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Abstract 
 
Nowadays the entire world focuses on produce electricity form the Solar 

Photovoltaic (SPV) cells. The SPV is the mostly preferred Renewable 

Energy Sources (RES) as related to the various RES. The SPV is generating 

the DC power, by using power converters to satisfy the load requirement. For 

tracking the maximum power from the SPV cells need some tracking 

controllers, at present so many Maximum Power Point Tracking (MPPT) 

controllers are there, out of that Perturb and Observe (P&O) and Incremental 

Conductance (IC) are the best-recommended tracking techniques in the 

industries. The P&O and IC techniques are working on constant temperature 

and changing irradiant or vice versa. But the modified MPPT works on 

changing temperature and changing irradiance with producing minimum 

ripples and less Total Harmonic Distortion (THD) at the converter output. In 

this presented an inverter performance with existing MPPT techniques and 

modified MPPT technique the whole system performance is performed in 

MATLAB/Simulink software. 
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1 Introduction 
 

The population growth of the world is being increasing day by day and 

correspondingly power demand also increased for their higher standard of 

lifestyles [1]. To fulfill their living styles, electric power plays a major task 

and hence, all the countries are looking forward to generating power from 

changing power sources like coal, oil, and RES [2].  At present, electrical 

power is produced from many RES, such as hydro, tidal, wind and solar, etc. 

[3] Among these, solar-based electric power generation is mainly 

concentrated because of pollution-free, less price, and huge energy potential 

towards electrical power generation [4]. According to the survey on the 

renewable energy system to build 175 GW in India by 2022, so 90% of the 

energy is generated from wind and solar [5]. From the last few years growth 

of solar energy is increasing 20-25% rapidly in India.  

The main factor for reducing cost in solar is solar cell efficiency is 

increased rapidly and manufacturing methods also improved [6]. The 

designing of the PV cell has discussed in detail with mathematical 

expressions. By utilizing the MPPT controllers to attain maximum power 

from the PV [7]. Temperature and irradiance are playing a major role in 

succeeding maximum power from the PV [8]. For achieving the maximum 

power from PV so many MPPT algorithms are proposed by the authors, out 

of that P&O and IC are the most user-friendly and simple in design point of 

view [9]. After getting dc power from SPV to boost the PV output with the 

help of boost converters [10]. The P&O and IC are working on changing 

temperature and constant irradiance or vice versa so, to beat the problems in 

the existing MPPT algorithm a modified MPPT was proposed in this paper 

[11].The modified MPPT work on both conditions like changing temperature 

and changing irradiance vice versa. So many authors proposed many MPPT 

algorithms [12].  

With the help of power electronics to easily handover PV power into the 

standalone load or electrical grid through the conventional or multilevel 

inverter (MLI) [13]. The usage of MLIs is increased from the last few years, 

due to their merits like reduced switching stress on the switch, reduction of 

harmonics contents, Electromagnetic interference, and filtering requirements 

and also suitable for utility application over conventional inverter [14]. For 

controlling the inverter switches, a Multi-Carrier PWM (MC-PWM) method 

was used. This article presents the proposed modified MPPT techniques 

results with a changing in temperature and changing irradiance, similarly, 

check the existing MPPT techniques and compared with the modified MPPT 

controller. The modified MPPT controller gives well result as compared to 

the existing techniques in terms of THD and minimum ripples at the inverter 

output.   
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The effectiveness of the overall system is validated through 

MATLAB/Simulink. In this article the literature survey is discoursed in 

section two, the mathematical modeling of SPV is discoursed in section 

three, the MPPT techniques are discoursed in section four, and the results are 

presents in section five.      

 

2 Literature Survey 
 

A new MPPT was proposed by [15] this technique is the combination of 

fractional short circuit current and conventional P&O. In this MPPT the 

output power produce very less oscillations. Generally most MPPT 

techniques are tracking the maximum power from the solar but a modified IC 

was proposed by author [16]. In this modified IC works both MPPT and 

Solar Tracking (ST). Author proposed a Firefly Algorithm (FA) this 

algorithm works effectively in partial shading conditions most conventional 

algorithms are unable to track the maximum power from the solar in partial 

shading conditions but the FA produce better output power in partial shading 

conditions also [17]. A model free solution algorithm was proposed by [18] 

the other name of this algorithm is S-Jaya algorithm the main moto of this 

algorithms is works in normal condition as well as partial shading condition. 

It works both the conditions effectively and produce the better output power. 

All the above mentioned MPPT techniques are works in constant temperature 

with variable irradiance or vice versa. But the proposed MPPT work in both 

conditions like change in temperature with change in irradiance vice versa. 

