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 This paper presents a modified maximum power point tracking algorithm 

(Modified MPPT) for PV systems based on incremental  conductance (IC) 

algorithm. This method verified with the dynamic irradiance and sudden 

change of irradiance, the  comparisons  with  conventional methods, for 

example, the perturbation and observation (P&O) and Modified 

perturbation and observation    (Modified P&O) were performed. A 

photovoltaic (PV) panel was simulated and tested using 

MATLAB/Simulink  based on PV  panel  at Power Electronics Laboratory. 

The results show  that this  method  capable to find the maximum power 

point (MPP) under dynamic behavior faster  than ( P&O) and  Modified 

P&O). Reduced oscillation of MPP indicates enhanced  efficiency, 

providing  maximum power transfer to load.   
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1. Introduction  

Global energy attention has recently expanded significantly, due to population growth. Also, global 

warming is increasing due to carbon dioxide emissions from fossil fuels.  Therefore, these complex 

challenges must be resolved. Several studies have suggested using   sustainable  energies to stand up to 

the issue of the absence of energy  in the forthcoming years and to  minimize the impacts of 

consuming  fossil energizes.  Solar energy has many advantages over conventional energy sources, 

because of its, clean, sustainable and safe energy.[1] However, the PV system is considered to be of 

low efficiency, due to the dependence on the power of PV panel on several factors such as the 
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intensity of radiation and the temperature, i.e. weather conditions, resulting in energy loss and lower 

efficiency [1,2]. 

To enhance the efficiency of the photoelectric system, MPPT techniques are combined with the 

converter circuit to derive maximum power from the PV panel [1]. The main objective of MPPT is to 

extract maximum power from the PV array in every circumstance [3]. There are several 

considerations when designing MPPT, such as the number of sensors required [4], the level of 

complexity, the convergence speed, cost, and hardware required [5,6]. 

MPPT algorithms for PV systems are organized into three kinds: offline, online and hybrid 

algorithms [7]. The offline algorithms depend on system parameters, including open-circuit voltage 

(Voc) and short circuit current (Isc), this type includes fractional short circuit current (SCC) 

algorithm and fractional open-circuit voltage (OCV) algorithm [8].  the online methods do not 

depend  on the PV model parameters , such (P&O)  [6], and incremental conductance (IC) [4,9]. The 

combination of the two previous methods produces a hybrid method [1,10]. The  (P&O) and (IC) 

Algorithms are commonly used due to operation  simplicity and the low number of sensors required 

[4-11]. MPPT techniques have been widely described in the literature [4,12,13-14]. In [15] the short 

circuit current (SCC)-based adaptive P&O algorithm is suggested; this  method involves two 

algorithms, that is (Current-perturbation-algorithm) and (Adaptive-control-algorithm). These 

methods were developed from P&O algorithm and the fraction short circuit current (FSCC) 

algorithm. The main drawback of this method is that in a large variation in radiation, the initial 

operating point should be determined, and the current short circuit should be estimated. In [16], Bata 

method was proposed to address the problem that facing MPPT methods, namely the tradeoff 

between the steady-state oscillations and dynamic behavior, and then the tradeoff between high 

computational load and accuracy. In [17], the author proposes a perturb and observe maximum power 

point tracking (MPPT) algorithm, the main difference of the proposed system includes the addition of 

PI control loop along with the MPPT control circuit. The author in [18], propose simulation of 

incremental conductance (IC) maximum power point tracking (MPPT) with a direct control method. 

The main difference of the proposed system to existing includes the elimination of the proportional-

integral control loop and the investigation of the effect of simplifying the control circuit. The 

adaptive P&O algorithm proposed in [19], by estimating the short circuit current, in this proposed 

method, current perturbation is considered to improve the tracking speed. 

In this proposes work, a modified incremental conductance (Modified IC) based variable step size 

for  MPPT is introduced. This method can overcome the drawback of the conventional  algorithms 

when a  sudden and gradual change in irradiance has occurred . This algorithm (Modified IC) is 

applied to a step-up DC to DC converter that acts as impedance matching between panel and load 

resistance to extract maximum power possible from PV panel as will show in section (3). This 

method is implemented using  MATLAB/Simulink and tested by applied sudden change irradiance 

and dynamic  profile irradiance. 

 

2. Equivalent Circuit and Mathematical Model of PV Cell  

The photovoltaic cell is the smallest part of the photovoltaic model that can convert sunlight into 

direct electricity. To form a photovoltaic model, the number of photovoltaic cells can be connected 

into a series; a combination of a parallel chain unit forms a PV array [20,21]. 

