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Abstract 
Renewable energy systems in general, and particularly the Solar Photo Voltaic Energy Conversion Systems 

(SPVECS) have received worldwide attention in the recent decades. Among the various investigative thrusts 

carried out in respect of SPVECS the most recognized area of research is the ‘extraction of maximum power 

from the Solar Photo Voltaic (SPV) system. Research in the direction of Maximum Power Point Tracking 

(MPPT) for extracting maximum power, for the given environmental conditions is very much appreciated and is 

a key phenomenon in developing efficient SPV systems. In this paper a review on the various MPPT techniques 

for SPV systems which have been adopted since the inception of the SPV systems up to the latest soft computing 

algorithms is presented. To date, there has been no critical analysis carried out on the various techniques of 
MPPT in terms of (1) Tracking speed, (2) Algorithm complexity, (3) Dynamic tracking under partial shading 

and (4) Challenges in Hardware implementation. In this work the authors have attempted to compile a 

categorical and comprehensive review of the various conventional and non intelligent MPPT techniques 

available, based on the above criteria. Further, it is envisaged that the information presented in this review will 

be a valuable gathering of information for practicing engineers as well as for new researchers. 

Keywords: Maximum Power Point Tracking, Photovoltaic, Power Electronics, Renewable Energy, Performance 

Comparisons. 

 

I. INTRODUCTION 
With the modern lifestyles and the fast growth in industries the energy supply and demand chain has 

been subjected to remarkable strain. In addition, the issues of climate change and the need to diminish carbon 

footprints have added to the strong thrust for companies and nations to invest in alternate energy sources, 
particularly the renewable energy (RE) resources. Among the available RE resources, SPV source has emerged 

as one of the finest green energy resource and seen as a better replacement for conventional energy. The 

contribution of the energy harvested through the SPV systems had been significant in the past decade in meeting 

the national as well as international energy demands. In addition, the enhanced scale and eco-friendly nature of 

solar energy have attracted many researchers to propose scholarly research in this area. Even though numerous 

potential studies exist in SPVECS the major research areas are (i). Array reconfigurations and parameter 

evaluation [1-3], (ii). Modeling of solar cell characteristics with different climatic conditions [4-5] (iii) 

Assessment and estimation of MPPT techniques [6] (iv) PV Efficiency improvement [7-8] and (v). Interfacing 

with the national power Grid [9-13]. 

While massive amount of work has been carried out to improve the array configuration and parameter 

evaluation, equal importance has also been given to improve the power yield efficiency of PV system by 

improving its maximum power point tracking (MPPT) competence. MPPT is one of the most cost- effective 
ways to improve the overall PV system efficiency. Also MPPT improves the operating lifetime of the PV 

system [14]. In the conventional MPPT techniques, the power is calculated at any instant by sensing the voltage 

and current of the PV array and accordingly the duty cycle of the converter is adjusted to match the maximum 

power point. Depending upon the environmental conditions the location of the maximum power point (MPP) 

changes and is not known a priori, but can be located by calculation models or by search algorithms. The 

purpose or the role of various algorithms is to control the duty cycle (D) of the converter used. This is done in 

such a manner that the actual load line as seen by the PV array coincides with that of a load at which maximum 

power in extracted from the panel. 

In the last few decades many research work on MPPT for solar PV system have been proposed and the 

methods developed so far can be broadly classified into (i) conventional techniques and (ii) Soft computing 

techniques. 
The conventional MPPT methods include the Gradient Descent MPPT, Power Feedback MPPT, Curve 

Fitting based MPPT, Transient based MPPT, Current based MPPT, Voltage based MPPT, Constant voltage 

Controller MPPT, Ripple correlation MPPT, Sliding Mode MPPT, Incremental Resistance MPPT, Perturb & 

Observe MPPT, Incremental Conductance MPPT, Beta methodetc.,. 
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Most of the conventional methods as found in the literature exhibit the shortcomings of being less 

accurate and are applied to low power applications [15]. Comparative analysis of the two basic types of MPPT 

namely the Perturb and Observe (P&O) and the Incremental conductance (IC) method are presented in [15]. The 

P&O and the IC methods perform well for the conditions of uniform irradiance while they fail when irradiance 

becomes non uniform or the partially shaded condition [15]. The problems of these methods are, they exhibit 

high steady state oscillation, less convergence and slow tracking speeds in respect of changes in temperature and 

solar irradiance. This led to the algorithm called ‘Improved Perturbs and Observe’ or variable step size 
algorithm which overcomes the drawbacks of conventional P&O and IC algorithms. This algorithm has better 

efficiency and faster response rather than conventional P&O algorithm. 