So the proposed modified MPPT work in both the cases and produces better 

output power with minimum ripples.       

 

3 Mathematical Modeling of SPV 
 

To form a PV module several cells are grouping together, similarly by 

grouping the number of modules to form a PV array. The key role of the PV 

panels is to produce electricity when it is placed in sunlight. Whenever 

design a PV based system the panels are placed in series or parallel 

combination. If the panels are aligned in series to get high voltage, otherwise 

the panels are aligned in parallel to get high current at the output side. 

Whenever to place a PV panel place towards the south direction. With the 

help of the following equations, the PV model was designed. Figure. 1 

represents the conventional PV cell.  Table. 1 represents the solar PV array 

specifications for simulation. 
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Figure 1: Conventional PV cell circuit 
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Table 1:Solar PV array Specifications for Simulation 

SN Parameters Values 

1 
Bandgap Energy of Semiconductor (EGO) in 

eV 
1.1 

2 Series resistance (Rse) 0.1133 Ω 

3 Shunt resistance (Rsh) 300 Ω 

4 Electron charge (Q) 1.6x10-19 

5 Boltzmann’s constant (K) 1.38x10
-23

 

6 Nominal temperature (Tn) in kelvin 298 (25+273) 

7 Irradiance 200-1000 W/m
2
 

8 Coefficient of temperature at ISCR (ki) 2.2*10
-3

 

9 Coefficient of temperature at VOC (Kv) 10*10
-3

 

10 OC voltage of Module (VOC) 28.54V 

11 SC current of Module (ISCR) 4.94A 

12 No. of Solar Cells per panel 36 

13 No. of panels allied in Parallel (Np) 2 

14 No. of panels allied in series (Np) 5 
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4  MPPT Techniques 
 

MPPT control techniques are essential for control the power from the PV 

panels, it gains better performance from panel even variant climatic 

conditions. With the help of the MPPT control techniques to make the 

switching pulse and that pulse is applied to the boost converter switch. For 

tracking the maximum power from the PV so many MPPT techniques are 

available, mainly P&O and IC are the most popular and user-friendly 

techniques.  

 

4.1 Perturb and Observe controller 
 

Coming to the P&O controller, it is easy and simple control technique 

Figure. 2 indicates the working chart of the P&O controller. Based on the PV 

voltage, the perturbed point is changed in each point PV power is compared 

after and before perturbation. After the perturbation process power has raised 

in the PV, the operational point is moved forward to the MPP. 

 
Figure 2: working chart of the P&O controller 
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In case power has decreased in the PV, the operational point is moved 

backward from the MPP hence the opposite perturbation track is necessary 

for the following perturbation rotation. The cycle continues endless and the 

duty cycle is fed to the converter. The numerical expressions of the P&O 

controller are disused in equation 7. 

 

 
   

   

1

1PV pv pv

P K P KdP
K

dV V K V k

 


 
                                             (7) 

Here, P (k) and P (k-1) indicate the earlier and present power, Vpv (k), 

and Vpv (k -1) indicate the previous and present voltage of the PV array. PV 

system voltage varies continuously so it requires more perturbation steps. 

The perturbation steps are chosen very carefully. 

 

4.2 Incremental Conductance  
 

P&O controller has few drawbacks for getting maximum power from the 

PV panels so, to overcome those drawbacks an Incremental Conductance 

technique was proposed. As compared to P&O, the IC techniques have a 

minimum number of oscillations and it is very feasible in perturbation size. 

The selection of step size in IC has fast dynamics and it decreases the 

oscillations. When the IC reaches the MPP then terminates the perturbing. If 

it does not reach the MPP, calculate the perturbed point by utilizing the 

relation among them. In this relation, it shows negative it means MPPT is 

right of the MPP otherwise, it shows positive it means MPPT is left of the 

MPP. The converter duty cycle is generated based on the following 

equations. 
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Where ΔP, ΔI and ΔV is the change in power, current, and voltage. 

