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Abstract- Applications of Photovoltaic (PV) panels are increasing day by 

day in worldwide. Electricity generation through PV panels is one of the 

best example for utilization of renewable energy sources i.e., solar energy. 

Hence, operating PV panels at their best utilization is must to make system 

cost effective. Due to nonlinear characteristics of a PV system, identifying 

a locations corresponding to operating condition at maximum power 

delivery is required to make system more efficient. In order to achieve the 

best utilization of PV panels, a maximum power point tracking (MPPT) 

technique should be implemented.  Hence, a MPPT method plays an 

important role in PV based power generation systems. However, an 

efficient algorithm is must to operate PV system at its MPPT level. In this 

paper a comparative performance analysis of two famous MPPT 

algorithms is presented in this paper. The Perturb and observed (P&O) and 

Incremental Conductance (IC) methods are developed in this paper for 

comparing their responses under variable irradiances. MATLAB/Simulink 

based results are presented in this paper under various operating 

conditions. 
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1. INTRODUCTION 

A photovoltaic (PV) cell is used to converter solar energy into electricity by photonic effect. 

A module can be made by using many number of PC cells with proper arrangements for 

producing voltage and rated current. Similarly PV array can be constructed with 

connections of multiple PV modules. However, the current and voltage characteristics of 

PV module/arrays are nonlinear in nature. Hence the operating points will be varying 

accordingly temperature and solar insulation or irradiances. Hence, a device is required to 

operate the PV system at its maximum level called as Maximum power point tracker 

(MPPT) circuit. Therefore, a MPPT network will be continuously tuned in a PV system for 

harvests maximum energy through solar panels at changing weather or load conditions.  

Due to increasing of both load demand as well as global warming day by day, utilization or 

renewable sources for electricity production has increasing. A standalone system, grid 

connected systems, including small scale and large power generations, solar cells for 

electricity production is attracting many scholars. Increasing of utilizing renewable sources 

can reduce the emission of greenhouse gases. However, due to nonlinear behavior of PV 

panels, we must operate the device on maximum possible efficient. This can reduce the 

overall cost and size of the system by avoiding more number of panels. Hence, an MPPT 

device is must to incorporate in system to achieve a best operation under high efficiency. 

Many MPPT devices are available and month them, a boost convert is best to operate under 

low irradiances also.  

Recently, many proposes are introduced for achieving MPPT operation. The amount of 

electric power generated from solar energy through a PV system is continuously varying 

accordingly Temperature and irradiations [1-3]. Due to the expensive system of installing a 

PV, it is required to use all of the available output power. Therefore, a PV array must be 

operated at its MPPT level irrespective of changes in temperature and solar irradiation level 

at all the time. Some of the popular methods are constant voltage method, constant current 

method, perturb and observe, incremental conductance, hill climbing approach, β approach, 

ripple correlation and system oscillation methods [4-8]. Generally voltage and currents of 

the PV system needs to be sense to find the best operating condition. A computer based 

programming or algorithm needs to develop for identifying a best location during changes 

in solar irradiance as well a temperature. However, partial shading on PV panels can be 

occurred at any time due to many factors. Under this scenario, an optimization technique 

should be hybridization with MPPT algorithm.  

The performances of MPPT by using perturb and observe method and incremental 

conduction algorithm is presented in this paper for tracking behavior. However, PV panels 

produce DC electricity when sunlight shines on the PV array, without any emission of 

harmful gases. Hence, it is becoming increasingly because of various advantages such are 

no fuel costs, noise and pollution free, less maintenance, among others. The paper is 

organizing under following sections. The basic idea of MPPT is explained in the Section-2. 

A detailed mathematical modeling is provided in Section-3. Various MPPT curves are 

depicted in Section-4. MPPT with P&O algorithm and its results are included in Sections 5 

and 6 respectively. MPPT with incremental conductance (IC) algorithm and corresponding 

results are included in Sections 7 & 8 respectively. Concussions ad references are arranged 

at the end of the paper.  
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2. BASIC PRINCIPLE OF MPPT 

Maximum power can be deliver at load can be possible by matching load and source 

impedances according to maximum power transfer theory. This can be defined by using 

below expression.  

