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Photo voltaic (PV) energy source

green and available in abundance. The main area of research in PV system is to reduce the cost and increase the 
efficiency of the overall system. The PV module has the weather dependant, non linear P
unique Maximum Power Point (MPP).
(MPPT) controllers to extract the maximum power from the PV 
Chapman, 2007). 

  A variety of MPPT approaches have been reported in literature 
differentiation, Perturb and Observ
Kim et al, 2001 & Kumar et al , 2011)
techniques, look up table, constant voltage tracking
MPPT techniques (Veerachary et al

In order to convert variable DC to fixed DC supply and implement 
topologies such as buck, boost, flyback, push pull
increased by using interleaving and soft switching techniques
et al, 2005, Hsieh et al, 2011). 

This paper proposes the study and analysis of most 
methods on high efficiency interleaved flyback converter and their performances are compared
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A B S T R A C T  
This paper compares the performance of the most commonly used indirect and direct 
methods of Maximum Power Point Tracking (MPPT) techniques. Indirect methods 
track the MPP using empiric data or mathematical expressions with num
corrections and approximations. The direct MPPT methods measure the actual 
instantaneous values of PV voltage and currents to seek the MPP. In this paper most 
commonly used indirect method viz Constant Voltage Tacking (CVT) and direct 
methods such as Perturb and Observation (P&O) and Incremental Conductance (InCon) 
technique were discussed and implemented on the high efficiency interleaved flyback 
converter. The steady state performances are compared and verified using the 
MATLAB/SIMULINK simulations. 

INTRODUCTION 

sources become very popular among the alternative sources 
The main area of research in PV system is to reduce the cost and increase the 

The PV module has the weather dependant, non linear P
(MPP). Therefore it is necessary to develop maximum power point track

to extract the maximum power from the PV array (Koutroulis et al

MPPT approaches have been reported in literature which include direct methods 
differentiation, Perturb and Observation (P&O), Incremental conductance (InCon), (Piegari and Rizzo, 2010,  

, 2011) and indirect methods such as fuzzy logic and  neural network based 
look up table, constant voltage tracking (CVT) method, open circuit voltage and short circuit current 

et al, 2003, Khaehintung et al, 2004, Wilamowski, 2001, Hiyama, 1997)
convert variable DC to fixed DC supply and implement the MPPT technique

topologies such as buck, boost, flyback, push pull converters are used. The efficiency of basic converters is 
increased by using interleaving and soft switching techniques (Abidi et al, 2012, Chang  and Liaw, 2009, Kasa 

This paper proposes the study and analysis of most popular MPPT algorithms viz, P&O, InCon and CVT 
methods on high efficiency interleaved flyback converter and their performances are compared
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This paper compares the performance of the most commonly used indirect and direct 
methods of Maximum Power Point Tracking (MPPT) techniques. Indirect methods 
track the MPP using empiric data or mathematical expressions with numerical 
corrections and approximations. The direct MPPT methods measure the actual 
instantaneous values of PV voltage and currents to seek the MPP. In this paper most 
commonly used indirect method viz Constant Voltage Tacking (CVT) and direct 

s Perturb and Observation (P&O) and Incremental Conductance (InCon) 
technique were discussed and implemented on the high efficiency interleaved flyback 
converter. The steady state performances are compared and verified using the 

among the alternative sources as they are clean, 
The main area of research in PV system is to reduce the cost and increase the 

The PV module has the weather dependant, non linear P-V characteristics with 
maximum power point tracking 

et al, 2001 & Esram and 

include direct methods such as 
(Piegari and Rizzo, 2010,  

fuzzy logic and  neural network based 
, open circuit voltage and short circuit current 

Wilamowski, 2001, Hiyama, 1997). 
the MPPT technique, the basic converter 

converters are used. The efficiency of basic converters is 
, 2012, Chang  and Liaw, 2009, Kasa 

popular MPPT algorithms viz, P&O, InCon and CVT 
methods on high efficiency interleaved flyback converter and their performances are compared 
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2. System Overview: 
Fig. 1. depicts the block diagram of PV system with MPPT controller. The major components of PV system 

composed of PV arrays, the interleaved flyback converter, MPPT controller, and DC load. PV array consists of 
many solar cells connected in parallel and series combination to obtain the required voltage levels (De Soto et 
al, 2006). Flyback converter is selected as it is the most commonly used converter in the low voltage electronic 
applications. Two identical flyback converters are interleaved together so as to increase the efficiency and 
reduce ripples. The MPPT controller provides the PWM pulses to the switches of the flyback converter 
according to the MPP tracked from the PV array.  

