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Abstract— Solar panels have a trait of nonlinear voltage-

current between a distinct peak energy point that happens 

based on environmental variables such as irradiation and 

temperature. Despite predictable changes in the situation to 

constantly achieve maximum energy through solar panels, the 

solar panels have to operate at MPP. Therefore, each solar 

energy electronic converter's controller utilizes different 

MPPT processes. The process by which the photovoltaic 

modules are built to operate at the optimum output and extract 
more energy from it is referred to as Maximum Power Point 

Tracking Controller (MPPT). In earlier years, several MPPT 

mechanisms were used. But many are very slow; they also 

have some other demerits. Overview of the work that has 

been done by different researchers is described in this paper. 

Index Terms— Photovoltaic System, Maximum Power 

Point Tracking, Solar Energy. 

 

I. INTRODUCTION 

Emissions from greenhouse gasses are decreased through 

advanced nation’s efforts [1]. Photovoltaic (PV) energy 

generation is a crucial job to be accomplished as photovoltaic 

Energy is a green source. After the implantation of PV panels, 

electricity is produced from solar irradiation between releasing 

no greenhouse gases.  In the Life Span of around 25 Years as 

compared to their manufacturing The PV panels generate 

more power [2]. Furthermore, the photovoltaic panels can be 

implanted in remote locations, such as deserts and roofs; in off 

grid also they can produce electricity where electricity 
network is unavailable. Almost all PV power generation 

comes from grid-connected facilities [3]. On the contrary, as 

compared to other resources power generation of PV is very 

expensive because of the machinery needed [3-4]. Improving 

efficiency in photovoltaic to maximize the generated power is 

a important characteristic, as it will increase income, thus 

decreasing the price of the produced power will approach the 

price of the recovered power from various sources. The 

efficacy of the inverter [5], the efficiency of the PV panel [3], 

and the efficacy of the MPPT paradigm these are the three 

variables accountable for influencing the efficacy of a PV 

facility. Improving the effectiveness of the PV panel and the 
inverter is not easy as it depends on the affordable technology; 

it may require enhanced components that could significantly 

increase the implantation price. Rather, it is less difficult, 

costly and should be viable, even in plants used to update their 

control calculation to improve peak energy point (MPP) 

piloting with new control calculations. This would lead to a 

fast rise in the generation of PV energy and consequently a 

reduction in its cost. 

Enhancement of produced energy is accomplished at this 

stage, therefore the control of MPPT are crucial. This point 

happens on the grounds of the panel temperature as well as the 

irradiance conditions. Both situations are changed throughout 

the day, which are also varied based on the season of the year. 

In addition, irradiation can change rapidly due to changing 
environmental circumstances such as clouds. In every possible 

scenario, it is very important to monitor the Maximum Power 

Point properly so that the peak available energy is always 

achieved. In this paper the most commonly used MPPT 

control techniques are reviewed and compared. 

II. MAXIMUM POWER POINT TRACKING  

Renewable energy resource i.e. solar energy can be converted 
into electricity easily by using PV cells. With variation in  

radiation and temperature  the output of the PV panel is 

impacted. With the increase in temp the open circuit voltage 

is decreased and with the increase in the solar irradiation 

intensity the  short circuit current is also incresed. Due to the 
change in irradiance and temperature the I-V and P-V curve 

changes which also alter the MPP. Because of the non-linear 

I-V features, the load characteristics are the major factor on 

which the energy output from a solar photovoltaic system is 

dependent [7]. When PV panel is specifically linked with the 

variable load, its voltage remains variable and therefore 

current and voltage must be continuously monitored to attain 

high energy using MPPT control. MPPT is used with a boost 

converter to track maximum power and by extorting MPP 

from the PV array utilizing MPPT method proficiency of the 

system can be enhanced. 