                                      ZS=ZL 

Hence, the internal impedance of PV modules/array needs to be matching the converter 

impedance [2]. Hence, the system can get maximum power at any operating conditions. The 

PV array produces its variable power from the solar energy directly; it will be depending 

upon the atmospheric conditions. Voltage is boosting by controlling the current of the array 

with the use of proper control method designed with tuned PI controllers. The Fig 1 

presents a simple PV system with MPPT converter (DC-DC converter). A constant voltage 

will be produced by this converter. Therefore, this method can be help to charge the 

batteries. The converter can able to regulate the output voltage of PV system according to 

requirement. Hence, the MPPT device is regulating input voltage or current by forcing the 

converter to operate it at maximum power point level through a proper control method [9-

12]. 

 
                    
 

 

 

 

 

 

 

 

 

Fig.1. PV block with MPPT converter. 

3. MATHEMATICAL MODELING OF PV ARRAYS 
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Fig. 2. Equivalent circuit of a Photovoltaic Cell. 

 

Generally p-n junction diodes are using to make a solar cell which fabricated in thin layers 

of semiconductor devices. A simplest circuit is represented by a single current source with 

parallel diode as presented in Fig. 2. The output current of this circuit is varying according 

to the light falling on the cells (photocurrent Ipv, cell) .So the steps involved in modeling this 

circuit can be implemented based on below equations. 
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Here, 

IPV,cell is the current produced by the incident light.  

Idiode is the Shockley diode equation.  
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I0,cell  is the reverse saturation  or leakage current of the diode. 

T [K] is the temperature of the p-n junction.  

q = [1.6021764*10-19C]. 
k = [1.380650*10-23J/K]. 

αis the diode ideality factor in range of 1 and 2 [13].  

 

A DC-DC device is required with an efficient algorithm to achieve maximum power of PV 

module. By using different algorithms, it ensures the PV modules in a system always 

operate at their maximum power level under the variations in temperature, load and 

irradiation. Many algorithms were developed but P&O and IC algorithms are implemented 

in MATLAB Simulink platform in this paper. a comparative responses for various 

parameters are examined in the results section. 
 

4. I-V & P-V CHARACTERISTICS 

A. Change in Irradiance 

Changes in solar irradiance will results in shifting of vertical position in I-V curves of a PV 

system as shown in Fig. 3. Shifting of maximum power operating position will be held with 

respective of current and voltage. A maximum reference power can be assign by any 

software programming [14-16]. Corresponding output curves of PV system are functioning 

with respect to changes in solar irradiance. The nonlinear characteristics which are affected 

by irradiance are exhibited by PV panels. 

B. Changes in Temperature 

 
Fig.3. Change in I-V characteristics under various irradiances. 

Changes in temperature are a slow process and it might be faster under floating partial 

shading conditions. This phenomenon will results in shifting the I-V curve horizontally as 

per Fig. 4 and is implemented as a function of sine with period of 6sec [14-16]. Fig. 4 

shows the general characteristics with changes in temperature. Hence, characteristics are of 

nonlinear function as well as affect the output power. 
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Fig. 4. Change in I-V characteristics of various temperatures. 

5. MPPT USING P&O ALGORITHM  

Perturb and observe (P&O) mechanism will work on observations of the output powers 

generated by PV system and on the perturbations (increments or decrements) of the power 

with respect to changes of the array voltage or current. Further, the process will work 

continuously changes the reference current/voltage according to their previous values with 

respect to sample instants. This method is very simple and required only sense of voltage 

and current of the PV array. Moreover, the implementing cost of this method is very less 

and easy to implement for any rating. It is having a very less complexity time of the 

algorithm. It is having a feature that it can reach very closely to the MPPT point. 

The direction of MPPT voltage under the operation of P&O algorithm is depends on 

perturbation with small increment of power/voltage, hence results change in power ΔP is 

positive. The operating point goes away in case of negative ΔP [13]. Further, this process is 

required very small step change in voltage or current to identify accurate operating point.  

 

 

 

 

 

 

 

 

 

 

 
Fig.5 P and O Algorithm 
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Fig. 6. Flowchart of P&O approach. 

However, the P&O process has a slow dynamic response under consideration of small 

increment/change and low sampling rate. But, low change is necessary to reduce the steady 

state error. The lower the increment can helps to obtain the closer the peak. In order to 

achieve the satisfactory error of steady state, a small increment should be considered. 

However, the speed of the algorithm will be decided by the step change. A small change 

consumes more time but large change will have more error band in steady sate with creates 

more oscillations in output power of the PV system. To avoid this, a compromising is 

required between the step change and the sampling time [13]. 

