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Abstract—Today’s world is focussing on green and clean 

energy which necessitates the use of photovoltaic (PV) 

energy. Depletion of fossil fuels and emission of carbon is 

an important factor why the world is moving towards 

photovoltaic energy. However, the great challenge in 

implementing the photovoltaic systems lies in the high 

initial cost and low conversion efficiency. Therefore, a 

power converter with the ability to track the maximum 

power from the PV panels is essentially needed to increase 

the efficiency. Various Maximum Power Point Tracking 

(MPPT) techniques available for PV systems is presented. 

Characteristics of PV cells are explained. Conventional 

techniques like Perturb & Observe method, incremental 

conductance algorithm, fractional open circuit voltage 

and short circuit current methods were explained. Under 

the rapidly varying environmental conditions, the 

conventional techniques have not shown greater efficiency 

and therefore MPPT technique based on fuzzy logic, 

neural network, differential evolution (DE) algorithm and 

genetic algorithm (GA) were discussed. This paper 

compares and analyses the conventional and intelligent 

control based MPPT techniques with respect to tracking 

capability, methods of complex design, cost, ability to 

sense the change in environment, speed of convergence 

and conversion efficiency.  
 

Index Terms—fuzzy logic, neural network, MPPT 

controller, photovoltaic. 

 

I. INTRODUCTION 

Among many available renewable energy sources such as 

solar energy, wind energy, biomass energy, fuel energy etc., 

solar energy is one of the most convenient and popular form 

of renewable energy. Major advantage of solar energy is that 

it is maintenance free and environmental friendly. Major 

drawback is the high installation cost of the system. 

Photovoltaic systems contains solar cells interconnected, 

control and protection circuits and storage components. 

Because of variable irradiation throughout the day, the solar 

cell will not produce a constant and maximum power 

throughout the day. For extracting the maximum power from 

the photovoltaic array, a maximum power point tracker 

(MPPT) is designed for controlling the power electronic 

interfaces, which are used as an interface between solar array 

and load. 

Since the photovoltaic cell (PV cell) has non-linear I-V 

characteristics, the output power of the cell entirely depends 

on the intersection point of load line with the I-V 

characteristics. One point is existing where maximum power 

is produced for particular solar radiation and cell temperature. 

MPPT determines this point for feeding maximum power to 

the load. Various MPPT algorithms have been developed and 

been implemented. But the selection of suitable algorithm for 

anapplication depends on the various factors such as the 

system cost, efficiency, implementation and complexity. 

MPPT controller will either control the duty ratio of the DC-

DC converter or firing angle of the inverter. Depending on the 

methods for implementation they are classified as 

conventional methods and intelligent control methods. Fig. 1 

shows the block diagram of the general photovoltaic system 

with MPPT controller. 

 

II. PHOTOVOLTAIC CELL MODEL 

Photovoltaic means the generation of electricity from light, 

here the light source is sun.  Solar modules are connected in 

different combinations which forms the solar array, and a 

number of solar cells are used to form a solar module. Solar 

cells are manufactured from semiconductor layers made from 

silicon crystal [1]. The literature reveals that PV cells are 

represented by many models have been suggested for PV 



International Journal of Engineering Applied Sciences and Technology, 2025 
Vol. 10, Issue 04, ISSN No. 2455-2143, Pages 01-13 

Published Online August 2025 in IJEAST (http://www.ijeast.com) 
   

2 

 

equivalent circuit.The most commonly used circuit 

modelcontains a single diode,the resistances connected in 

series and shunt [2]-[4]. As given in Fig.2, production of the 

amount of electrical energy is denoted by the current Iph, 

which is in direct proportion to the solar irradiation. Internal 

resistance is represented by the seriesresistor and the leakage 

current is represented by the shunt resistance.  Mathematical 

equation to represent the PV cell is written as follows:  

 

           
  

   
 (1) 

The diode characteristics is given by 

)1(
/

0 
AVV

D
TDeII     (2) 

The voltage of a diode is given by 

             (3) 

