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Abstract 
  

Solar photovoltaic systems mainly use maximum power point tracking 

control method for extracting maximum power under different condition of 

demand variation. Some of the efficient maximum power point tracking 

control methods used in solar photovoltaic array system are perturbation & 

observation, incremental conductance etc. In this paper, these control 

strategies have been discussed & compared. These maximum power point 

tracking control methods vary in cost, complexity, speed of convergence 

hardware implementation, sensors required & effectiveness. Also, a 

simulation model for extracting maximum power from solar PV system 

under varying load condition by using above mentioned control algorithms 

has been presented. It has been found that a constant & maximum output 

power can be achieved by applying MPPT control methods in a solar PV 

system.When MPPT methods are not applied, then output power varies at 

different load & also not able to attain its maximum. 

 
Keywords: Incremental Conductance (Inc-Cond), maximum power point 

tracking (MPPT), maximum power point (MPP), Perturbation and 
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1 Introduction 

The global demand has increased continuously over the last few decades. 

This increased demand has also increased global warming. In today’s World 

environment and energy has become a serious concern. Advanced countries 

are trying to reduce their green house gas emission [1]. Hence alternative 

sources of energy have become more important. Since photovoltaic power 

generation is a green source, so it has an essential part to play[4].  

The performance of power transfer from the PV cell or a PV array 

depends on the electrical load characteristics and also on the solar energy 

incident on the solar arrays or panel. As conversion efficiency of solar 

photovoltaic systems is highly influenced by environmental changes & 

varying load condition. Therefore, it is mandatory to find the peak power i.e., 

maximum power point (MPP) to maximize the energy production in varying 

demand situation[5-22]. 

 It is exceptionally crucial to record the MPP effectively under every 

conceivable condition so that the maximum accessible power is constantly 

accomplished. Solar photovoltaic systems mainly use maximum power point 

tracking control method for extracting maximum power under different 

condition of demand variation. 

Here, MPPT control methods for solar PV system such as perturbation & 

observation, incremental conductance has been discussed & compared. 

These algorithms work efficiently under constant irradiance condition. These 

maximum power point tracking control methods vary in cost, complexity, 

speed of convergence hardware implementation, sensors required & 

effectiveness. 

    This paper also shows a simulation model for MPPT from solar PV 

system under varying electricity demand conditions. A solar PV array system 

usually converts about 32 % - 42 % of incident solar energy into electrical 

energy. Our moto is to enhance the electrical power output & therefore the 

oveall efficiency of solar PV array system increases by using MPPT control 

approach.  

The paper is organized in six sections. Section 2 presents working of 

solar PV MPPT system. Section 3-4 presents MPPT algorithms for solar PV, 

in which we have discussed about different methods based on cost, 

convergence speed, implementation complexity and their working. Section 5 

discusses simulation & results. Section 6 presents the conclusion. 

 

2 Maximum Power Point Tracking (MPPT) Algorithms 
 
MPPT algorithms are essential in PV applications because the MPP of a 

solar panel varies with the temperature & irradiation. Therefore, it is 

essential to extract the maximum power from solar PV array. Many of the 

methods to locate the MPP have been developed and published in the past 

decades. These techniques are varying in a variety of aspects like cost, range  
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of efficiency, convergence speed, required sensors, complexity, exact 

tracking when irradiation and/or temperature change etc. [5]. Among these 

techniques, the time intricacy taken by the algorithm in tracking the MPP, 

determines the type of algorithm to be selected. Mainly P & O, Inc Cond 

algorithm are most common because   of their simple implementation, 

minimum time required to track the MPP & also due to their other economic 

concerns. 

A MPP tracker is a DC-to-DC converter mainly used as an electrical 

load for a PV system. This provides current or voltage or power level as per 

the load requirement.  Fig. 1 shows block diagram of solar PV array 

connected to electricity load through MPPT controller. 

The PV curve of a solar panel has MPP, which can be tracked by 

maximum power point tracker. This helps in extracting maximum power 

through solar PV system at agiven irridance. 

The MPPT controller makes the solar PV module to operate at voltages 

close to the MPP to extract the available maximum power. Fig. 2 shows 

MPP on V-I graph of solar PV array. 

 

 
Fig. 1. Block diagram of PV array connected to electricity load through MPPT 

controller. 

 

 
 

Fig. 2. Graph showing MPP. 
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Some of the popular MPPT methods have been explained below. 

 

3 Perturb & Observe MPPT Technique 
 

The perturb & observe MPPT control method work on the principle that 

when the operating voltage of the solar PV array is disturbed by a small 

increment, if the resulting changes in power Δ P is positive, and then it 

indicates that we are going in the direction of MPP and we keep on 

perturbing in the same direction. If ΔP is negative, then it means that the sign 

of perturbation applied must be change as we are going far from the MPP 

direction as show in Fig. 3 at a given irradiance. The size of the perturbation 

is kept very small so that the power difference also remains small [7]. If the 

irradiance is varied, then MPP also changes as shown in Fig. 4. But P & O 

algorithm takes it as a change due to perturbation & hence changes the 

direction & began to move away from the MPP in next iteration. In this 

algorithm only voltage sensor has been used to measure PV array voltage. 