 

 

 
 
where I and V are the solar cell output current and voltage respectively,    is the saturation current, charge of an electron is taken as 
q, A is the ideality factor of diode, k is the Boltzmann constant, T – temperature at absolute condition and    and     are the series 
and shunt resistances of the solar photo voltaic  cell. In an ideal case    would be zero and     infinite. 

A typical PV panel is composed of many solar cells, which are 
connected in series and parallel so that the output current and voltage of the PV panel are high enough to the requirements o f the 
applications under consideration. The output current-voltage characteristic of a PV panel is expressed by equation (2), where np 
and ns are the number of solar cells in parallel and series respectively. 
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IMPORTANCE FOR MAXIMUM POWER POINT TRACKING 

Solar irradiation that hits the photovoltaic modules depends upon the geographical latitude, the 

orientation of the solar field, the season and hour of the day. During the course of a day, a  shadow may be cast 

on the cell that may be foreseen, as in the  case of a building near the solar field or unforeseeable as those 

created by clouds, birds etc. Also the energy produced by each photovoltaic cell depends on the irradiation and 

temperature, from these considerations, the necessity to identify instant by instant that particular point on the V-
I characteristic of the PV generator in which there is the possibility of the maximum amount of power being 

transferred to the grid or load. During the course of operation, this MPP keeps shifting its position whenever the 

climatic or environmental conditions change. Hence MPPT controllers which have become an integral part of 

the solar PV system are designed to keep tracking MPP. The MPPT at the controller is logically placed in 

between solar PV panel and the power Electronic converter. The function of this controller is to effectively 

adjust the resistance as seen by the panel and operates the MPP. Also it alters the duty cycle of the DC-DC 

converters so as to to match output voltage of the PV generator with the battery voltage There are a number of 

DC-DC converters like the buck converter, the boost converter, buck- boost converter, fly back converter and 

the Z source DC-DC converter. Fig. 3 shows the basic block diagram of a DC-DC converter interfacing the solar 

PV panel with the load controlled by an MPPT controller [16]. 

 

 
 

CONSTANT PARAMETER 

1) Gradient Descent 

This method is useful to find the adjacent local MPP by calculating the gradient of the function. According to 

this principle, the maximum or the minimum points of the function occurs at some critical point. The local MPP 

can be constantly 

tracked and updated to satisfy a mathematical equation:    = 0. 

   
Using this method, the MPP is calculated using the function 
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truncation error for the centered differentiation. 

In [17] the authors have proposed the Gradient Descent MPPT method using variable step sizes for faster and 

more precise tracking process and proved that this MPPT method is better in performance than the traditional 

strategies. A simple MPPT control structure is explained in [17] and proved with better efficacy. In order to 

achieve the maximum power output, the steepest descent optimization method which finds optimal value of step 

size is determined [17]. 

 

2  Voltage based MPPT Constant Voltage (CV) 

The Constant Voltage technique is a simple MPP technique in which a constant reference voltage Vref is 

considered adequate for the approximation of the true MPP for the given solar insolation and temperature. 

In some other cases, this value is programmed by an external resistor connected to a current source pin 
of the control IC. For the CV method, therefore, the operating point is never exactly at the MPP and different 

data have to be adopted for different geographical regions. The CV method does not require any input. The CV 

technique works best at low irradiance levels, and so it is often combined together with other MPPT techniques. 

 
Open Circuit Voltage (OCV) Method 
It is the simplest offline method to control the MPPT where the ratio between MPP voltage to open circuit 

voltage is approximately constant whose value depends on temperature. 

 

 
 

However, this method has some disadvantages, like the MPP may not be tracked accurately leading to 
temporary loss of power. In order to prevent this power loss, pilot cells have been proposed to calculate 
VOC . However, useful power is not produced by pilot cell because it is isolated from the PV panel. During 

open- circuit voltage measurements,To minimize the power loss the pilot cell is replaced by a semi-pilot 
cell. In addition, to overcome the power losses a more straightforward but approximate approach is 
proposed which involves measurement of the temperature and irradiance and estimation of the VOC 

based on model governing equations. 
 