Photovoltaic current Iph is expressed by 

                     (4) 

 

Here I0 is the cell saturation of dark current, VT – thermal 

voltage of PV modules and is equal to kT/q, q is electron 

charge and is equal to 1.6 x 10-19 C, k is the Boltzman 

constant and is equal to 1.38 x 10-23 J/K, T is the p-n junction 

temperature in Kelvin, A is the diode ideality factor depends 

on the manufacturing technology, ISC is short-circuit current 

of the cell at normal test condition of 1000 W/m2 and 250C, 

K1 is the coefficient of the short-circuit current of the cell, 

TRef is the reference cell temperature,  represents the solar 

irradiance in W/m2.Fig. 2 shows the equivalent circuit of 

photovoltaic cell. 
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Fig. 1. Block diagram of PV system integration with DC load using MPPT 
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Fig. 2.  Equivalent circuit of PV cell 

 

 

III. PHOTOVOLTAIC CHARACTERISTICS 

Photovoltaics have non-linear characteristics and the change 

of temperature and solar irradiance directly affects their 

performance and output power. Figs. 3 and 4 show the P–V 

and I–V characteristics of a PV array. The above 

characteristics show that the PV array exhibits non-linear 

output, which are directed by the irradiations from the sun. 

Under the full illumination condition of the sun, the P–V 

characteristic will have only a single peak. But multiple peaks 

will be appearing in the PV characteristics during the partial   

shading conditions.  



International Journal of Engineering Applied Sciences and Technology, 2025 
Vol. 10, Issue 04, ISSN No. 2455-2143, Pages 01-13 

Published Online August 2025 in IJEAST (http://www.ijeast.com) 
   

3 

 

 
Fig. 3.  P-V Characteristics of a typical PV array 

 

 
Fig. 4.  I-V Characteristics of a typical PV array 

 

IV. MAXIMUM POWER POINT TRACKING 

The maximum power point is determined mainly by 

atmospheric temperature and solar irradiance. Because of the 

clouds or shadows of the object the maximum power point 

will be fluctuating. Maximum power point algorithm is an 

algorithm which is used to fix the dynamic operating point of 

the solar panel at the maximum power point by continuously 

computing the operating point of the solar panel [5]. For 

obtaining the maximum available power, accurate tracking of 

the operating point is must under all varying atmospheric 

conditions by using MPPT algorithm.  The MPPT increases 

the power delivered by the solar panel to the load and the life 

span of the PV system also increased [6]. In the MPPT system, 

by adjusting the duty ratio of PWM based dc-dc converter the 

maximum power point is obtained. The significant condition 

while choosing a MPPT algorithm is the capacity of the 

algorithm to trace the true MPP among the local peaks taking 

into consideration of cost and speed of convergence. The 

various MPPT algorithms considered in this paper for review 

are shown in Table1. MPPT algorithms are organized 

undermajor groups in this paper. Onegroup discusses about 

the conventional MPPT algorithms. These algorithms shows 

satisfactory workingunder uniformirradiance.Anothergroup 

explains the use of intelligent techniques in MPPT algorithms. 

These exhibits satisfactory operationin both constant 

irradiance and partial shading conditions. 

 

TABLE I 

LIST OF MPPT METHODS 

 

 

 

 

 

 

 

 

 

 

 

Conventional Methods Intelligent Methods 

Perturbation and Observation Method Fuzzy Logic Approach 

Incremental Conductance  

 

Neural Network Approach 

Fractional Open Circuit Voltage and 

Fractional Short Circuit Method 

 

Differential Evolution Algorithm 

Approach 

 

Ripple Correlation Control 

 

Genetic Algorithm Approach 
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V. MPPT ALGORITHMS 