Figure. 3 represents the flow chart of the IC controller. 
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Figure 3: Flow chart of the IC controller 

 

4.3 Modified MPPT Controller  
 

Now, a modified MPPT algorithm was proposed to analyze the change in 

power along with a change in current and voltage. In conventional MPPT 

algorithms (P&O and IC) the change in power is very small and very large 

was occurred for each iteration. Because of this, the conventional MPPT 

algorithms produce a huge variation in the pulse magnitude along with 

making unequal variations in the duty angle. So, it creates a few errors in the 

inverter and boost-converter outputs. To avoid this issue dI and dV are taken 

for the modified MPPT. These the dI and dV detect the change in power in a 

better mode than the conventional methods and achieve the better in the duty 

pulse along with minimizing the total harmonic distortion in the inverter. So, 

finally rippled free power supply can be delivered to the inverter, to get 

minimum distortion and THD at the inverter output. As compared to existing 

MPPT algorithms the modified algorithm gives less THD. Figure. 4 signifies 

the flow chart of the modified MPPT technique. Table. 2 represents the 

output parameter values of the PV module with changing irradiance. By 

decreasing the irradiance the corresponding PV module output also 

decreased. In this case, the irradiance range is taken from 200W/m2 – 

1000W/m2. Similarly Figure. 5 (a) represents the P-V and I-V curves of the 

PV module with varying irradiance.     
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Figure 4: Flow chart of the modified MPPT controller 
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5 Results 
 

In the proposed system the PV panels are arranged in parallel 

combination and series combination. The ISC is 9.88A and VOC is 142.7V so, 

the maximum power is gained from the PV is 1409.876W the entire system 

is simulated in MATLAB. Here, ten PV panels are considered for generating 

a required output voltage all are operated at MPP the results are represented 

below.  

 
Table 2: PV module parameters (V, I and P) with different irradiance conditions 

 

S. No Irradiance 
Panel Parameters 

V I P 

1 1 28.64 4.887 139.96 

2 0.8 28.33 3.91 110.77 

3 0.6 27.91 2.932 80.01 

4 0.4 27.29 1.955 53.35 

5 0.2 26.02 0.9774 25.43 

 

Table 3: PV array parameters with different irradiance conditions 

S. No Irradiance 
Parameters 

V I P 

1 1 141.1 9.862 1391.52 

2 0.8 139.2 7.89 1098.28 

3 0.6 136.6 5.917 808.26 

4 0.4 132.2 3.945 521.52 

5 0.2 115.7 1.972 228.16 

 

Table. 3 represents the outputs parameter values of the PV array with 

changing irradiance. In this case, the irradiance range is taken from 

200W/m2 – 1000W/m2.  Similarly, Figure. 6 (a) and 6 (b) represent the P-V 

and I-V curves of the PV array with varying irradiance.      
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Figure 5: P-V and I-V curves of the SPV module with changing irradiance 

 

 

 
Figure 6: P-V and I-V curves of the SPV array with changing irradiance 

 

 

 
Figure 7:P-V and I-V curves of the SPV module with changing temperature 
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Figure 8: P-V and I-V curves for an SPV array with changing temperature 

 

Figure. 7 signifies the P-V and I-V curves of the PV module with 

changing temperature and constant irradiance. In this case, the irradiance is 

maintained constant at 1000W/m2, but the temperature is changing from 

25
o
C to 100

o
C. Figure. 8 represents the P-V and I-V curves of the PV array 

with changing temperature and constant irradiance. In this case, the 

irradiance is kept constant at 1000W/m2, but the temperature is changing 

from 25
o
C to 100

o
C.  

 

 
Figure 9: P-V and I-V curves for an SPV module with changing temperature and 

changing irradiance 

 

Figure. 9 signifies the P-V and I-V curves of the PV array, in this case, 

both irradiance and temperature are changing. Here, the irradiance is changed 

from 1000 W/m2 to 200 W/m2 similarly the temperature is varying from 

25
o
C to 100

o
C  

Figure. 10 signifies the DC-DC boost converter output voltages, Figure. 

10 (a), 10 (b) and 10 (c) signifies the boost converter output voltage by using 

P&O, IC, and modified MPPT controller.  
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From Figure. 10 to observe the proposed modified MPPT algorithm 

gives better output results as compared to existing MPPT algorithms. The 

proposed modified MPPT has produced less settling time and less rippled at 

output waveform.  

 

 
Figure 10: Boost converter output voltages 

 

6 Conclusion  
 

In this paper, concept of the SPV cells working and mathematical 

modeling discoursed in brief. Similarly, the importance of the MPPT 

algorithms and their performance is explained in detail. Here, the proposed 

system is tested with both existing and proposed modified MPPT algorithms. 

The proposed modified MPPT algorithm works on both situations like 

changing temperature and changing irradiance. Here, the performance and 

functioning of the boost converter were tested with both existing and 

proposed modified MPPT algorithms. The proposed modified MPPT 

algorithm produces minimum ripples at converter outputs as compared to 

existing MPPT algorithms. The entire system performance is tested by using 

MATLAB/Simulink. 
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