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Abstract— In recent years a lot of attention has been given 

towards application solar energy. The advantages of 

photovoltaic (PV) systems is the lack of greenhouse gas 

emission, lesser Maintenance costs, fewer limitations with 

respect to installation and absence of mechanical noise due 

to moving parts. The paper explains the behavior of various 

Maximum Power Point Tracking (MPPT) strategies applied 

to solar PV systems: Perturb and Observe , method of 

incremental conductance, and fuzzy logic based. The brief 

description of each method is given then the comparison is 

done by considering criteria are simplicity of 

implementation, irradiance variations. 
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I. INTRODUCTION 

Due to the critical condition of industrial fuels which 

include oil, gas and others, the development of renewable 

energy sources is continuously improving. This is the reason 

why renewable energy sources have become more important 

these days. MPPT algorithm is used in solar PV systems can 

operate at maximum efficiency. The system can be used in 

different irradiance conditions, and temperature variations. 

Implementation of different algorithms behaves 

independently of the different parameters and characteristic 

curves of the PV array. 

A. Photovoltaic Array Model: 

 
Fig. 1: Equivalent Circuit Model of PV 
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Where 

Ipv=photoelectric current,  

Io=diode saturation current, 

V t=junction thermal voltage,  

V=terminal voltage,  

Rs=cell series resistance,  

Rp=cell shunt resistance,  

A= diode ideality factor,  

Vt= kT/q;  

q is the electron charge [1.602x10
-19

 C], 

k is the Boltzmann constant [1.38.10
-23

 J/K] and  

T is the cell temperature 

 

Fig. 2: I V and PV Characteristics 

Its PV and IV Characteristics is shown in in Fig.2 

II. CONVENTIONAL MPPT TECHNIQUES 

A. Open Circuit Voltage and Short Circuit Current Based 

MPPT: 

Open circuit voltage method is the simplest method [1–5]; 

relation between open circuit voltage (Voc) and the 

maximum power point voltage (Vmpp) under different 

environmental conditions is linear and can be written as 

                           Vmpp = k2.Voc                                            (1.2)                                      

Where, k2 is a constant, depends on the solar cell 

characteristics. Value of this constant can be obtained by the 

measurement of Voc and Vmpp under different weather 

conditions. In case of   polycrystalline PV modules value of 

this parameter is taken from 0.73 to 0.80 [1-2]. From eq. (1) 

Vmpp is calculated by the measurement of the Voc   from 

equation (1). This successive tracked value of Vmpp, is taken 

as the set point and taken constant over a wide range of 

temperature and irradiance. The flow chart is shown in Fig. 

3. This method has mainly two disadvantages. First, the 

MPP may not be tracked much accurately. Secondly the 

measurement of Voc needs periodic shedding of the load, 

which   will cause losses in power. To overcome these 

losses of power, pilot cells have been used to find Voc [6, 7]. 
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Fig. 3: Flow Chart for Open Circuit Voltage And Short 

Circuit Current Method 

B. The Perturb and Observe Method (P&O) or Hill 

Climbing Method: 

P&O method is the largely used MMPT algorithm because 

its structure is simple and required lesser parameters than 

any other. it can be implemented by applying  perturbations 

in the reference voltage or t current  the solar panel. 

 
Fig. 4: Basic Idea of P&O Algorithm 

From Fig. 4 it can be seen that on the left of the 

MPP by increasing (decreasing) the voltage increases 

(decreases) the power and on the right of the MPP on 

increasing (decreasing) the voltage power decreases 

(increases). Hence if there is a rise in power, then 

corresponding perturbation should be continued to reach the 

MPP and the perturbation should be reversed in case if there 

is a decrease in power. This algorithm is summarized in 

Table I. 

Perturbation Difference in Power Next Perturbation 

Positive Positive Positive 

Positive Negative Negative 

Negative Positive Negative 

Negative Negative Positive 

Table 1: P&O Algorithm 

This algorithm is based upon the observation take 

from the PV array power output as well as on the 

perturbation in the power based on increments in PV voltage 

or current. This algorithm continuously increases or 

decreases the reference voltage or current from previously 

taken samples. In Fig.5 P&O algorithm of MPPT method is 

shown 

 
Fig. 5: Perturb and Observe Algorithm for MPPT 

C. Incremental Conductance Method (Inc) and Modified 

Inc MPPT: 

The Incremental Conductance (IC) algorithm is mainly 

based on the observation that the following equation that 

holds at the MPP. In this method [8] the slope of the PV 

array power positive on the left of the MPP, Curve is zero at 

the MPP and negative on the right, as given by 

           0
dP

dV
   ,         at left side of MPP       

        0
dP

dV
   ,        at right side of MPP 

          0
dP

dV
    ,          at the MPP 

         Also, 
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       Hence above equation can be expressed as 
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Fig. 6: Incremental Conductance Algorithm 

The MPP can be tracked by making comparison of 

instantaneous conductance I/V to the incremental 

conductance        . When MPP has been reached, the 

operating of PV array is remained at this point and the 

perturbation stopped unless a change in    is noted. The IC 

method offers good performance under rapidly changing 

atmospheric conditions. Incremental conductance algorithm 

is shown in Fig.6. 

