highly important to make the solar PV system (SPS) to operate at higher efficiency level. This MPPT
method is mainly categorized into three different types such as direct method, indirect method and intelligent method. This
paper will gives and overview about various MPPT methods employed for solar PV system. Various controlling algorithms
were discussed in this section for a better understanding.

Keywords: Maximum Power Point Tracking (MPPT), Photovoltaic (PV), Solar PV System (SPS)

1. Introduction

In the contemporary years, stand alone and hybrid solar PV system installation was increased among the
individuals. Because of increase in demand of coal, petroleum, natural gas, oils and energy demand, an
alternative source of energy is required. Also, the environment factors are to be considered in order to reduce the
pollution. To overcome these problems, non-conventional or renewable source of energies like solar energy,
wind energy, biomass, hydro, etc are comes into picture. Among various energy sources, solar PV system plays
significant role in the electric energy generation. The main advantages of the solar PV system are no carbon
emission, abundant in nature, less maintenance, environment friendly and no need of fuel. Due to these
advantages, this solar PV system is more widely deployed as distributed generation system.

Even though there are many advantages, the implementation of SPS is a great challenge due to its installation
cost. Further the SPS does not give a constant output to the load because of partial shading conditions, irradiation
level of solar and environmental temperature. Also, the conversion efficiency rate is less. In order to overcome
the above problems, it is mandatory to design and develop a MPPT algorithm which could be used for extorting
highest power from the panels of PV. The important aim of this paper is to bring a new optimization algorithm
which will extract utmost power generation from solar PV system during various environmental situations.

2. Solar Cell Characteristics

The solar cell converts the light energy into electric energy directly. Solar cells are basically made from
semiconductor materials. Photovoltaic (PV) cells are generally made of silicon material which is mainly
designed to absorb photons from sun light and convert them into electric energy. The main important electrical
attributes of PV cell or module are explained with the assistance of the accompanying parameters.

First, current due to the intensity of solar irradiation and second is the voltage which is mostly independent of
intensity of light. These two parameters will tell us about the conversion rate or effectiveness of a solar PV cell.
Sort-circuit current of PV cell during maximum irradiance level is represented as Iy It is the maximum current
delivered by the PV cell without creating any damage to the solar cell during short-circuit condition. It is the
ratio between maximum short circuit current to the surface area exposed to the light intensity. V. is called as
open-circuit voltage of photovoltaic cell without connecting any load. The V.. value of single solar cell is
ranging from 0.5 V to 0.6 V. The relationship between the open-circuit voltage and the short-circuit current is
explained in graph.
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Figure 1. Characteristics of Photo Voltaic Cell
2.1. Maximum Power Point Tracking

There was very low conversion rate in the PV arrays. To build the productivity rate of PV board, the
Maximum Power Point Tracking (MPPT) control method was needed. This is an automatic technique of control
method that will automatically adjust the interfacing power system and achieve highest power production
through the solar PV system during various conditions of sunlight. By utilizing the MPPT algorithm, the solar
PV operating voltage will adjust very near to the MPP due to the change in environmental conditions. Because of
this reason, the MPPT controller becomes the heart of solar PV conversion system. This paper will provide an
idea about the different techniques, methodologies and implementations of MPPT controller for the grid-tie and
independent PV system. The intelligent methods are used to improve the efficacy rate of the solar power
conversion in addition to reduce oscillations at MPP under steady state condition. Moreover, by using the
intelligent techniques, the tracking of MPP is very fast when compared with the conventional methods. Different
types of MPPT algorithms have its own advantages and disadvantages, which could be seen one by one in this

paper.
2.2 Types of MPPT Algorithm

The MPPT techniques are more important in Solar PV system for extracting the high power during its
operation. The different kinds of MPPT techniques were listed here for better understanding.
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Figure 2. Classification of Optimization Algorithms
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3. Various Types of Optimization Algorithm
3.1 Constant or Offline Methods

There are many offline methods of MPP tracking algorithms were developed namely constant (open-circuit)
voltage, curve-fitting method, numerical methods, short-circuit current method and look-up table methods. These
offline methods are more effective and efficient for lower rating PV systems. Also, it has less cost effective and
easy implementation due its simplest structure. These methods give the measurements in a very precise manner
which is the main advantage of these techniques. Fast tracking speed and steady state operations during the
change in irradiance level and temperature level are also the advantages. But these techniques are not viable and
not suitable for higher rating PV systems. To overcome these disadvantages, direct or online methods will be
developed which ensures the optimal efficiency.

3.2 Direct or Online Method

The Direct or Online methods are notable as Model Free technique. In these methods, the instantaneous
attributes of solar PV system voltages and currents are measured which could be used for the generation of
control signals. Many online methods are encountered like P&O (Perturbation & Observation) Method, IncCond
(Incremental Conductance) Method, Differentiation based method and Power Feedback methods. More number
of researches were done in this context and develop a real-time controllers due its accuracy. Out of these, P&O
method could be implemented with reference voltage magnitude and current magnitude from the solar PV panel.
It is the most widely used approach among the other methods. PWM technique is used in this method for the
generation of control signals. But in IncCond method, the incline of solar PV attributes were used in generating
the control signals. During MPP, the incline of PV characteristics are equal to zero. For smaller data of power
output, the slope is positive and for the greater data of power output, the slope is negative.