From the PV system the MPPT mechanism is derived. The 

role of the MPPT system is to maximize available energy and 

there is no mechanical or changing element engaged that alters 

the place of the system so that the system directly faces the 

sun through electrically generating changes in the module 

operating point [8]. 
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INEVITABILITY of MAXIMUM POWER POINT 

TRACKING 

Maximum Power Point is linked between specific voltage and 
current is shown by individual maxima. Using the features 

acquired from energy Vs voltage, the maximum can be 

experiential. Therefore, the peak power is achieved when the 

PV module's overall effectiveness is comparatively less, to 

operate at the optimum power point it becomes an important 

factor. The use of the PV module becomes very effective by 

enhancing the energy. The energy is transferred to the load 

and thus impedance matching within the PV module and the 

circuit is achieved through the DC-DC converter. A variable 

duty cycle is used for the impedance matching the switching 

elements [9] 

MPPT METHOD for PHOTOVOLTAIC SYSTEM 

 

To extract the maximum capable temperature power of the PV 

modules as well as solar irradiance at a specific time interval 

The MPPT mechanism is generally used. To efficiently 

monitor the maximum power point several paradigms are 

produced. Almost all traditional MPPT paradigms have the 

disadvantage of slow monitoring due to reduced utilization 

efficiency. With a variety of MPPT control systems such as 

Perturbation Hill Climbing, Fuzzy Logic Controller Intelligent 

Control (FLCIC) with DC-DC converter, Open Circuit 

Voltage Control (OCVC), power variation feedback with 
voltage method, single-input fuzzy MPP monitoring 

controller, Genetic Algorithm (GA) techniques, Incremental 

Conduct (INC), Artificial Conductance (INC) Solar energy 

efficiency can be improved , The existence of multi-peak 

resulting partial shading curves in PV arrays is normal, where 

it is critical to improve a calculation to accurately track the 

real MPPs of the resulting complicated and nonlinear 

curves[6].

 
Figure 1 Photovoltaic System 

2.1 Curve Fitting (CF)  

The curve-fitting mechanism is classified as an offline 

system, using a pair of power-gaining parameters G and 

parameter X of the environmental procedure. Due to X's 

enhancement, the gain G becomes enormous under 

comparable environmental circumstances. This mechanism 

occurs on the grounds of several PV panel models and 

mathematical equations are used for these models. Evaluated 

accurate voltage to MPP as well as shifting the operating 
point on the features of the panel [1]. By using equation 1 and 

equation 2 feature of PV Panel is determined. 

 

𝑝𝑝𝑣 = 𝑎𝑉𝑃𝑉
3 + 𝛽𝑉𝑃𝑉

2 + 𝛾𝑉𝑃𝑉 + 𝛿                                  (1) 

𝑉𝑀𝑃𝑃 =  
−𝛽±√𝛽2−3𝛼𝛾

3𝛼
                                                     (2) 

Here,   

α, β, γ, and δ = coefficients determined through sampling k 

values of VPV, IPV, and PPV.  
VPV= PV panel output voltage 

IPV= PV panel output current 

PPV= PV panel output power 

With the help of these equations, the voltage an MPP can be 

computed at the time factors is evaluated [9]. 

Kishor Gaikwad, Smita Lokhande, [8] over the periodic 

power plant, the renewable power plant was gradually 

invaluable is described by the author in this paper. Solar 

energy was available throughout the location in specific; 

however, The Solar Cell was a nonlinear source of electrical 

energy and to obtain the highest power from Perturb and 

observe the different calculations were performed using DC-
DC converters, Incremental Conductance and so on. These 

calculations in the consequence generate movements. In order 

to maintain a strategic separation from movements it is 

suggested to calculate the irradiance of day light and 

temperature. The internal opposite of the solar panel is linked 

to elements such as temperature, irradiance and more. By 

detecting irradiance and temperature estimates by the sensor at 

one specific moment the inner strength of the solar panel was 

determined. Each solar panel-based parameter and the internal 

barrier of a solar panel were determined in this working 

condition. The duty cycle information with the load protection 
is compared by DC-DC converter. Thus, using the most 

serious power exchange hypothesis, the largest energy level 

can arise from the solar panel if the exchange load resistance 

is equivalent to the inward barrier. The control system has 

monitored temperature and irradiance on an ongoing basis but 

will only follow MPPT in the event of a shift. By using DC-

DC converters the design and simulation of MPPT 

calculations were discussed in this paper. 