The flowchart for this algorithm is shown in Fig. 5. 
 

 
 

                        Fig. 3.  Poin A & B Moving Towards MPP in P & O Method at a 

Given Irridance.  

 
 

Fig. 4. MPP for a Solar PV Array at a Varying Irridance 
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Fig. 5. Flowchart of P & O Algorithm. 

 

4 Incremental Conductance MPPT Method 
 

     This technique utilizes current and voltage sensors to sense the yield 

current and voltage of the PV array. This method depends on the slope, 

which is zero at MPP for a given PV module. The maximum output power, 

PMPP = VMPPIMPP, is acquired by differentiation of the PV output power with 

respect to the voltage and equating the result to zero:  

 
                                             dP/dV = I+VdI/dV = 0                                          (1) 

                                              dI/dV =    Δ I/ Δ V= -IMPP/ VMPP                            (2)  

 

 To test whether the PV generator is close to Maximum Power Point or 

far away from it or even operating at it or not, one can do it by calculating 

the derivative: 
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The instantaneous conductance of the solar panel is in left hand side. 

When conductance of solar PV array becomes equal to this instantaneous 

conductance then the MPP is achieved. At the MPP, Vref, i.e., the reference 

voltage equals to VMPP. The flowchart of Incremental Conductance method is 

given figure 6 below: - 

 

 
                       Fig 6 flowchart of Incremental Conductance method 

Comparison of above both stated MPPT method is given below in Table 

1, Where L: low, M: medium, H: high, Y: yes, N: No  
  

Table 1. Different MPPT Algorithm  Characterstics 

 

      MPPT 

Algorithm 

Converg. 

Speed 

Implement. 

Complexity 

Periodic 

Tuning 

Sensed Param. 

Perturb & 

observe 

L L N Volt, Ampere 

Incremental 

conductance 

Vari. M N Volt, Ampere 
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5 Simulation & Results 

  Now, the simulation model has been designed in MATLAB for 

connecting solar PV to electricity load through P & O, Inc. Cond. MPPT 

control algorithm. Fig. 6 shows the simulation model of a solar PV 

connected to electricity load through P& O MPPT control algorithm. Fig 7 

shows the simulation model of a solar PV connected to electricity load 

through Incremental Conductance method. 

 

 

 

 
 

Fig. 6.  Simulink Model of P & O MPPT Method 
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      Thus, a constant & maximum output power can be achieved by 

applying MPPT control methods for solar PV applications. Whereas when 

MPPT methods are not applied then output power varies at different load & 

also not able to attain maximum output power.  

     Therefore, under varying electricity demand conditions there is no 

change in the output power if MPPT method is used and the maximum 

output power can be achieved. This is also very much clear from Table II 

where electricity demand is being varied & therefore at this varied demand 

the maximum power obtained through solar PV array is also changes. But by 

using MPPT control algorithms a constant & maximum power is achieved 

under varying load condition for a given solar irradiance & therefore the 

efficiency of the whole electrical system increases. 

   Here, boost converter is used to step up the initial low voltage output to 

a higher level. Also, the switching losses is minimized or removed using 

boost converter. Fig. 8 shows the block diagram of an MPPT controlled solar 

PV system. Fig. 9,10,11 shows output power characteristic at different state 

as represented in figure below. 

 
 

 

 
Fig. 7.  Simulink Model of Inc. Conductance MPPT Method 
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Fig. 8. Block Diagram of an MPPT Controlled Solar PV System. 

 
 

Fig. 9.  The graph between power output (Watt) & time (seconds) for 10 Ω 

electricity demand without MPPT. 
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Fig. 10.  The graph between power output (Watt) & time (seconds) for 10 Ω 

electricity demand with P& O MPPT control method. 

 
Fig. 11.  The graph between power output (Watt) & time (seconds) for 08 Ω 

electricity demand with P& O MPPT control method. 

 

6 Conclusion 

In this paper, MPPT methods for solar PV system have been discussed. 

These methods are compared based on their working method, 

implementation complexity, cost of implementation, convergence speed and 

their sensed parameters. Table 1 presented is helpful in choosing an 
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 appropriate MPPT method. A constant & maximum output power can be 

achieved by applying MPPT control methods for solar PV applications. 

When MPPT methods are not applied then output power varies at different 

load & also not able to attain maximum output power. Therefore, by 

employing an MPPT control method for the solar PV the efficiency of the 

system is increased.  
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