The incremental conductance method overcomes 

the oscillation around peak power point under fast varying 

atmospheric conditions. During rapid changes in irradiance 

this method tracks rapidly. INC  method has advantage over 

the P &O that  it does not oscillates around the MPPT but 

directly reaches over there .The disadvantage of this 

algorithm is that it is very complex. [9]. 

III. INTELLIGENT CONTROL METHODS BASED MPPT 

Some intelligent control methods have the choice of 

working with variable inputs, rather than authentic 

mathematical model. These methods are explained here [10-

15]. 

A. Fuzzy Logic Control (FLC) Based MPPT: 

In fuzzy logic based controller the duty cycle of converter is 

changed according to the error voltage input so that PV 

voltage becomes equal to corresponding maxima. The 

reference voltage is compared with the instantaneous value 

of PV array voltage to get the error voltage. Since this error 

voltage corresponds to maximum voltage at some insolation 

hence this maximum voltage and reference voltage changes 

accordingly. The above controller works in following three 

stages [10]. 

1) Fuzzification:  

In this process the linguistic variables are generated via 

numerical values of change in the error of voltage. After this 

membership functions are carefully picked and range of 

membership function should be in between [-1, 1]. In the 

maximum power point tracking there are basically two 

variables power and voltage, these variables are taken to 

generate some rules for fuzzy sets with linguistic variables. 

This can be elaborated in Fig. 7. 

 
Fig. 7:  Fuzzy Based Control Method 

2) Fuzzy Based Rules:  

Some rules are made on basis of IF-THEN condition and 

this rule base corresponds to fuzzy inputs and outputs. After 

that Rule base tables are created they give possible 

combinations of corresponding rules satisfying different 

conditions. 

3) Defuzzification:  

The process in which the linguistic variables are again 

converted to numerical variables as the output of fuzzy 

controller based on the membership function is 

defuzzification. The inputs to a MPPT fuzzy logic controller 

can be error E and a change in error ΔE. The user can 

choose how to compute E and ΔE. 

 
Table 2:   Fuzzy Logic Based Rules 

Since dP/dV vanishes at the MPP, [20]  

( ) ( 1)
( )

( ) ( 1)

P k P k
E k

V k V k

 


 
                    (1.3) 

And ( ) ( ) ( 1)E k E k E k   
 

Output of fuzzy logic controller is change in duty 

ratio. The lookup table can be shown here Fuzzy levels that 

are used: NS (negative small), NB (negative big), ZE (zero), 

PS (positive small), and PB (positive big). 

B. Artificial Neural Network (Ann) Based MPPT: 

The artificial neural network has a ability to nonlinear model 

deriving technique. These networks contain self-adapting 

capability to handle parameter variations.  

ANN control model operates just like a black box, 

having no detail about the PV array system [16]. The link 

between input layer Ith and hidden layer Wth  has weight as 

shown in Fig.8. 

 

Fig. 8: Neural Network 

For MPPT, ANN input can be solar array 

parameters like   voltages, currents, environmental 

parameters like irradiance and temperature, whereas the 

output signal is the identified maximum power content or 

the duty cycle that is used to drive the converter to operate 

at the MPP. The Neural Network input and output data are 

extracted from experimental measurement or simulation 
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results. ANN can track the MPP online after learning based 

relation with temperature and irradiance, [16]–[19]. 

C. Particle Swarm Optimization (PSO) Based MPPT: 

Particle swarm optimization is an algorithm based on the 

behavior of birds. Since PSO contains a swarm of particles, 

which suggests a candidate solution for the optimization 

problem. The success of all particles in the mob is basic idea 

behind PSO algorithm. It can be said that the position of 

each particle is affected by their neighboring particle, which 

suggests the best solution through the current particles Pb, as 

well as the best solution suggested through the entire 

population G. The particle position xi is adjusted using 

following equation 
1n n

i i ix x v                                                     (1.4) 

Where the velocity component vi represents the step 

size which can be is solved by using the following 

expression 
1

1 1 2 2( ) ( )n n n n

i i b i iv v k r P x k r G x              (1.5) 

Where   is the weight, k1 and k2 are the n 

coefficients of acceleration, r1 and r2 are random values that 

lying in interval of [0, 1], Pb   is the best position of particle 

n, and G is the best position in the entire population. 

IV. CONCLUSION 

This paper has presented a various Maximum Power Point 

Tracking techniques related to their energy performance and 

efficiency. Several MPPT techniques taken from different 

papers are discussed. It is shown that there are several other 

MPPT techniques than those commonly included in 

literature reviews. This can be a useful in choosing the right 

MPPT method for specific PV array. 
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