Sabir Messalti et al., [14] A few improved ANN MPPT 

mechanisms were estimated in this paper by the author. A few 

ANN MPPT processes have happened based on the variable 

and fixed step size. To produce the information that generates 
the ANN model Perturbation and Observation paradigm has 

been used. The two steps, online step and offline step were 

also demonstrated in this document to build the neural 

network controller MPPT. The PV system then used the 

optimum neural network controller. To examine the 

presentation of the mechanism of the fixed and variable step 

size ANN-MPPT MATLAB and SIMULINK proved the 

simulation outcomes. 

2.2 P&O METHOD 

To get the highest power point the perturbation and 

observation mechanism that is an iterative process as well as 
MPPT paradigm are usually used. Because of its ease and 

execution it is widely used in PV systems. It detects the 

operating voltage of the panel intermittently than the statistics 

and compares the resulting PV control with the prior power, 

and the operating voltage is controlled to monitor MPP by 

changing the duty ratio and changing the direction of power 

[13]. 

Ligade Gitanjali Vasant, V. R. Pawar, [10] power demand 

was improved day by day throughout the globe. Non-

renewable energy resources such as petroleum, nuclear, coal, 

natural gas and so on, have been used for electrical power 

generation have been described by the author in this paper . 
Investment, as well as the manufacturing of energy, is a major 

issue. The well-known and abundantly available renewable 

energy resources are solar, wind and many more. The solar-
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wind-based hybrid electrical generation mechanism was used 

to produce power to overcome the issues illustrated above. To 

produce a solar-wind hybrid power generation system Wind 
energy and solar energy have been arranged; using this 

arrangement will significantly reduce this problem. At the 

resulting result, it was necessary to achieve uniform and 

constant voltage between peak power. This document 

prescribes an optimization method for intensity manufacturing 

using a structure for the manufacturing of solar-wind hybrid 

energy used for battery charging based on the calculation of 

MPPT (Maximum Power Point Tracking) for a constant 

voltage approach. This paper's main issue was to increase 

steadiness and efficiency. 

Arfaoui Jouda et al., [12] to observe the maximum power 

point of the boost-based PV system and how this mechanism 
improved the reaction of PV systems between sudden 

irradiation and temperature condition, the author delineated 

Fuzzy Logic Controller. Among the optimization of the fuzzy 

controller's scaling variables, the controller's efficiency is 

improved in this job and as an optimization mechanism the 

Particle Swarm Optimization Algorithm is introduced. The 

PSO paradigm used in this document through numerical 

simulation to adjust the scaling factor to observe the control 

presentation of fuzzy-Maximum Power Point Tracking and 

subsequently to use improved Fuzzy Logic Control for the 

DC-DC Boost converter. The efficacy of the PV system is 
improved by concentrating on optimizing the fuzzy-MPPT 

approach. 

2.3 IC METHOD 

IC is one of the most frequently used MPPT systems because 

the PV power curve is null on the pitch at MPP. On the right 

hand side of the MPP the curve is reduced while it improves 

on the left side.  
𝑑𝑏

𝑑𝑣
= 0   at MPP…………(3) 

𝑑𝑏

𝑑𝑣
< 0, Right of MPP……… (4) 

𝑑𝑏

𝑑𝑣
> 0, Left of MPP…………..(5) 

This mechanism contains utilizing the slope of the derivative 

of the current regarding to the voltage to attain the maximum 

power point [6]. 