By applying Kirchhoffôs law:   

 Ὅ Ὅ Ὅ Ὅ                                                               (1) 

Ὅ  is photocurrent, Ὅ is forward current of the diode, when Rs and Rp are taken into consideration; 

The Eq. will be as follow: 

 )) Ȥ) ÅØÐ
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Where: V is the diode  voltage in volt (V). Io the diode reverse saturation current in ampere (A). VT 

the thermal voltage in volt (V). A Is ideality factor constant. Ns Is the number of PV cells in series. 

The photocurrent IPH a function of solar irradiance and temperature as follows: 

 Ὅ
Ὃ

Ὃ
Ὅ ȟ ‘ ȢЎ  (3) 

‘  Represent the temperature  Coefficient of short circuit current  (A/K). Gref is irradiance at standard 

test conditions(STC)= 1000 W/m2 at 25C. G is Irradiance (W/m2).   ȹT=(Tc - Tc.ref )(K), where Tc.ref is 
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temperature of cell at STC = 298 K. IPH,ref is Photo-current (A) at STC. Figure 1  represents the 

equivalent circuit of the PV cell.   

 

Figure 1: Solar model equivalent circuit [21] 

 
In this work, the module was modeled using parameters listed in Table 1, MATLAB/Simulink  was 

used to simulate the characteristics of this module as shown in Figures 2-4 which  represent PV 

module, (P-V) and (I-V) characteristics. 

 
Table 1: PV Panel datasheet 1 

Parameters Values parameters Values 

Pmax(W) 60.53 Rs(Ý) 0.514 

Vmpp(V) 17.1 Rp(Ý) 124.86 

Impp(A) 3.5 Diode ideality factor 0.76 

Voc(V) 21.1 Temp.coefficint of Voc(%/ C) -0.229 

Isc(A) 3.8 Temp.coefficint of Isc(%/ C) 0.0307 

Ns 36   

 

Figure 2: Simulink model of PV 

 

 

Figure 3: Detailed Simulink model of PV 
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Figure 4: Photovoltaic Characteristics at 25 ᴈ and variable irradiance 

 

3. Step-up DC-DC Converter Modeling 

In this work, a step-up DC-DC converter is selected so that tracking of maximum power point 

achieved using a variable duty  cycle, itôs also boosting the voltage of the PV panel to the desired 

level required for load or  grid. Figure 5 illustrates the diagram for the overall system, consisting of 

the PV part, the converter circuit part, the load, and the MPPT control part. 

 

 

Figure 5: Schematic diagram of PV system 

 

Figure 6 illustrates the DC-DC boost converter. output voltage Vo is always higher than input voltage 

VI in steady operation. It "step up" the voltage to a higher level. The converter includes an inductor 

(L), power (MOSFET) or (IGBT), a diode (D), filter capacitor (C), and load resistor (RL). The switch 

S is switched ON and OFF at the frequency fs = 1 / T with ON duty ratio = D / ton, where ton is the 

interval when the switch S is on. 

 

Figure 6: (a) closed switch mode, (b) open switch mode, (c) the waveform of ON-OFF switch modes. [22] 
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I. Analysis for the switch closed 

When a switch is closed in figure 6(a), the diode will be reverse biased and voltage around closed-

loop contain source, inductor, and switch is [22,23]: 

 ὠ ὠ ὒ
ὨὭὒ

Ὠὸ
 (4) 

The current increases linearly while the switch is closed as shown in the figure, because the rate of 

change of current is constant, and the change in inductor current is calculated from: 

 
ЎὭὒ

Ўὸ

ЎὭὒ

ὈὝ

ὠ

ὒ
 (5) 

Solving for ȹiL for the switch closed 

 ЎὭ
ὠȢὈὝ

ὒ
 (6) 

II. Analysis for the switch open 

The current increases linearly while the switch is open, because the rate of change of current is 

constant, and the change in inductor current is calculated from [23]: 

 ὠ ὠ ὠ ὒ
ὨὭὒ

Ὠὸ
 (7) 

 
ЎὭὒ

Ўὸ

ЎὭὒ

ρ ὈὝ

ὠ ὠέ

ὒ
 (8) 

Solving for ȹiL 

 ЎὭ
ὠ ὠέρ ὈὝ

ὒ
 (9) 

The average value of the voltage across the inductor in the steady-state is zero, and from Eqs. (4) and 

(6) by expressing over one switching period 

 
ὠ ὠὈ ὠ ὠ ρ Ὀ

π 
(10) 

 ὠὈ ρ Ὀ ὠέρ Ὀ π (11) 

Solving for Vo 

 ὠ
ὠ

ρ Ὀ
 (12) 

 Ὅ ρ ὈὍ  (13) 

 

In the same way, for steady-state operation, the net change in inductor current must be zero. Using 

Eqs. (6) and (9), yields the same result of Eq. (12). 

