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Abstract:--- This article evaluates the achievements of 

classical MPPT algorithms applied to a solar PV arrays and also 

recommend a novel modified adaptive incremental conductance 

(MAINC) MPPT method which affords superior proficiency 

under rapid multiple insolation changes in climate. 

MATLAB/SIMULINK tool is employed to examine the soundness 

of the novel algorithm under fast climate changes. The out turn 

denotes that the MAPO technique succeeds in achieving better 

capture of energy, conversion efficiency, settling time and 

minimum steady state oscillations. 

Keywords--- MPPT algorithms; Modified adaptive INC; Photo 

voltaic system; MATLAB/SIMULINK 

I. INTRODUCTION 

Power of sun is the genesis for all power styles. Its 

potency in Bharat is gigantic as a result of the bulk of the 

countries torrid earth mass is found exquisitely for optimum 

solar insolation. Research remains occurrence for raising the 

feat of solar arrays, MPPT regulators and DC/DC 

converters[1]. Such technological economic enhancements 

provoke the alternative energy in Bharat could be a quick 

developing business and intended by 2022 to 100 GW. 

Integrated regulator with PWM unit is that the prime 

fragment in the midst of PV array and an influence 

convertor to deliver peak power. MPPT module target is to 

spot the null slope of the V-P plot of module. Researchers 

develop an enormous variety of MPPT systems over the past 

decade [2][3][4]. Strategies of classical approaches are the 

industrial MPPTs over long time.  

At present largely, the analysis centered on MPPT 

schemes [5-8], where correlatives of the assorted MPPT 

schemes are mentioned. Anyhow, the peak PV power 

forever remnant a prime rival in relevant works. 

Investigators have suggested distinct MPPT schemes to 

obtain peak PV power, like classical and intelligent 

techniques [9][10]. However, classical methods separate the 

PV array to assess the necessary current or voltage. Hence, 
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the waste of energy is raised by the cyclic separation of the 

PV array [11]. On the other hand, intelligent techniques are 

powerful in pursuing MPP and gain a stable MPPT method 

due to their skill to handle the PV array nonlinearity. They 

still demand gigantic storage for fulfilment of rules and 

required knowledge.  

This article intention to debate a pertinent of the PV 

module feat supported the result of modified classical MPPT 

techniques. This article is conferred into four portions: 

Section two contributes the PV panel, DC/DC converter 

models and MPPT approaches. The outcomes and notices 

are shown in part three. Finally, conclusions are specified in 

last quarter. 

II. MODELLING OF OVERALL SYSTEM 

The foremost system parts are  

• PV panels  

• MPPT regulator and  

• Boost converter  

A PV array modeling  

The panel model is that the principal part in overall 

system. Fig.1 exemplifies the essential diode electric circuit 

PV array. Fig.2 reveals the deportment of the panel. The 

current expression Ipv, is attained with Kirchhoff Laws, as 

in (1) [12]. This expression is resolved employing an 

appropriate numerical methodology. 

 

 
Fig. 1.PV panel model with one diode 
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Terminology 

Iph - Photon Current 

Is - Saturated dark current 

Vpv - Panel Voltage 

Rs - Series Resistance 

A - Ideality Quality 

VT - Thermal Emf 

k - Boltzmann Constant 

T - Temperature at p-n junction 

q - Electron Charge 

Rsh - Shunt Resistance 

PV - Photo Voltaic 

MPP - Max. Power Point 

MPPT - Max. Power Point Tracking 

STC - Std Test Conditions 

P&O - Perturb & Observe 

InC - Incremental Conductance 

Gstc - Irradiance at STC (1000W/m2) 

Tstc - Temperature at STC (250C) 

α  - Current temp. coefficient 

β  - Voltage temp. coefficient 

VS  - PV panel voltage  

ΔiL  - Inductor current ripple 

f  - Switching frequency 

 

 
Fig. 2. PV panel characeristics 

 

Iph and Is are formulated [13] in (3) and (4). 
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B. MPPT approaches 

MPPT regulators augmented with several types of MPPT 

methodologies [14]. Classical MPPT procedures are ample 

to reach MPP under uniform insolation and unfit for quick 

dynamic climate change. The adaptive P&O, modified 

adaptive P&O and InC procedures are favoured for MPPT 

regulators for quick dynamic climate change. Adopted 

perturbation is 0.07% in simulation. 