3.  Current based MPPT 
Short Circuit Current Method (SCC) 
Constant current method where the ratio between current at MPP and short circuit is maintained as constant 
which can be 

 
ranging between 0.8 to 0.9. To calculate ISC the load should be shed in order to get more accurate results 

but the implementation cost is higher than OCV method. The short- circuit current needed for MPPT is 
provided by the switch in the boost converter itself. The flow chart of SCC shown in Figure 5. 
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Current Compensation Method 

In this method a continuously changed reference current is produced by the voltage control loop and is 

considered for each switching cycle and this method shows up considerably less error in power harvest. To 

compensate the continuously changing current reference an Integrator is used in the current controller which is 

reset during each switching cycle. 

 

Pilot Cell 

A small solar cell known as the pilot cell having the same property of larger solar array is chosen for 
short circuit current or open circuit voltage measurement but this method the problem of a lack of a constant 

“K” value is still present. Again there was a logistical drawback of how best the pilot cell characteristics is 

mapping with larger solar array. Moreover, careful attention is needed to choose the pilot cell that closely 

represents the characteristics of the operational PV array. 

However the SCC and OCV methods fails when the load  

 
these methods cannot be considered as seeking the true MPP. 

 

4.  PN Junction Drop Voltage Tracking Technique  

It is a simple and inexpensive but effective operating point tracker, in which, to track the excellent 

operating forward voltage drop of the p-n junction diodes is used as a reference voltage to track the excellent 
operating voltage. The detection error voltage of the proposed excellent operating tracker of the solar array is 

within 2.5%, and the detection error power is estimated to be negligibly small. This method is considered as a 

non-accurate method of MPP tracking since it considers only the temperature and neglects irradiance. 
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MPPT TECHNIQUE WITH MEASUREMENT AND COMPARISON 

1)Lookup Table Method  

The maximum power point voltages for various insolation levels are obtained from the experimental 

setup and are fed to the look up table [86]. From the look up table reference voltage for various insolation 

conditions is taken without many computations. The time taken for simulation is less than the conventional 

model, especially when interfaced with the power conditioning systems. Since force biasing is required for 

tracking very fast tracking is achieved. A three dimensional numerical array is required for each possible value 

of voltage, current and temperature hence number of sensors required also increases. This method does not 
render the exact maximum power point tracking but tracking is almost very close to the exact MPP. 

 

2)Voltage and Current Maximization  

The task of maximizing the power output of a PV panel is manipulated with the assumption that the 

power losses incurred in the power electronic converter is minimum. In case of voltage source, the load current 

IL should be maximized to reach the maximum output power similarly in a current source the voltage across the 

load should be maximized so that the power delivered is maximum. Therefore, in such cases only a single 

sensor is sufficient [89]. Therefore, the necessary and sufficient conditions are that for a voltage source the 

current should be maximized and for a current source the voltage across the load should be maximum. In most 

PV system, the battery is used as a voltage sink to maximize the load current which in turn make the PV module 

to operate close to the MPP. 
 

3) Linear Current Control Method 

In this method set of two algebraic equations is solved and the solution of intersecting points of two 

curves on the phase plane is used to track the MPP [18]. This is one of the easily implemented and 

instantaneously applied methods. The simplified P-V characteristics of a PV module is given by, 
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4) State Vector Machine  

State Vector Machine method is one of the robust and reliable which is insensitive to changes in system 

parameters by which MPPT is achieved even at changing atmospheric conditions. To track the MPP, state space 

vector model used to represent the PV in which dynamic non-linear controller is employed [19]. 
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MATHEMATICAL CALCULATION 
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Table 7.1: Summary of MPPT based on Measurement and Comparison 
Tracking 
methods 

Application Merits Demerits 

PV output senseless 
control 

Grid connected More flexible higher rate of 
convergence. 

Slow transient 
Response. 

Perturb &Observe Stand-alone High efficiency, Simple and 
Robust. 
Widely used MPP for both 
standalone and Grid connected 
systems. 

Not able to track under rapidly 
changing environment, 

Incremental 
Conductance 

Stand-alone Attains MPP accurately. It can track 
even under rapidly changing 
environment. 

Costlier than P&O. 
Instability due to the use of 
derivative algorithm. 

Three-point weight 
comparison 

Both Reduced Oscillations Robust and 
Faster 
convergence. 

Decrease in operating speed 
and Increased 
complexity. 

On line MPP search 
algorithm 

Stand-alone Simple design and cheap hardware 
required. Fast convergence rate. 

It is failed when the array 
required power is less than the 
array reference 
power. 

DC link capacitor droop 
control 

Grid Connected Can be easily implemented with analog 
operational 
amplifiers and decision 

Its response superior than 

Array reconfiguration 
method 

Both Costlier than P &O. Complexity to control. 

MPPT with variable 
inductor 

Stand-alone Additions of variable inductor to 
the circuits increase range of 
continuous conduction 
mode. 