A. Traditional MPPT Techniques: 

1. Perturbation & Observation (P&O) Algorithm: 

Because of the simplicity of practical implementation of P&O 

algorithm, this is most widely used algorithm. Primarily, the 

value of the voltage and current of PV array are sensed and 

the power is obtained. In this P&O method, the PV output 

voltage is changed by a small increment and therefore change 

of power (ΔP) occurs. If the change in power ΔP is positive, 

then the operating voltage will be moving toward MPP. The 

size of perturbation (C) also will be in the same direction. If 

ΔP is negative, then the operating voltage will be moving 

away from optimal point and therefore the size of 

perturbation also will be reduced in order to take the 

operating point back to MPP [7]-[12]. The P&O MPPT 

algorithm is depicted in Fig. 5. From the flowchart, the 

working point is moving towards the MPP when the PV 

power increases along with the operating voltage. This means 

the perturbation size is positive or remains unchanged. The 

working point is moving away from the MPP, when 

instantaneous power reduces while the operating voltage also 

reduces. Therefore, the perturbation size is reversed to move 

the operating point to reach the true MPP. Table 2 

summarizes the perturbation direction in P&O algorithm. The 

drawback of this algorithm is that under fast changing 

atmospheric conditions, the tracking efficiency reduces. The 

operating point continuously oscillates around MPP and 

changes the direction of perturbation after measuring ΔP. 

Also under varying irradiance conditions, the P&O fails to 

track true MPP [13]. The simple structure and easy 

implementation, in stand-alone mode as well as grid-

connected mode are the major advantages of P & O algorithm. 

 

2. Incremental Conductance Algorithm 

This method uses the slope (dP/dV) of power- voltage 

characteristic, the slope of P-V curve is zero atMPP, and is 

positive on left and negative on right [14]. This method 

eliminates the drawback of P&O method which is the 

oscillation of operating point under varying atmospheric 

conditions. dP/dV is called as the power gradient. These 

gradients are summarized as follows: 

dP/dV = 0 at MPP 

dP/dV> 0 left of MPP 

dP/dV< 0 right of MPP 

From the characteristics of the PV array (I-V and P-V), 

V

I
V
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dI
VI

dV

IVd

dV

dP






)(         (5) 
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P(k)=V(k)*I(k)
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V(k) by k-1 
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ΔV<0 ΔV<0
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Fig. 5. Flowchart for Perturbation and Observation MPPT algorithm 
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TABLE II 

P& O ALGORITHM SUMMARY 

 

 

 

 

 

 

 

 

Now the point of dP/dV can be written as 

 
Δ 

Δ 
  

 

 
 at MPP.                           (6)     

Δ 

Δ 
  

 

 
    at left of MPP.  (7) 

Δ 

Δ 
  

 

 
  at the right of MPP.  (8) 

 

In the Incremental Conductance algorithm, the cycle is started 

by obtaining present value of V and I at V(t) and I(t). The 

flow chart in Fig. 6 shows that the tracking of MPP done by 

comparinginstantaneous conductance (I/V) valueand 

incremental conductance (ΔI/ΔV) value. Reference voltage, 

Vref, is either decreased or increased depending on the above 

comparison. If Vref is equal to VMPP, the MPP is reached. This 

point is the stopping point of the algorithm, the corresponding 

values will be stored. If any environmental changes then there 

will be a change in ΔI and at such conditions the algorithm 

will be recalculated until optimum point is obtained [15]. The 

speed of MPPT algorithm is determined by the incremental 

size. If the incremental size is large, then the time taken for 

tracking is reduced; but, the system oscillates about this point 

of MPP [16]. This INC algorithmwill perform better under 

quicklychanging atmospheric conditions and also oscillations 

are less. However, the efficiency of the algorithm is 

somewhat closer to the P&O method. Major drawback 

identified isthat under varying irradiance and alsopartial 

shading conditions, the global MPP is not tracked. At last, 

because of the complexity of control circuits needed for 

implementing the INC algorithm system cost is high. 

 

3.  Fractional Open Circuit Voltage Algorithm 

For offline applications, the open-circuit voltage MPPT is 

used which is a simplified technique [16]. This method is 

based on the fact that there is an approximately linear relation 

between the open circuit voltage and voltage at maximum 

power point (VMPP) under changing atmospheric conditions. 