1) Adaptive P&O approach: This approach is initiated 

from the results of earlier investigation. The adoption in the 

approach includes the dynamic perturbation step by the 

automatic parameter ‘M’ instead of fixed one. The value of 

‘M’ is obtained using (5) in the algorithm as shown in 

fig.3(a). This approach doesn’t eliminate the limitations 

P&O approach but oscillations at MPP are reduced to some 

extent [15].  

M = abs(∆P) (5) 

 

 
Fig. 3(a). Flowchart of adaptive P&O algorithm 

 

2) Modified adaptive P&O approach: The additional 

change includes the steady state limit parameter (€) 

compared to adaptive P&O technique. It gives better 

response at MPP due to ‘€’[16]. The flowchart of this 

technique is depicted in Fig.3(b).  

 
Fig. 3(b). Modified adaptive P&O approach flow chart 

 

3)Modified adaptive InC algorithm: The basic fact for 

this approach is dP
 = 0

dV

at the MPP [17]. Equations (6), 

(7) and (8) are used to derive the condition for zero slope in 

P-V graph.  
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V
dP dI

=I+
V dV

 
d  (7) 

At MPP, 

dP
 = 0

dV  
dI I

 = -
dV V  (8) 

. ,i e  Conductance difference = Instantaneous conductance  

The expression (8) represents the detection of MPP. Fig.4 

presents the flowchart of this approach. This approach 

handles MPP tracking effectively without oscillations under 

varying insolation. 

 

 
Fig. 4. Modified adaptive InC approach flow chart 

C. boost converter: 

DC from PV panel is input and equal or greater than input 

DC is output for this converter. To design the converter, the 

electrical parameters at MPP at any G and T are estimated 

[18][19] based on the equations from (9) to (16).  

 

 
Fig. 5. Boost converter electric circuit 
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III.  SIMULATION RESULTS 

Fig.6 depicts the Simulink model of overall PV system to 

judge the overall system performance for three MPPT 

approaches.  

 

 
Fig. 6. PV system Simulink diagram 

A. Description of model 

The user outlined PV panel simulation will offer Impp = 

3.55A, Vmpp = 17.04V and Pmpp = 60.53W at STC. The 

selected converter parts are L = 13mH, Cin = Co = 1000µF, 

R =30 Ω and module in operation at 10KHz frequency. Each 

algorithm gives desired duty cycle at MPP is the output of 

MPPT controller for quick dynamic climatic changes. 

B. Simulation Results  

Results of the simulated system are examined using three 

classical algorithms under varying climatic conditions as 

shown in fig. 7[20]. 

 

 
Fig.7 Varying irradiance input 
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Case1: Fig. 8 and 9 exhibit the characteristics of PV panel 

and duty cycle output of simulated system with adaptive 

P&O approach. 

 

 
Fig. 8. PV panel characteristics for adaptive P&O 

approach 

 

 
Fig. 9. Duty cycle waveform  

 

 
Fig. 10. Power waveform of PV panel 

 

Fig. 10 and 11 exhibit the power of PV panel, voltages of 

simulated system at input and output with adaptive P&O 

approach.  

 

 
Fig. 11. Voltage waveform at converter input and output 

stages 

 

Performance indices of the simulated system for adaptive 

P&O approach are listed in table- I. 

Case2: Figures 12 and 13 exhibit the characteristics of PV 

panel and duty cycle output of simulated system with 

modified adaptive P&O approach. 

 

 
Fig. 12 PV panel characteristics for modified adaptive 

P&O approach 

 

 
Fig. 13. Duty cycle waveform 

 

Fig. 14 and 15 exhibit the power of PV panel, voltages of 

simulated system at input and output with modified adaptive 

P&O approach.  

Performance indices of the simulated system for modified 

adaptive P&O approach are listed in table- I. 