Requires periodic tuning. 

 

III. ANALYSIS AND DISCUSSIONS 
In this work different conventional MPP techniques have been discussed under three categories by 

considering the factors like tracking precision, the tracking speed, the compound cost, and the implementation 

complexity. In this review, we have presented each method by mentioning the limitations and the drawbacks of 

a complete tracking system, including speed, Cost, Precision, Complexity etc,. Based on tracking methods the 

entire conventional tracking techniques are classified into Four groups [Table 1]. Since P &O algorithm give a 

suitable solution for manufactures and end user, a detailed literature review was conducted on P & O method as 

it is the mostly used MPPT. The INC algorithms are equally important as compared to the P & O method since 
the INC shows a better performance towards oscillation around the MPP. A concise tabulation has been given in 

[Table 2, 2.1, 3, 3.1, 4, 4.1,7 and 7.1] highlighting various aspects such as cost, Complexity, efficiency, 

applications, merits and demerits etc,. The choice of choosing the MPPT depends on whether the solar energy 

harvesting system is to be used as a grid integrated system or stand alone application based on grid connected 

mode or stand-alone mode. 

 

IV. CONCLUSIONS 
Almost all renewable energy systems in general, and particularly the Solar PV systems exhibit non-

linear characteristics by nature; hence an MPPT controller is essential to ensure the system operating at the 
optimum condition and to make best use of the expensive technology. Different research activities are going on 

with the objective to find simple low cost and highly efficient MPPT algorithms. This paper is intended to 

provide an insight into the various MPPT algorithms along with their advantages and disadvantages. This 

review is intended to be useful for academics, researchers and industrial designers engineers and manufacturers. 

 

REFERENCES 
[1]. Murtaza Marcello AF, Filippo, Tabrez U, Boero D, DeGiuseppe. 2017. MPPT technique based on improved evaluation of 

photovoltaic parameters for uniformly irradiated photovoltaic array. Electric Power Systems Research. 145: 248-263. 

[2]. Ravi.A, P.S.Manoharan, J.V,Anand, “Modeling and simulation of three phase multi-level Inverter For grid connected photovoltaic 

systems” solar energy. Vol.85, no.11, pp. 2811- 2818, 2011. 

[3]. Juan David Bastidas-Rodriguez, Edinson Franco1, Giovanni Petrone, Carlos Andrés Ramos-Paja, Giovanni Spagnuolo. 2014. 

Maximum Power Point Tracking Architectures for photovoltaic Systems in Mismatching Conditions: A Review. IET Power 

Electronics. 6:1396-1413. 

[4]. Prasanth Ram J, Sudhakar Babu T, Rajasekar N.A.2017. Comprehensive Review on Solar PV Maximum Power Point Tracking 

Techniques. Renewable and Sustainable Energy Reviews. 67: 826-847. 

[5]. Shmilovitz D.2005 On The Control of Photovoltaic Maximum Power Point Tracker Via Output Parameters, Electric Power 

Applications. IEE Proceedings.152:239-248. 

[6]. Askarzadeh A, Rezazadeh A. 2013. Extraction of Maximum Power Point in Solar Cells Using Bird Mating Optimizer- Based 

Parameters Identification Approach. Solar Energy.90: 123-133. 

[7]. CR Sullivan, MJ Powers. 1993. A High-Efficiency Maximum Power Point Tracker for Photovoltaic Arrays in a Solar- Powered 



Conventional Maximum Power Point Tracking Techniques For Solar Photo Voltaic .. 

www.ijres.org                                                                                                                                               98 | Page 

Race Vehicle. 24th Annual IEEE International Power Electronics Specialists Conference, PESC ‘93. 574- 580. 

[8]. Krauter S. 2018 Simple and effective methods to match photovoltaic power generation to the grid load profile for a PV based 

energy system. Solar Energy. 159: 768-776. 

[9]. Rameen Abdel Hady. 2017. Modeling and simulation of a micro grid-connected solar PV system. WaterScience. 31(1): 1-10. 

[10]. Mahalakshmi R, Sindhu Thampatty KC. 2015. Grid Connected Multilevel Inverter for Renewable Energy Applications.Procedia 

Technology. 636-642. 

[11]. Maria Teresa Penella, Manel Gasulla. 2014. A Simple and Efficient MPPT Method for Low-Power PV Cells. International Journal 

of Photo energy. 1-7. 

[12]. Dehghanzadeh A, Farahani G, Maboodi M. 2017. A novel approximate explicit double diode model of solar cells for use in 

simulation studies. Renewable Energy. 103: 468-477. 