 

4. Maximum Power Point Tracking Algorithms 

MPPT is an algorithm that produces the appropriate duty cycle (D) using an electronic circuit and 

feeds it to the power adapter circuit that adapts between the PV panel and loads, to continuously track 

maximum power as follows. 

 

I. Impedance matching using a DC-DC Boost converter 

 

Figure 7: Boost converter schematic diagram 

 

The schematic diagram of the DC-DC boost converter is shown in Figure 7, from the figure: 

 Ὑ
ὠέ

Ὅέ
 (14) 

Insert Eqs. (12) and (13) in Eq. (14). 
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Ὅ ρ Ὀ
 (15) 

 

Figure 8: boost converter equivalent circuit  

 

From Figure 8 

 Ὑ
ὠ

Ὅ
 (16) 

 ὠ ρ Ὀὠ (17) 

 Ὅ
Ὅ

ρ Ὀ
 (18) 

 
ḈὙ

ρ Ὀὠ

Ὅέ
ρ Ὀ

 
(19) 

But Vo/Io=Rload 

 ḈὙ ρ Ὀ Ὑ  (20) 

 

According to the power transfer theory, the power delivered to the load is maximized when the 

equivalent resistance Reqiv equals the output resistance. therefore, to extract maximum power from 

the PV panel, connect a boost converter between the panel and the load resistor, and use D to modify 

the equivalent load resistance seen by the source so that maximum power is transferred. 

 

II. Conventional P&O algorithm 

The conventional P&O MPPT method is usually used, because of its 

simple  implementation  and  reduced  cost [6]. P&O is considered as the standard for new MPPT 

algorithms  for comparison.  The principle of P&O method depends on the change in the 

output  power  and voltage of the PV panel. If dp/dv>0 the adjustment voltage perturbs in the same 

direction, else the voltage adjustment  reversed [10], as shown the flowchart of P&O method in 

Figure 9. 

 

 

Figure 9: Conventional P&O Flowchart. 
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III.Modified P&O algorithm 

Several disadvantages can be observed in the conventional P&O, for example, high oscillation about 

MPP and  confusion  when  the dynamic change in irradiance and temperature occurs that may cause 

loss of  tracking [13].   

This drawback  is due to perturbation step size; as oscillation is  high about MPP the power is lost and 

efficiency will decrease.  To minimize this  drawback, the modified P&O is proposed. Figure 10 shows 

the flowchart of modified P&O. 

 

Figure 10: Modified P&O Flowchart 

 

Several ways  exist to vary  perturbation  size, such as [12]:  

 Ўὠ ὓ
Ўὖ

Ўὠ
 (21) 

Where M is the constant  requiring adjusting, and æPn and æVn represent the changing power and 

voltage   respectively. As the radiation increases, the ȹP will increase and the ȹV will change 

slightly. When the radiation is reduced, the ȹP will decrease and result in a change in the ȹP / ȹV 

ratio each time the radiation changes.  The perturbation size can be found in Another way, as follows 

[12]:   

 Ўὠ ὓὰέὫ
Ўὖ

Ўὠ
 (22) 

As in the first method above, when the radiation increases, the ȹPn will increase and the ȹV will 

change slightly. When the radiation is reduced, the ȹPn will decrease and result in a change in the 

ȹPn/ȹVn ratio each time the radiation changes. The logarithm keeps the perturbation size small even 

if the ratio of ȹPn to ȹVn gets large this reduces the possibility of losing track due to large 

perturbation. 

 

IV. Proposed MPPT algorithm   

The problem with conventional methods is that it can fail in some cases when irradiance  changes 

rapidly, these methods are unable to distinguish between the change caused by  the change in 

radiation or by voltage disturbance. The fast tracking of the MPP is  determined by the step size used 

in the algorithm. The larger step size results in fast  tracking, but the system oscillates around the 

MPP and may result in a lack of efficiency.  Whereas,  if  MPPT operating in reduced step size, the 

oscillation will be  reduced and efficiency may be better, thus fixed step size MPPT should achieve a 

balance between the oscillations and  dynamics.  The variable step size is used to resolve this problem, 

rather than a fixed step size. 