This can be given by 

 VMPP K VOC (9) 

where K varies between 0.7 and 0.8 which depends on the PV 

cell characteristics. 

VOC is obtained by opening the load and the VMPP is 

approximated using the above formula. This method will not 

provide accurate operation of PV array at MPP and is only an 

approximation. This is the main drawback of this method. 

4.Fractional Short Circuit Current Algorithm 

This MPPT method is also an offline method. There is an 

approximate linear relation between the short-circuit current 

ISC, and current at maximum power point IMPP [16]. This can 

be given by 

 

IMPP K ISC    (10) 

 

where K is a constant and it lies in the range of 0.8 to 0.9 

The short circuit current is determined by shedding the load 

connected to the PV array. After that, IMPP is calculated using 

the above formula. This method is comparatively accurate 

when compared with fractional voltage method. But this 

fractional current method needs higher cost for 

implementation. 

 

5. Ripple Correlation Control Algorithm 

When the PV array is connected to a DC-DC converter, the 

voltage and current ripples are created because of the 

converter switching action. Therefore, there will be ripples 

present in the power produced from PV array which will 

affect the PV systemperformance. In [17] - [20], it is reported 

that MPPT can be done using ripple correlation control. The 

MPP will be reached when the power gradient becomes zero. 

To achieve this condition, the RCC correlates between dP/dV 

and I or voltage both varies with time. 

The working point is less than MPP. Contrast to this, when 

the V or I decreases and decreases, operating point is greater 

than MPP. Combining these operations, PI or PV are positive 

on left, zero at MPP and negative on right of MPP. 

 

        ∫  ̇ ̇   (11) 

        ∫  ̇ ̇   (12) 

 

This ripple correlation control method is not considering the 

parameters such as PV array voltage and current. It takes only 

the duty-ratio of the power converter for tracking the 

maximum power. This method is simple and cost is less and 

high speed.The convergence time is decided by the converter 

switching frequency. When the solar irradiation is low, this 

technique is slow because of the requirement of large tracking 

steps near the true MPP. 

 

 

Perturbation Change in Power Next Perturbation 

Positive Positive Positive 

Positive Negative Negative 

Negative Positive Negative 

Negative Negative Positive 
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B. Intelligent Control Based MPPT Techniques 

1. Fuzzy Logic MPPT Controller 

Application of intelligent controllers in implementing MPPT 

algorithms of PV systems showed best performances, 

quickresponses and also less oscillations in steady state for 

rapidly varying temperature and irradiance conditions 

[21].The fuzzy logic MPPT does not require the exact 

mathematical model of PV system [22]-[24]. Fuzzy logic 

controller is simpler comparing with other intelligent 

controllers. The researchers are showing more attention on 

fuzzy logic controller (FLC) for controlling converter, 

electrical drives and also process control applications because 

of its better response than other conventional controllers [25]-

[27].The frequent and imprecise variation of the weather 

conditions shown by PV arrays can be accurately traced with 

FLC. To take the merits of this controller, MPPT algorithm is 

integrated with FLC. The two input variables in this FLC 

based MPPT are the error (e) and change in error (Ce).These 

variables at the kth sample time are  

 

     
  

  
    

  

  
      (13) 

                                 (14) 

 

where e(k)  – error of the position of operating point of load 

at the kth instant. 

 Ce(k) – moving direction of this point. 

Mamdani’s fuzzy inference system is used and the centre of 

gravity method is used for defuzzification to calculate the 

output as shown in Fig.7. 
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Fig. 6. Flowdiagram for Incremental conductance algorithm 

 

2.  Neural Network MPPT Controller: 

The drawbacks of conventional controllers for MPPT are also 

overcome by the application of an ANN based MPPT Control 

technique. The use of ANN improves the system performance 

and system efficiency to a better rate than traditional methods. 