The flowchart representation of the P&O algorithm is depicted in Fig. 6, and the P&O 

algorithm operates by periodically perturbing the operating voltage as per previous instant 

of the power. The voltage of PV array should be increased if changes in both voltage and 

power are positive. In case of any one is negative then the direction of next perturbation 

should be considered as negative. The increment of step in voltage will be positive in case 

of both changes in voltage and powers are negative. This process will be repeatedly going 

on until the system reaches its maximum power point level. 

6. SIMULATION OF MPPT USING P&O ALGORITHAM 

TABLE I 

 

Parameter of Circuit Values 

Resistance of load. R1=30.0Ω 

Filter Capacitance. C1=0.80mF 

Filter Capacitance of boost circuit. C2=0.80 mF 

Inductance of boost circuit. L1=0.30mH 
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TABLE II 

PV Module parameters Values 

Number of cell (Ns). 36 

Irradiance( So) 1000W/m2 

Ref.Temperature( Tref)     C 

Resistance in series( Rs) 0.008Ω 

Shunt Resistance( Rsh) 1000Ω 

Current when short circuited (Iso). 2.16e-8A 

Energy Band ( Eg). 1.12eV 

Constant (A). 1.20 

RESULTS 

 

 

 

 

 

 

Fig. 7. (a) Radiation varies from 1000 to 800W/m2. 

 

 

 

 

Fig. 7. (b) Corresponding output of Fig. (a). 

 

During this simulation experiment, solar irradiance is vary from 1000to 800W/m
2
 and 

temperature is maintained at    C. Under these changes in irradiation, the maximum PV 

power is changing from 48.0W to 60.0W. Fig. 7(b) represents that PV modules are tracking 

under maximum power phenomenal under the operation of the P&O algorithm. The 

maximum power of PV is denoted as Pmax. Fig.8(a) and (b) represents corresponding 

changes of stable boost converter (V_boost) voltage and voltage at PV system (Vcell). This 

boost circuit boosted the output voltage by 78.1% of PV module. There is a bosted actual 

power is 73.2%. 
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Fig. 8. (a)Voltage (V_ boost =80.750V). 

 

 

 

 

 

 

 

Fig. 8. (b)Voltage at PV  module  (Vcell=17.330V 

 

 

 
 

 

Fig. 8. (c) boost convert output current (I_boost=2.692A) 

 

 
 

Fig. 8. (d)output power of a boost converter (P_boost=217.352W) 

 

7. MPPT USING IC ALGORITHMS  

The incremental conductance (IC) approach is proceeding by differentiating the power of 

the PV system with respect to voltage. 

levelMPPat
dV

dI
V

dV

VId

dV

dP

pv

pv
,01

)(
  

Hence,  

VdV

dI 1
                 (2) 

In the above eq.(2), opposite of the PV system conductance is indicted by left-hand side, 

while the incremental conductance represented by its right side equation. So on the point of 

MPP, these two are equal but in opposite direction. , a set of inequalities can be derived 

from eq. (2) if the operating point is OFF of the MPP and further procedure represented by 

below equations. 

 

 at the MPPT     (3) 

 

 left of the MPPT    (4) 

 

 Right of the MPPT   (5) 

 

The process to identify the new MPPT location continuously even once the MPPT is 

reached. This change in currents will proceeds depends on a change in irradiance. The 

equations (3)-(5) will help to identify the best operating location for obtaining maximum 

power from PV system.  
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Fig.9.P-V of PV curves[1]. 
 

As presented in Fig. 9, the location of MPPT point will change as per the changes in solar 

irradiance. The location will move right side if change is voltage is positive. While 

decreasing of irradiance, the MPPT algorithm must increase the operating voltage of PV 

array.. 
Record load Voltage and Current calculation dI and dV

Calculate dI and dV

dI/dV=-I/V

Increse array 

operating 

voltage

dI/dV>-I/V

dI=0

dI>0

Decrease array 

operating 

voltage

Decrease array 

operating 

voltage

Increse array 

operating 

voltage

dV=0

Return

No Yes

No

No

No

No

Yes

Yes

Yes

Yes

 
Fig.10.Flow Chart of Incremental Conductance Method. 

 

A flowchart of IC process is depicted in the Fig. 10. The previous and present values of the 

solar array voltages and currents are identifying to achieve dV & dI. If both dV,dI are ‘0’, 

then the MPPT point will stick at present values till changes in atmospheric parameters. If 

dI > 0, then MPPT point has been increased when increasing value of irradiance. Hence, it 

is required to increase the voltage of PV array for tracking the MPP. If dI<0, the MPPT 

point of voltage should decrease in case of less irradiance as compared to previous. If 

dP/dV > 0 and dI/dV > -I/V, then, the MPPT operating location will be on left side. Which 

means, the voltage of PV system should be increased towards the MPPT point. Similarly if 

dI/dV<-I/V, then dP/dV< 0 then it will move to its right side[1]. 
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8. SIMULATION OF MPPT USING INCREMENTAL CONDUCTION ALGORITHM 

 

 

 

 

 

 

 
Fig. 11. (a) Radiation from 1000 to 800 W/m2. 