 

 
Fig. 14. Power waveform of PV panel 
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Fig. 15. Voltage waveform at converter input and output 

stages 

 

Case3: Figures 16 and 17 exhibit the characteristics of PV 

panel and duty cycle output of simulated system with 

modified adaptive InC approach. 
 

 
Fig. 16. PV characteristics for modified adaptive InC 

algorithm 

 

Fig. 18 and 19 exhibit the power of PV panel, voltages of 

simulated system at input and output with modified adaptive 

InC approach.  

 
Fig. 17. Duty cycle output of MPPT controller  

 

Performance indices of the simulated system for modified 

adaptive InC approach are listed in table- I. 

 

 
Fig. 18. Power waveform of PV panel 

 

 
Fig. 19. Boost converter voltages at input and output  

 

Observations 

The quick dynamic climate plays a vital job on the 

functioning of PV system. The fast dynamics in climate 

effect the performance indices like settling time, peak 

overshoot, error at steady state, ripple in power values. 

Table I shows the values of various indices of PV system for 

all three approaches. The most important changes which will be 

noticed in overall system under quick dynamic climate are 

• The settling time is a smaller amount thereby achieving 

quick response in modified adaptive InC algorithm 

over the opposite two algorithms. Adaptive P&O 

algorithm fails to stabilize the power curve. Modified 

adaptive P&O algorithms offer moderate response. 

• Power loss is less in modified adaptive InC algorithm 

and moderate in modified adaptive P&O algorithm. So, 

modified adaptive InC algorithm more efficient over 

alternative algorithms. 

• Ripples are less within the output power in modified 

adaptive InC algorithm and moderate in modified 

adaptive P&O algorithm. 

• Peak overshoot values are same in all three algorithms 

and doesn't exist in irradiance of 1000W/m2 in 

modified adaptive InC and irradiance of 800W/m2 in 

modified adaptive P&O algorithms. 

The mentioned PV system with modified adaptive InC 

approach have good performance when put next to 

alternative algorithms, they are 

• Less settling time that's quicker response 

• Less power loss and higher efficiency 

• Minute steady state error. 

• Less ripples in output power 

IV.  CONCLUSION 

This article reviewed the broadly used modified classical 

MPPT approaches and therefore the simulations are 

executed for quick dynamic climate input. The classical 

strategies fail to capture the MPP for unexpected variation 

of solar insolation with operating point initially located 

away from the MPP. The simulated system is analysed in 

terms of performance indices. The modified adaptive P&O 

method showed moderate performance indices with fewer 

oscillations over the modified P&O algorithm. 
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The modified adaptive InC MPPT methodology showed 

higher efficiency, minute power loss, good tracking 

accuracy, the steady state potency when put next with the 

opposite modified classical strategies for quick dynamic 

climate. 

 

TABLE I. Comparison of performance indices of PV system 

Irradiatio

n (W/m2) 

Modified P&O approach Modified adaptive P&O approach Modified InC approach 

Eff. 

(%) 

PL 

(%) 

Ripple 

(W) 

Ts 

(Sec) 

Peak 

overshoot 

(W) 

Eff. 

(%) 

PL 

(%) 

Ripple 

(W) 

Ts 

(Sec) 

Peak 

Overshoot 

(W) 

Eff. 

(%) 

PL 

(%) 

Ripple 

(W) 

Ts 

(Sec) 

Peak 

Oversho

ot (W) 

500 97.93 2.07 2.37 >0.3 31.16 98.42 1.58 0.64 0.044 31.16 98.52 1.48 0.09 0.017 31.26 

1000 93.83 6.17 0.49 >0.3 60.54 98.19 1.81 0.19 0.129 60.54 98.81 1.19 0.15 0.016 - 

800 97.40 2.60 0.15 >0.2 49.07 98.55 1.45 0.13 0.046 - 98.66 1.34 0.08 0.025 49.07 

600 88.79 11.21 0.98 >0.2 37.16 96.84 3.16 0.20 0.072 37.14 99.73 0.27 0.04 0.024 37.16 

Eff.-Efficiency, PL-Power loss, Ts-Settling time 
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