Neural network with the multilayer  structure is employed [28] 

– [30]. Artificial neural network with offline training based 

MPPT is added to compute the temperature and irradiance 

from the PV array.Supervised learning is implemented to 

eliminate the error by providing the required multiplication 

factors to the weights at the hidden layer. This technique 

performs better under rapidly varying environmental 

conditions.Here the non-linearities of PV panel are overcome 

by supervised learning feed forward trained network. 

Flowchart for MPPT algorithm  
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Fig. 7 Structure of Fuzzy Logic Controller  

 

Based on artificial neural network is shown in the Figure 8. [31] – [32]. 

∑ 
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Fig. 8 ANN Based MPPT 

 

Artificial neural network (ANN) finds applications in many 

areas because of the better performance on non-linear 

tasks.The three layers of ANN are input, hidden and output 

layers. In Fig. 9, the interconnection between i and j gives by 

wij. Inputs to the ANN are summed and modified by weights. 

The structure of artificial neural network consists of a system 

to receive an input, data processing, and an output. Input 

variables are temperature, solar irradiation and short-circuit 

current or open-circuit voltage. The system accuracy is 

decided by the hidden layers and also the process of training. 

In partially shaded condition, ANN predicts the global MPP 

voltage and power. The difference between the actual and 

reference voltage is given as an error for the MPPT controller. 

TheANN has twotopologies as feed-forwardand the recurrent 

topology.The feed-forward network contains no feedback 

connections. There current network k has feedback 

connections with short term memory. For better results under 

partial shaded conditions, ANN combined with fuzzy logic 

can be used. The optimum PV voltage can be found out by 

training three layers of feed-forward ANN. Comparing with 

P&O, this method shows twice the tracking efficiency. 

 

3. Differential Evolution Algorithm (DE) 

In [33] differential evolution algorithm is discussed for global 

optimization. The practical problems like non-differentiable, 

discontinuous, nonlinear, noisy, flat, multidimensional or 

systems having more number of local minima, constraints or 

stochasticity can make use of this DE algorithm. 
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Fig. 9 ANN Layers 

 

Only few parameters are required in this algorithm, hence this 

method can be easily implemented. Basic requirements of this 

algorithm are particles population and the number of 

iterations needed to generate an optimal solution is lesser. 

In DE, two-dimensional target vectors are utilized initially 

with xi as the population for each iteration and G given in (15). 

In each iteration, the total number of particles is maintained at 

uniform value. 

 

Xi,G , i = 1,2,……,NP                                           (15) 

 

)(* ,3,2,1, GrGrGrGi xxFxV       (16) 

where F is in the range of 0 to 1. 

 

The mutation process aims at generating the donor vectors 

with NP particles.Afterwards, the donor vectors are combined 

with the target vectors through crossover process and the trial 

vectors, uiare generated. Equation (17) shows the condition 

for crossover. A comparison is made between the random 

number in the range [0,1] and the crossover rate CR in the 

range [0,1]. Consider the  

 







 


elsex

CRifrandv
u

i

i

i
;

;
     (17) 

 

Next to the crossover process, the following process is done: 







 


elsex

xfuiffu
x

i

iii

i
;

)()(;
1

 (18) 

Figure 9 gives the flowchart for DE algorithm. 

 

MPPT based on DE Algorithm: 

Multiple peaks will be there in the P-V characteristics during 

partial shadedconditions and therefore the global MPP is not 

tracked by the traditional P&O algorithm, all the times.The 

DE algorithm is best suited to track the GMPP under partial 

shaded conditions [34] – [36]. To ensure the operation of PV 

system at the GMPP, the duty ratio of the DC-DC converter is 

adjusted. Therefore, the target vector Di is the duty ratio of 

the converter. Initially, duty cycle is initialized as shown in 

flowchart in Figure 10.  Only three particles are used to 

reduce time consumption. Equation (15) becomes (19) in the 

proposed MPPT algorithm as follows: 

Di,G;    i = 1, 2, 3                              (19) 

 

After the initialization, PV array powers Piare estimated for 

the three duty cycles. Then, the highest power in Pi is chosen 

as Pbest, then Di is kept as Dbest. If the variation among the 

three power values Pi is more than 1.5%, the process 

continues to make the donor vector DVi through equation (20), 

where F is 0.6.  