 

 

 

 

 

 

 

 

Fig. 11. (b) P max=60.535W and P=59.748W. 

 

 

 

 

 

 

 

 

 

Fig. 12. (a)Voltage output (V_ boost =80.4583V). 

 

 

 

 

Fig. 12. (b)Voltage output (V cell=16.2717V). 

 

 

 

 

 

 

 

 

 

 

Fig. 12.(c) Current output (I_boost=2.6819A). 
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Fig. 12. (d) Power Output (P_ boost=215.7846W). 

MATLAB Simulink platform is used to model the Fig. 1 to obtain various responses. The 

control parameters are adopted from data, and results are presented under various 

conditions.  

Under the changes mentioned in previous section, corresponding responses of various 

outputs with IC methods are presented in Fig. 12. Comparisons are listed in below Table. 

From the Table, observed that the P&O algorithm having some priority in extracting 

maximum power under less oscillations.  

Responses  P & O IC 

P(W) 59.77 59.75 
PMAX(W) 60.535 60.535W 
VCELL(V) 17.332 16.272 
V_BOOST(V) 80.75 80.46 

I_BOOST(A) 2.692 2.682 

P_BOOST(W) 217.352 215.785 

 

9. CONCLUSION 

This paper is presented for the analysis of the IC and P&O algorithms by simulating them in 

MATLAB Simulink. Extensive results re presented for comparisons of MPPT operation. 

The simulation of a PV module under changing of irradiance is performed to obtain 

maximum power. Various results are shown that the tracking behavior of maximum power 

by its actual power(P) using IC and P&O algorithms. There is some more power extracted 

by using P&O as compared with IC method which is observed from various graphs under 

various operating conditions. Both methods are suitable to extract maximum power, but the 

P&O is more superior than IC since it is working based on voltage perturbs of PV system. 

However, for large value of current of PV system, then IC method will be more suitable.  

REFERENCES 

[1]. Priyanka Malla, “Modeling and Control of a Battery for Renewable Energy Sources”, 

International Journal of New Technologies in Science and Engineering (IJNTSE), 

Vol. 8, Issue. 4, pp. 1-5, April. 2022. 

[2]. B. B. Rath et al., "Photovoltaic Partial Shading Performance Evaluation With a 

DSTATCOM Controller," in IEEE Access, vol. 10, pp. 69041-69052, 2022, doi: 

10.1109/ACCESS.2022.3186906. 

[3]. Malla, Siva Ganesh, Malla, Jagan Mohana Rao, Malla, Priyanka, Ramasamy, 

Sreekanth, Doniparthi, Satish Kumar, Sahu, Manoj Kumar, Subudhi, Pravat Kumar 

and Awad, Hilmy. "Coordinated power management and control of renewable energy 

sources based smart grid" International Journal of Emerging Electric Power Systems, 

vol. 23, no. 2, 2022, pp. 261-276. https://doi.org/10.1515/ijeeps-2021-0113 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454012003540
ICPES 2023

12003 

11

https://doi.org/10.1515/ijeeps-2021-0113


 

[4]. N Chandrasekhar, “Modified Grey Wolf Optimization Algorithm for MPPT of PV 

System under Partial Shading Conditions”, International Journal of New Technologies 

in Science and Engineering (IJNTSE), Vol. 8, Issue. 5, pp. 1-6, May. 2022. 

[5]. Priyanka Malla, “Novel Control Technique for MPPT of PV Standalone System with 

TSK Fuzzy controller”, International Journal of New Technologies in Science and 

Engineering (IJNTSE), Vol. 8, Issue. 8, pp. 1-7, Aug. 2022. 

[6]. S. G. Malla et al., "Whale Optimization Algorithm for PV Based Water Pumping 

System Driven by BLDC Motor Using Sliding Mode Controller," in IEEE Journal of 

Emerging and Selected Topics in Power Electronics, vol. 10, no. 4, pp. 4832-4844, 

Aug. 2022, doi: 10.1109/JESTPE.2022.3150008. 