 

M. Nabipour et al., [13] the comparison of traditional MPPT 

and MPPT control systems using adaptive fuzzy logic is 

examined by the author. The presentation was expected to 

optimize the indirect "antecedent-consistent adaptive1" of the 

MPPT based on blurred mechanism by observing the PV 

module's Maximum Power Point. The predicted mechanism 
based on Antecedent-consistent adaptive1 indirect fuzzy 

system was fast, smooth as its membership function was 

synchronously tuned and strength was checked on the 

traditional MPPT system. 

.Rashid Al Badwawi et al., [17] in this paper the author 

concentrated on hybridized wind and solar power and was 

concerned with the construction of a complete fledged power 

supply. The author showed main problems about the hybrid 

energy system, voltage range and range of frequencies. In this 

work, hybrid system optimization procedures were planned in 

an effort to eliminate flaws in the appropriate deliberation, 

sophisticated response surveillance systems. The author 
focused much on promoting the overall architecture in an 

effort to construct the hybrid system to function at its 

maximum energy. This paper evaluated and surveyed the grid-

connected and stand-alone hybrid system. 

 

   2.4 CONSTANT VOLTAGE METHOD 

Rather than perturbing the photovoltaic voltage, a reasonable 

PV power can be attained by clamping the photovoltaic 

voltage at a certain level. Measuring the open circuit voltage 

of photovoltaics sporadically, equation (1.9) can be used to 

obtain the updated clamped voltage level (𝑉𝑐𝑝)  

𝑉𝑐𝑝 =  𝛽𝑉𝑜𝑐 … 1.9 

The value of 𝛽 is normally selected from range of 70% to 
80%. Experimental experiences results in deriving the 

constant voltage method: the range required to locate 𝑉𝑚𝑝𝑝 

usually lies within 70% to 80% (H. Suryoatmojo, 2018).  

Hemant Patel, [6] the output power was always changed 

according to weather conditions such as solar irradiation and 

atmospheric temperature and is described by the author in this 

paper. To monitor the maximum power point these days a big 

amount of systems have been estimated. To guide the dc / dc 

converter the electrical energy result of the PV array was used, 

thus diminishing the system's complexity. The result achieved 

high efficiency. This work insight into the numerical modeling 
of the independent PV framework and the performance of the 

PV generator under different load conditions was examined 

with and without MPPT. 

 

 

2.5 Fuzzy Logic Controller (FLC) 

 

Three successive stages of a FLC are: Fuzzification, logic 

judgment and defuzzification (H. Suryoatmojo, 2018). During 

fuzzification stage, by using membership functions and also 

the numerical error, ΔV, the numerical ratio, E (ΔP/ΔV i.e. a 

change in solar power to a vary the solar voltage), CE, which 
is the perturbation intensity, is translated into a linguistic 

variable. FLC has two input linguistic variables – E and CE. 

The control rules are referred by the next perturbation 

intensity, the output variable of the FLC. For the translation of 

linguistic output variable, the functions used are output 

membership functions, PT to a numerical variable. Equations 

(1) and (2) represented the annotation of two input variables, E 

and CE: 

𝐸 =
𝑃[𝑘]−𝑃[𝑘−1]

𝑉[𝑘]−𝑉[𝑘−1]
……1 

𝐶𝐸 = 𝑉[𝑘] − 𝑉[𝑘 − 1] … . .2 
 

H. Suryoatmojo, R. Mardiyanto et al., [7] when sun energy 

was transformed into electrical energy, solar cells were 

knowledge of abundant and tiny emissions of renewable 

energy is described by author in this paper. Meanwhile, these 

cells can reduce exhaust outflows of traditional vehicles by 

92%. Solar panels to be connected to a car such as unmanned 

aerila Vehical (UAV) got an incredible opportunity, for 

example the solar panel was a non-straight source of energy 

that relies on irradiance and temperature to modify its 

manufacturing capacity was a shocking reality. Maximum 

power point tracking (MPPT) is required and Solar panel 
power is improved, a technology used to advance power by 

molding the output voltage of the solar panel. On UAV, there 

were rapid variations in the sun's radiance, so the common 

MPPT was less productive to use because it reacted 

moderately and had high power motions. In this research, 

updated using Fuzzy Logic Control (FLC) and MPPT 

frameworks were organized. FLC can accelerate the reaction 

to load changes from the frame and also decrease moves at full 

energy. For the voltage conditioner that was as small as 

possible, a DC-DC converter should be selected, so that the 

aircraft's residual weight will not be expanded. Simulated and 
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examined this exploration. MPPT using Fuzzy Logic can 

reduce energy losses by up to 4.5% by this Method. 