Figure 11  shows the flowchart of the introduced method based on the conventional incremental 

conductance (IC) algorithm with a variable step size. This MPPT algorithm is based on the truth that 

a PV generator's power-voltage curve usually has only one MPP at constant solar irradiance and cell 

temperature levels. At this MPP point, the power derivative concerning voltage is equal to zero, 
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meaning that the sum of instant conductance (Ipv/Vpv) and incremental conductance (dIpv/dVpv) is 

equal to zero. The sum of the instantaneous and incremental conductance is negative on the right side 

of the MPP, while the sum is positive on the left side of the MPP. The IC algorithm compares a PV 

generator's instantaneous conductance with its incremental performance and decides whether to 

increase or decrease a control parameter accordingly. 

 

 

Figure 11: proposed algorithm flowchart 

 

As mentioned in section III, the photoelectric power derivative of the PV array (dP/dV) may vary 

smoothly and is usually used as an appropriate parameter to determine the variable step size of the 

P&O algorithm. Therefore, it can also be used to specify a step size variable for the MPPT IC 

algorithm. [24]: 

 ЎὈ ὔ
Ўὖ

Ўὠ
 (23) 

N: The scaling factor used to adjust the step size automatically. 

when the irradiance changes the ȹP will change dramatically, whereas the change in ȹV will remain 

small, thus the ratio of ȹP/ȹV will be large in momentarily, maybe resulting to lose of tracking for a 

certain time. 

In Figure 12 we note that if the step size change is based on the ȹP ratio only, the probability of 

losing the trace due to the small change in ȹV will be significantly reduced. When the irradiance 

increases, the ȹP increases in proportion to the increase in radiation. Conversely, when the irradiance 

decreases, the value of the ȹP decreases. Thus, the step-size, which depends on ȹP, as follows: 

 ῳὈ ὔȿЎὖȿ (24) 

Itôs clear from the P-V characteristics,  that (ȹP) increased as we move far from MPP and reduced 

when we move toward it. Therefore, if the step   size depends on (ȹP), then the step size is small near 

MPP and large as it far from it. To achieve equalization between the speed  of tracking and the 

oscillations around MPP; this makes the accuracy and efficiency of the tracking are better. Also, the 

probability of movement of the operating point far from the MPP  is reduced if the sudden 

changes  occur of the irradiance , leading to improved transient performance, high dynamic response 

and low loss of transient power. Figure 12 shows an example of an illustration. If the radiation drops 

from S1 to S2, the operating point moves from point (a) to point (b), causing a too small change  in 

voltage and significant change in power. So to access the new MPP (K), the algorithm should be 

reducing the duty cycle. We conclude from the previous, that the variable step affected the accuracy 

and performance  of the algorithm to reduce this decline. 

The big step size is avoided in the proposed method, and the duty cycle is reduced to driving 

the  operating point to (C), which is near to the MPP (K). So the speed of tracking will be faster and 

the loss of transient power will be reduced. 
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Figure 12: MPPT performance under variable irradiance 

 

5. Simulation and Experimental Results  

The MPPT for PV system shown in Figure 13, has been designed and simulated  in  MATLAB 

Simulink software, as well as to test the validity and feasibility of  the improved method,  following by 

comparing it with P&O and modified P&O algorithms. Table 1  shows the datasheet of the PV  panel 

that simulated and used in this work. Moreover, DC-DC boost converter used as  an adapter  circuit 

between the PV panel and load.   Comparison between a  proposed algorithm and P&O and  modified 

P&O  algorithms achieved  using a  Simulink, the simulation carried out with the similar arrangements 

and situations, to  achieve this  aim a strict profile was selected to change the solar irradiance  with 

a  fixed  temperature at a  value of 25 ᴈ. And the tests  were done for the  duration of 1s . There are two 

scenarios for testing performance, the first  scenario    with a sudden change in  irradiance   

from    500 W / m2 during    0 -   0.2 s ,  to    800 W / m2   during    0  .  2  -  0  .  4 s ,  and increased to    1000 W / m2  during   0  .  4  -

  0  .  6   , then decreased to   800 W / m 2   during     0  .  6  -  0  .  8s, and finally       increased to   900 W / m  2   during    0  .  8  -  1 s . as 

shown in figure (14-16).  The  irradiance form ,     output   power ,  output voltage, and efficiency for 

P&O ,  modified P&O   and proposed algorithm  is illustrated on one graph .  From  figures 14 and 15, it 

can be noticed that a proposed  algorithm with   proposed variable step size produces better 

performance than the other  two algorithms ,    and have low steady-state   oscillation   and fast response at 

the sudden  change  in irradiance. Figure 16 shows the system efficiency of the three methods; from 

the  figure, it is noticed that the Proposed MIC has better efficiency, minimized oscillation and  fast 

speed response.   