[13]. Jianpo Zhang, Tao Wang, Huijuan Ran. 2009. A maximum power point tracking algorithm based on gradient descent method. IEEE 

Power & Energy Society General Meeting. 

[14]. Raseswari Pradhan, Bidyadhar Subudhi. 2012. A steepest- descent based maximum power point tracking technique for a 

photovoltaic power system, 2nd International Conference on Power, Control and Embedded Systems (ICPCES). 

[15]. Ru-Min Chao, Shih-Hung Ko, Hung-Ku Lin and I-Kai Wang. 2018. Evaluation of a Distributed Photovoltaic System in Grid-

Connected and Standalone Applications by Different MPPT Algorithms. Energies.11: 1484-1485. 

[16]. A.J. Mahdi, W.H. Tang and Q.H. Wu. 2010. Improvement of a MPPT Algorithm for PV Systems and Its Experimental Validation. 

International conference on renewable energies and power quality. 

[17]. Abou El Ela M, Roger J. 1984. Optimization of the function of a photovoltaic array using a feedback control system. Solar 

Cells.13:107-119. 

[18]. Kislovski A, Redl R. Maximum power tracking using positive feedback. 1994. 25th Annual IEEE International Proceedings of the 

power electronics specialists conference.2:1065-1068. 

[19]. Salas V, Olias E, Lazaro A, Barrado A. 2005. New algorithm using only one variable measurement applied to a maximum power 

point tracker. Solar Energy Materials Solar Cells.87(1):675-684. 

[20]. Pan C-T, Chen J-Y, Chu C-P, Huang Y-S. 1999. A fast maximum power point tracker for photovoltaic power systems. International 

Proceedings of the industrial electronics society. 1: 390-393. 

[21]. M.A. Hamdy. 1994. A new model for the current-voltage output characteristics of photovoltaic modules, Journal of Power Sources. 

50(1–2): 11-20. 

[22]. Ortiz-Rivera, Eduardo & Peng, Fang. 2006. Linear Reoriented Coordinates Method. IEEE International Conference on Electro 

Information Technology. 459-464. 

[23]. Zhang M, Wu J, Zhao H. 2004. The application of slide technology in PV maximum power point tracking system. International 

Proceedings of the 5th world congress on intelligent control and automation.6:5591–5594. 

[24]. Yoash Levron and Doron Shmilo vitz. 2013. Maximum Power Point Tracking Employing Sliding Mode Control. IEEE Transactions 

on Circuits and Systems-I: 60(3):724- 732. 

[25]. Noguchi T., and H. Matsumoto. 2003. Maximum Power Point Tracking Method of Photovoltaic Using Only Single Current Sensor. 

Proceedings of 10th European conference on power electronics and applications. 

[26]. Emad M. Ahmed and Masahito Shoyama. 2012. Scaling Factor Design Based Variable Step Size Incremental Resistance Maximum 

Power Point Tracking for PV Systems. Journal of Power Electronics. 12(1):164-171. 

[27]. T. Esram, J. W. Kimball, P. T. Krein, P. L. Chapman, and P. Midya. 2006. Dynamic maximum power point tracking of photovoltaic 

arrays using ripple correlation control. Transactions Power Electronics. 21(5):1282-1291. 

[28]. K. Itako, 2005. A new current sensor less MPPT control method for PV generation systems European Conference on Power 

Electronics and Applications. 

[29]. C.-C. Wang, M.-C. Wu, S.-Y. Ou, K.-J. Lin and C.-R. Lin. 2010. Analysis and research on maximum power point tracking of 

photovoltaic array with Fuzzy Logic Control and Three- point Weight Comparison Method. Science China Technological Sciences. 

53(8):2183-2189. 

[30]. Ravi A, Murugan S, Danielsathiyaraj J, Aandal R “A fuzzy logic controlled solar power generation with integrated maximum power 

point tracking using multi-level inverter” international journal of applied engineering research 10 (14), 2315-2326,2019. 

[31]. Ravi. A Manoharan. P.S “Closed loop control of Diode Clamped Multilevel Inverter with Integrated Maximum Power Point 

Tracking for Grid Connected Photovoltaic Application” PRZEGLĄD ELEKTROTECHNICZNY, NR 10/2013. 

 

https://www.researchgate.net/scientific-contributions/25596791_K_Itako
https://ieeexplore.ieee.org/xpl/conhome/11048/proceeding
https://ieeexplore.ieee.org/xpl/conhome/11048/proceeding