Ali El Yaakoubi et al., [15] the squirrel cage induction 
machine used the fuzzy logic control to achieve maximum 

wind turbine power is illustrated by the author in this paper. 

The optimum rotational speed led in optimum energy and this 

work suggested the strategy to achieving it. By using the 

SIMULINK / MATLAB, the MPPT-FLC's functional 

evaluation was simulated. 

T.S Balaji et al., [16] the hybrid energy source was created by 

a pair of renewable energy sources and their ability to deliver 

enormous energy was demonstrated by the author. A minimal 

cost power converter had been shown to reduce the 

unnecessary. Wind power or solar power was used to generate 

electricity by connecting to the converter. Though 
implementing a fuzzy logic, the wind / solar energy achieved 

in the Hybrid modal provided the power of 30KW to give load 

voltage of 300 V and 0.1 KA respectively. In this paper, the 

use of fuzzy logic between photo voltaic arrays was expected 

to achieve maximum energy under incremental conduction 

paradigm. 

.Kasongo Hyacinthe Kapumpa, Dolly Chouhan, [9] one of 

the most widely used energy resources was solar energy as 

clean, green and renewable power, as the capture of this 

energy was subjected to a number of losses described by the 

author. This paper structures a conceivable 1MW autonomous 
solar power plant in the context of a legitimate concern for 

reducing pollution and promoting effective power energy. 

MPPT (Maximum Power Point Tracking) resolution had been 

selected using a Fuzzy Logic Controller to naturally determine 

the appropriate duty cycle for a buck-boost converter in order 

to overcome the losses in the solar photovoltaic structure. 

MATLAB / Simulink R2016a was used to perform the 

simulation. This was a contextual assessment to feed Frontier's 

D.R. mining camp. Congo / Africa. 

Damodhar Reddy, Sudha Ramasamy, [11] This paper 

concentrated on a 3-π grid-tied solar photovoltaic based on 

FLC to change the voltage at the CPI (prevalent interface 
point) by the help of a flexible DC connection voltage control. 

To pullout from the solar photovoltaic module solar energy 

and feed the PV inverter DC pipeline a boost converter 

between MPPT was used in this project. The Voltage 

Resource Converter has enabled the PV inverter to provide the 

primary grid with electricity. The anticipated MPPT scheme 

gives better dynamic output under the CPI's sudden voltage 

shift as compared to the traditional MPPT. Modeling of the 

predicted solar PV scheme based on Fuzzy Logic Control 

MPPT and accreditation of MATLAB / SIMULINK was 

developed and results were obtained. 

III. CONCLUSION 

Solar PV system directly converts solar radiation into 
electricity by photovoltaic effect. The output of the 

photovoltaic system is varying due to variation in temperature 

and irradiation intensity, so to attain the maximum power 

from the system different Traditional MPPT techniques are 

reviewed and discussed in this paper. It is analyzed that these 

approaches were not very effective to track the maximum 

power point with high speed. This causes increase in ripples 

and also the power produced was not of good quality. Another 

drawback of the existing techniques were that the approaches 

were not intelligent enough to took decision in the conditions 
were power is to maintain. As a conclusion to these factors 

there is need of an advanced approach which will lead to fast 

tracking and intelligence in itself. As a future scope intelligent 

and fast system can be used for the MPPT system which will 

also focus on reducing the ripples in the system.  
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