For the second scenario, the proposed technique was tested with a profile change of  irradiance 

and  compared with conventional P&O and Modified P&O under the same  conditions. Figures 17-19 

show, the profile change of irradiance, and results of three  algorithms, the results confirm that, the 

suggested algorithm has a better speed of tracking  and reduced  oscillations at transient and steady-

state concerning Modified P&O and  P&O algorithms, in this way the efficiency for system 

increased  effectively. 

The tracking efficiency of the MPPT algorithm can be evaluated as [2,21]. 

 Ὕ –Ϸ
᷿ὖ

᷿ὖ
ρππϷ (25) 

Where PMPP is the power obtained by a given MPPT method and Ppv is the theoretical available 

power. The overall system efficiency can be summarized as in Table 2. It shows that   the 

proposed  algorithm has better efficiency in compression with Modified P&O and P&O.  

 

 

Figure 13: Complete system designed in Simulink 
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(a) 

 

(b) 

Figure 14: Results performance of P&O, MP&O and proposed  MIC, (a) irradiance (b) Output power 

 

 

Figure 15: Output voltage of P&O, MP&O, and proposed  MIC  
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Figure 16: System efficiency under sudden irradiance change of P&O, MP&O, and proposed  MIC 

 

 

(a) 

 

(b) 

Figure 17: Results. Of P&O, MP&O, and proposed MIC, (a) irradiance profile (b) output power 
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Figure 18: Output voltages of P&O, MP&O, and proposed MIC 

 

 

Figure 19: System efficiency under irradiance profile of P&O, MP&O, and proposed MIC 

Table 2 Summary of efficiency 

Algorithm  P&O MP&O  MIC  

Efficiency(%) 95.12 97.33 98.50 

 

6. Conclusion 
The proposed modified incremental conductance (Modified IC) MPPT algorithm depends only on the 

change of PV power instead of a PV power and PV voltage. Two scenarios were applied to test the 

performance of  the algorithm and comparison done with respect to conventional P&O and Modified 

P&O. The first scenario is the sudden  change of irradiance, while the dynamic change is applied in 

the second scenario. In the two  scenarios, the results show that the proposed algorithm outperforms 

the conventional P&O and  modified P&O due to reduced oscillation at the steady-state. The 

proposed MIC can increase of convergence speed and reduces oscillation about MPP, because of this, 

the system efficiency was enhanced to 1.1% and 3.3% concerning  Modified P&O and P&O 

algorithms respectively, and hence the probability of divergence from MPP is  eliminated.   

 

References 

[1] A. Harrag and S. Messalti, ñVariable step size modified P&O MPPT algorithm using GA-based hybrid 

offline/online PID controller,ò Renewable and Sustainable Energy Reviews, vol. 49. pp. 1247ï1260, 2015. 

[2] A. I. M. Ali, M. A. Sayed, and E. E. M. Mohamed, ñModified efficient perturb and observe maximum 

power point tracking technique for grid-tied PV system,ò Int. J. Electr. Power Energy Syst., vol. 99, no. 

December 2017, pp. 192ï202, 2018. 



Engineering and Technology Journal                    Vol. 38, Part A, (2020), No. 04, Pages 478-490 

 

490 

[3] A. Belkaid, I. Colak, and K. Kayisli, ñImplementation of a modified P&O-MPPT algorithm adapted for 

varying solar radiation conditions,ò Electr. Eng., vol. 99, no. 3, pp. 839ï846, 2017. 

[4] M. A. Elgendy, B. Zahawi, and D. J. Atkinson, ñAssessment of the incremental conductance maximum 

power point tracking algorithm,ò IEEE Trans. Sustain. Energy, vol. 4, no. 1, pp. 108ï117, 2013. 

[5] M. Birane, C. Larbes, and A. Cheknane, ñComparative study and performance evaluation of central and 

distributed topologies of photovoltaic system,ò Int. J. Hydrogen Energy, vol. 42, no. 13, pp. 8703ï8711, 2017.3 

[6] H. Bounechba and K. Nabti, ñModeling and Simulation of Perturb and Observe MPPT Algorithm for PV 

systems,ò vol. 5, 2013. 