Even though there are many advantages in these online methods, there are some disadvantages. In P&O
method, the tracking is somewhat slower during smaller perturb steps and there is an oscillation but faster
tracking during higher perturb steps. When compared with the traditional methods of MPPT, these methods are
more complex for the implementation. In P&0O method, there are some oscillations under steady-state condition
which occurs during the peak point power tracking. This is due to the continuous perturbation changes in the
direction to maintain the MPP during the partial shading condition also under dynamic irradiance level. This
lessens the proficiency of the system and also increases the power loss. While in IncCond method, by choosing
bigger step size which reduces the time of tracking but the oscillations will remains there.

Also in other side, smaller step size enhance its efficiency level by reducing the fluctuations under changing
irradiance level. But, there is a reduction in the tracking speed of solar PV system. The Ripple Correlation
Controller Method result in more complexity of implementation due to its derivative components. To overcome
all these disadvantages, intelligent control methods are used and furthermore the system dynamic performance
increases periodically.

3.3 Intelligent Control Methods

In order to have a very high working outcome of solar photovoltaic system, the MPPT methods were applied
to the control over the exhibition of the PV framework under consistent state and dynamic conditions. So many
intelligent control methods were developed and implemented, such as Artificial Neural Network, Cuckoo Search
Optimization, Firefly Algorithm, Artificial Bee Colony, Car Swarm Optimization, Fuzzy Logic Control, Ant
colony Optimization, Grey Wolf Optimization and goes on.

Also many hybrid techniques were evolved by combining the above methods which eliminates the
disadvantages in each method. This soft computing techniques were used in the MPP tracking due to its fast
response of tracking, and also reduces the fluctuations during dynamic conditions. ANN is one of the Machine
learning techniques which resembles the human biological nerve system. In ANN, the convergence rate is fast,
and it has the ability to handle the non-linearity conditions. But the system implementation requires high cost
when compare with other systems.

Fuzzy Logic control method replicates the expert knowledge of human to make the control signal decisions.
The unknown system is treated to model the non-precise data with experience knowledge and rule based. The
time-consumption is more in this method and also it is very complex to implement.

Among many intelligent control methods, the recently developed Grew Wolf Optimization technique is more
effective and efficient in tracking. Constraints such as lesser tracking efficacy, oscillations under steady-state
condition and transients during operations are eliminated by implementing this GWO method. During partial
shading conditions, this GWO gives a very good working efficiency of photovoltaic system.
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3.4 Grew Wolf Optimization Technique

The new method of optimization technique is introduced based on the nature inspired meta-heuristic
algorithm called Grey Wolf Optimization (GWO) technique. The natural hunting mechanisms and leadership
behavior of grey wolves are described to develop the mathematical model of GWO algorithm. By considering
the grey wolves, the hunting mechanisms are approached as mathematical models with the pinnacle of food
chain. There were four different varieties of wolves like Alpha wolf (o), Beta (B) wolf, Delta (6) wolf and
Omega (®) wolf. When compared these wolves with the mathematical model of MPPT algorithm, the first fittest
solution the alpha and beta is the second fittest solution and then the third is the delta. The last one omega are the
candidate solutions, and which can be entitled to use for next iterations.

In GWO, there are three important steps to be incorporate as per the hunting mechanism. First hunting,
chasing of prey, and monitoring of prey, secondly encircle the prey and the last attacking prey. The above said is
implemented for the GWO optimization to track the MPP. Mainly the alpha wolf is guide the rest of the wolves
and act as a leader. While beta wolves and delta wolves will follow the instructions from the alpha. Omega
wolves are continuously participate in the hunting mechanism by fix the boundary area of the prey. In case, the
alpha wolves are not available due ageing, beta wolves will act in the position of alpha wolf. That is the first
fittest solution is not available due to any error or unavoidable condition, in such case, the second fittest solution
(beta) will be considered as the fittest solution.

This emerging optimization technique will results in quick convergences. The meta-heuristic optimization
algorithms are growing more among the researchers due the following advantages: (i) simple to execute with its
basic concepts, (ii) easy convergence with large amount of data, (iii) does not require gradient information and
(iv) solution accuracy is high with less controlling parameters. Lower tracking efficiency, oscillations during
steady-state condition and transients during operation are the major issues faced during MPPT of solar PV
system (SPS) by using other optimization techniques. This GWO technique will definitely overcome the above
issues and explore the best solution for the complicated MPPT problems in solar photovoltaic system. This
GWO mathematical approach will enhance researchers to apply it for different optimization problems.

4. Conclusion

The important privilage of utilizing the solar energy is to provide the solution for the environmental impacts,
and also for the demand of electrical energy. Due to the recent development of various MPPT algorithms, there
is an improvement in efficacy of the photovoltaic system. In this paper, different MPPT optimization methods
for the SPS are talked about and a broad overview was given. The present MPPT methods were utilized to
enhance the effectiveness of PV system by including different types of control strategies, circuit elements, and
end user applications. This paper gives an idea for the possible ways and means for selecting a particular MPPT
technique for a specific process both in grid-tie mode and in independent mode of working.

It is noted that the IncCond and P&O methods are easy to implement under lower rating of solar PV system.
But they have less tracking efficiency. In order to eliminate the above disadvantage, fuzzy logic control, neural
network, ant colony optimization and other intelligent control methods were introduced and implemented. Even
though they are much better than P&O and IncCond methods, they have fluctuations during operation which is
one of the main drawbacks in these systems. By using the GWO technique, it had the option to follow the peak
power point during partial shading situations, dynamic temperatures and also during dust conditions. This
heuristic development of GWO MPPT algorithm kindle an interest in researchers to develop a new hybrid
optimization technique for the improvisation of SPS efficiency.
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