 




















elseDDFD

DifDDDFD
DV

GrGrGr

bestGrGrGrGr

Gi

;*

;*

,1,2,1

,1,1,2,1

,
  (20) 

 

Donor vectors and target vectors crossover with each other as 

in equation (21), where CR is 0.67. 

 







 


elseDi

CRifrandDV
DU

i

i
;

;
 (21) 

 

After obtaining all the values of DUi, the comparison is made 

with Pi. Then the duty cycle corresponding to the higher value 

of power is taken as the next target vector using equation (22): 

 







 


elseDi

PiifPUiDU
D

i

i
;

;
1

(22) 

 

Then, the algorithm repeats from block 2 in the flowchart 

until Pibecomes lower than 1.5%. Consequently, Dbest is the 

duty cycle of the converter and Pi is noted. If Pi is more 

than 1.5%, then the algorithm repeats again from block 1; 

otherwise, it continuestrackingPi. 

 

4. Genetic Algorithm Based MPPT Algorithm 

The benefits of the optimization algorithm based on genetic 

algorithm [37] are given below:  
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i. In GA, codes of system parameters are used for system 

modelling. 

ii. For optimization procedure of the system, work is on the 

population of points instead of a single point. 

iii. MPPT can be done by function values and there is no need 

for calculation of any other value existing in the system. 

Genetic algorithm (GA) based MPPT controller suitable for 

partial shading conditions has been introduced in [38]-[39]. 

GA principle and the DE algorithm are almost similar. In GA 

the tracking depends on genetic behaviour. The selection, 

crossover and mutation are the basic operators in GA. 

Selected individual is taken as a solution for optimization in a 

random population,. Fig.11 shows a simplified GA technique 

for finding optimization. GA parameters are identified based 

on the procedure in Fig. 10. They are in binary form or real 

code form. Every chromosome has individual parameters and 

hence several solutions. 

The performance index is found by the objective function 

based on the convergence value and error. After this, the 

random generation of initial population is made using random 

set of chromosomes. Population size depends on optimization 

problems chosen. For larger population size the solutions are 

converged faster with few generations itself. But this needs 

more time for computation.When the convergence value is 

reached, the process comes to an end. The process continues 

by applying genetic parameters for the next generation and 

will continue till it reaches the optimum point. It should be 

ensured that the algorithm is tracking the global maximum. In 

Ref. [40], this GA method applied for MPPT based on the 

fuzzy logic approach under varying irradiance and 

temperature conditions. 

The GA is applied to choose the FLC parameters like rule 

base, membership function and tuning is done to their 

optimum value with the fitness as highest. Therefore there is a 

considerable improvement in the FLC performance for the 

optimizing techniques. 

MPPT controller based on enhanced bayesian method is 

discussed in [41] and based on voltage sensor based method is 

described in [42]. High speed MPPT tracking module is 

implemented in [43]. 

 

 
Fig. 10.  Flowchart for differential evolution algorithm in MPPT control 
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VI. ANALYSIS 

From literature reviews, many MPPT techniques are available 

ranging from traditional to advanced intelligent and 

optimization techniques. But all the techniques have the 

common objective of maximizing the output power from the 

PV under uniform irradiance and shading. The discussion of 

the various MPPT techniques is presented in this paper 

according to the factors namely, MPP tracking capability, 

methods of complex design, cost factor, ability to sense the 

change in environment, speed of convergence and conversion 

efficiency. 

 

6.1 MPP Tracking Capability 

Because of the unpredictable solar irradiance, there always 

occurs a partial shading tendency. Because of this condition, 

there is a formation of multiple peaks on the P–V 

characteristics, which will directly affect the efficiency of 

tracking of the system. 