[7] J. Ahmad, ñA fractional open circuit voltage based maximum power point tracker for photovoltaic arrays,ò 

in ICSTE 2010 - 2010 2nd International Conference on Software Technology and Engineering, Proceedings, 

2010, vol. 1, pp. 247ï250. 

[8] R. Alik, A. Jusoh, and T. Sutikno, ñA Review on Perturb and Observe Maximum Power Point Tracking in 

Photovoltaic System,ò TELKOMNIKA (Telecommunication Comput. Electron. Control., vol. 13, no. 3, p. 745, 

2016. 

[9] Y. Tian, B. Xia, Z. Xu, and W. Sun, ñModified asymmetrical variable step size incremental conductance 

maximum power point tracking method for photovoltaic systems,ò J. Power Electron., vol. 14, no. 1, pp. 156ï

164, 2014. 

[10] A. Reza Reisi, M. Hassan Moradi, and S. Jamasb, ñClassification and comparison of maximum power 

point tracking techniques for photovoltaic system: A review,ò Renewable and Sustainable Energy Reviews, 

vol. 19. Elsevier, pp. 433ï443, 2013. 

[11] D. Ouoba, A. Fakkar, Y. El Kouari, F. Dkhichi, and B. Oukarfi, ñAn improved maximum power point 

tracking method for a photovoltaic system,ò Opt. Mater. (Amst)., vol. 56, pp. 100ï106, 2016. 

[12] L. Piegari and R. Rizzo, ñAdaptive perturb and observe algorithm for photovoltaic maximum power point 

tracking,ò IET Renew. Power Gener., vol. 4, no. 4, p. 317, 2010. 

[13] J. Ahmed and Z. Salam, ñA Modified P and O Maximum Power Point Tracking Method with Reduced 

Steady-State Oscillation and Improved Tracking Efficiency,ò IEEE Trans. Sustain. Energy, vol. 7, no. 4, pp. 

1506ï1515, 2016. 

[14] L. Piegari, R. Rizzo, I. Spina, and P. Tricoli, ñOptimized adaptive perturb and observe maximum power 

point tracking control for photovoltaic generation,ò Energies, vol. 8, no. 5, pp. 3418ï3436, 2015. 

[15] S. K. Kollimalla and M. K. Mishra, ñA novel adaptive p&o mppt algorithm considering sudden changes in 

the irradiance,ò IEEE Trans. Energy Convers., vol. 29, no. 3, pp. 602ï610, 2014. 

[16] X. Li, H. Wen, and C. Zhao, ñImproved beta parameter based MPPT method in photovoltaic system,ò 9th 

Int. Conf. Power Electron. - ECCE Asia "Green World with Power Electron. ICPE 2015-ECCE Asia, pp. 

1405ï1412, 2015. 

[17] N. Swain, ñApplication of PI and MPPT Controller to DC-DC Converter for Constant Voltage & Power 

Application,ò IOSR J. Electr. Electron. Eng., vol. 11, no. 05, pp. 08ï15, 2016. 

[18] D. Teja, R. Challa, and I. Raghavendar, ñImplementation of Incremental Conductance MPPT with Direct 

Control Method Using Cuk Converter,ò vol. 2, no. 6, pp. 4491ï4496, 2012. 

[19] S. K. Kollimalla and M. K. Mishra, ñNovel adaptive P&O MPPT algorithm for photovoltaic system 

considering sudden changes in weather condition,ò 4th Int. Conf. Clean Electr. Power Renew. Energy Resour. 

Impact, ICCEP 2013, pp. 653ï658, 2013. 

[20] H. Bellia, R. Youcef, and M. Fatima, ñA detailed modeling of photovoltaic module using MATLAB,ò 

NRIAG J. Astron. Geophys., vol. 3, no. 1, pp. 53ï61, 2014. 

[21] A. Belkaid, I. Colak, and O. Isik, ñPhotovoltaic maximum power point tracking under fast varying of solar 

radiation,ò Appl. Energy, vol. 179, pp. 523ï530, 2016. 

[22] W. Hart Danial, commonly used Power and Converter Equations. 2010. 

[23] M. K. Kazimierczuk, Pulse-width Modulated DC ï DC Power Converters. 

[24] F. Liu, S. Duan, and F. Liu, ñA variable step size INC MPPT method for PV systems,ò J. IEEE Trans. Ind. 

Electron., vol. 55, no. 7, pp. 2622ï2628, 2008. 