[7]. Dash, D. P. Bagarty, P. K. Hota, R. K. Behera, U. R. Muduli and K. Al Hosani, "DC-

Offset Compensation for Three-Phase Grid-Tied SPV-DSTATCOM Under Partial 

Shading Condition With Improved PR Controller," in IEEE Access, vol. 9, pp. 

132215-132224, 2021, doi: 10.1109/ACCESS.2021.3115122 

[8]. S. G. Malla, P. K. Dadi and J. Dadi, "Wind and photovoltaic based hybrid stand-alone 

power generation system," 2017 International Conference on Energy, Communication, 

Data Analytics and Soft Computing (ICECDS), Chennai, India, 2017, pp. 3718-3725, 

doi: 10.1109/ICECDS.2017.8390158. 

[9]. Malla, Priyanka, Malla, Siva Ganesh and Calay, Rajnish Kaur. "Voltage control of 

standalone photovoltaic – electrolyzer- fuel cell-battery energy system" International 

Journal of Emerging Electric Power Systems, 2022. https://doi.org/10.1515/ijeeps-

2022-0047 

[10].  A. Dash, D. P. Bagarty, P. K. Hota, U. R. Muduli, K. A. Hosani and R. K. Behera, 

"Performance Evaluation of Three-Phase Grid-Tied SPV-DSTATCOM With DC-

Offset Compensation Under Dynamic Load Condition," in IEEE Access, vol. 9, pp. 

161395-161406, 2021, doi: 10.1109/ACCESS.2021.3132549. 

[11]. Siva Ganesh Malla, Priyanka Malla, M. Karthik, D. Satish Kumar & Hilmy Awad, 

"Modified Invasive Weed Optimization for the Control of Photovoltaic Powered 

Induction Motor Drives in Water Pumping Systems",  Iranian Journal of Science and 

Technology, Transactions of Electrical Engineering, early access 2023. 

[12]. N. Katta, M. P. Kumar, K. Mahender, D. N. Santoshi Rupa Priyanka Malla and S. G. 

Malla, "Whale Optimization based MPPT of Single Stage Grid Connected PV System 

with $\mathbf{H}\infty$ Controller," 2022 1st IEEE International Conference on 

Industrial Electronics: Developments & Applications (ICIDeA), Bhubaneswar, India, 

2022, pp. 220-226, doi: 10.1109/ICIDeA53933.2022.9970020. 

[13]. J. K. Singh, K. A. Jaafari, R. K. Behera, K. A. Hosani and U. R. Muduli, "Faster 

Convergence Controller With Distorted Grid Conditions for Photovoltaic Grid 

Following Inverter System," in IEEE Access, vol. 10, pp. 29834-29845, 2022, doi: 

10.1109/ACCESS.2022.3159476. 

[14]. M. W. Rahman, C. Bathina, V. Karthikeyan and R. Prasanth, "Comparative analysis of 

developed incremental conductance (IC) and perturb & observe (P&O) MPPT 

algorithm for photovoltaic applications," 2016 10th International Conference on 

Intelligent Systems and Control (ISCO), Coimbatore, India, 2016, pp. 1-6, doi: 

10.1109/ISCO.2016.7726991. 

[15]. N. Barua, A. Dutta, S. Chakma, A. Das and S. S. Chowdhury, "Implementation of cost-

effective MPPT solar photovoltaic system based on the comparison between 

Incremental Conductance and P&O algorithm," 2016 IEEE International WIE 

Conference on Electrical and Computer Engineering (WIECON-ECE), Pune, India, 

2016, pp. 143-146, doi: 10.1109/WIECON-ECE.2016.8009105. 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454012003540
ICPES 2023

12003 

12

https://doi.org/10.1515/ijeeps-2022-0047
https://doi.org/10.1515/ijeeps-2022-0047


 

[16]. T. M. Chung, H. Daniyal, M. H. Sulaiman and M. S. Bakar, "Comparative study of 

P&O and modified incremental conductance algorithm in solar maximum power point 

tracking," 4th IET Clean Energy and Technology Conference (CEAT 2016), Kuala 

Lumpur, Malaysia, 2016, pp. 1-6, doi: 10.1049/cp.2016.1300. 

[17]. S. U. Ramani, S. K. Kollimalla and B. Arundhati, "Comparitive study of P&O and 

incremental conductance method for PV system," 2017 International Conference on 

Circuit ,Power and Computing Technologies (ICCPCT), Kollam, India, 2017, pp. 1-7, 

doi: 10.1109/ICCPCT.2017.8074198. 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454012003540
ICPES 2023

12003 

13