 

Identify the design 
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Generate nest generation 
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operation: Selection, 
Crossover and Mutation

Yes

No

No

Start

Design the objective 

function
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Fig. 11. Flow chart of MPPT algorithm based on GA 

 

The true MPP are not exactly tracked by the MPPT 

algorithms which are traditional and therefore they are not 

suitable for true MPP tracking instead intelligent and 

optimization based MPPT algorithms are most suited for 

tracking the global maximum.Therefore the GA and the DE 

algorithms have the superior tracking capacity. ANN and 

FLC methods needs a separate driver circuit for the MPPT 

controller. 
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6.2.Methods of complex Design 

The factor of complexity in design plays a major role in 

choosing the most suitable MPPT for a particular application. 

The efficiency of tracking depends on the accuracy of 

algorithm which predicts the local peaks and attains the 

global peak. If not, the energy produced by the photovoltaic 

system will not be optimum. Human expertise in working 

with the analog circuits also plays a vital role in implementing 

MPPT. Most of the intelligent and optimization based MPPT 

algorithms are using only digital circuits. This needs a sound 

programming knowledge in software. 

 

6.3. Cost factor  

In many applications, especially while commercializing the 

new product, an economic factor to be considered as the most 

important. For MPPT, this cost depends on the number of 

sensors required for implementation of the system, the factor 

of complexity in the design and also the selection of analog 

system or digital system. Overall system cost is decided by 

the number of sensors and the type of sensors used. Because, 

current sensors are much costlier than voltage sensors. 

Implementation cost is also affected by the hardware types 

chosen for controlling the MPPT algorithm while the system 

capital cost is affected by the selection of algorithm applied. 

Also the analog circuits costs less compared with the digital 

circuits which requires the knowledge of programming in 

computer.  

 

6.4. Responsiveness 

The MPPT algorithm should be highly responsive for any 

changes in surrounding atmosphere. The MPPT algorithm 

must have quick response and trackingduring uniform solar 

irradiance and also shading condition. GA and DE algorithms 

will be update automatically for these changes in solar 

irradiation and temperature of atmosphere.  

 

6.5. Convergence Speed 

The convergence speed of the MPPT algorithm is decided by 

the sensitivity of the system. If the MPPT algorithm is highly 

sensitive then it should be able to converge at a very high 

speed to the desired operating voltage and current quickly, 

irrespective of changes inatmospheric conditions. Relatively, 

the traditional MPPT techniques require more time to attain 

the true MPP in comparisonwith the intelligent and 

optimization techniques. The intelligent and optimization 

techniques perform tracking with minimal or negligible 

oscillation. In a nutshell, while designing a PV system, the 

converging speed and the tracking performance are also the 

main factors.  

 

VII. CONCLUSION 

A review of MPPT methods and implementation methods 

have been presented. According to the method of tracking the 

maximum power from the photovoltaic array, the MPPT 

techniques were classified as conventional and intelligent 

control based techniques. The general photovoltaic cell model 

and its characteristics were discussed. The general 

explanation of each MPPT technique with its main 

advantages and disadvantages were presented. Each MPPT 

algorithm has a different control strategy. MPPT algorithms 

are classified according to MPP tracking capability, methods 

of complex design, cost factor, ability to sense the change in 

environment, speed of convergence and conversion efficiency. 

Literature review shows that the traditional MPPT algorithms 

will perform better under constant irradiance conditions. But 

under rapidly varying environmental conditions, the 

intelligent control based algorithms shows better results. In 

Perturb & Observe method and incremental conductance 

algorithm, the maximum power point will oscillate. This is 

the major drawback in conventional methods. The speed of 

tracking the maximum power is faster and the oscillations are 

reduced while using intelligent control based MPPT 

techniques. The ultimate focus of the various ongoing 

researches in MPPT algorithms is to achieve a simple, low 

cost and more efficient algorithm. Because of the non-linear 

characteristics of the photovoltaic cells, the need for MPPT 

controller is essential to harvest the maximum power from the 

cells. Therefore by making use of the proper MPPT technique 

for the photovoltaic systems, relying on fossil fuel sources 

can be minimized further in future by fully harvesting and 

utilizing PV power output. 
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