 

 
 

Fig. 1: Block Diagram of Proposed PV System with MPPT Controller 
 

3. MPPT Method: 
MPPT methods are classified into offline and online methods. In offline methods, the characteristics of PV 

array have been evaluated in prior based on the mathematical equation obtained from empirical data and cannot 
be accurate for all weather conditions. On other hand, online methods, uses the instantaneous values of PV 
voltage and current to generate the control signals. The online methods have the advantage of being more 
accurate as they take in to account of weather dependant MPP variations. 
 
3.1. CVT Algorithm: 

The CVT method is the simplest offline method and calculates the operating point of PV array by 
comparing the measured PV voltage (VPV) with reference voltage (VREF). VREF is obtained from database with 
pre evaluated solar panel characteristic parameters using mathematical equations given by (De Soto et al, 2006). 
CVT method assumes that temperature variations are constant. The flowchart of CVT method is shown in Fig. 
2. 

 

 
Fig. 2: Flowchart for CVT MPPT Algorithm 
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Fig. 3: Flowchart for P&O MPPT Algorithm 
 
3.2. P&O Algorithm: 

This method is one of the commonly used and commercially available online methods. The P&O algorithm 
periodically measures the PV voltage, computes power, compares it with the PV power calculated in previous 
perturbation cycle and applies perturbations to reference voltage by incrementing or decrementing it,. The flow 
chart of P&O MPPT algorithm is explained in Fig. 3. 

The PV voltage is perturbed by small step (dV) and corresponding change in PV power (dP) is calculated. 
If dP is positive, then the PV voltage is incremented in next perturbation cycle. For negative dP, the voltage 
needs to be decremented. This process is continued till the operating point reaches MPP. 

 

 
 

Fig. 4: Flowchart for InCon MPPT Algorithm 
 
3.3. InCon Algorithm: 

The InCon MPPT method calculates the instantaneous conductance (I/V) and incremental conductance 
(dI/dV) of VI characteristics of PV array and compares them to create the VREF. In a VI curve, when VREF lies at 
the left side of MPP, the (dI/dV) is greater than –(I/V) and for the right side of MPP, (dI/dV) is less than –(I/V). 
MPP is reached when (dI/dV) = –( (I/V). VREF is incremented or decremented until it is equals to VMPP. To 
account for the change in the atmospheric conditions, additional checking on change in PV current (dI) is also 
considered. The flowchart for the InCon method is shown in the Fig. 4  

 
4. Simulation and Results: 

The MATLAB/SIMULINK package is used to simulate the model of the proposed PV system with 
interleaved flyback converters. Specifications used in the modeling are given below. 
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PV panel: VOC = 108V; ISC = 1.30A; PMPP= 100W; VMPP =85.5V; IMPP =1.17A at STC of 25°C and 
1000W/m2.  

Flyback converter: P=100W, Vin=75V, and switching frequency fS=100kHz ; Turns ratio =1:1; RL= 125Ω.   
The Fig. 6 to Fig. 8 shows the power tracked by CVT, P&O and InCon MPPT methods for insolation level 

750W/m2. It is observed from the simulation results that in P&O method, PV output power oscillates around 
MPP which reduces the maximum power extracted from PV panel especially at steady state. The InCon method 
is fast, responds well to the change in atmospheric conditions and efficiency increases with the increase in 
insolation level. CVT method is more effective at lower insolation level when compared to the online methods 
viz P&O and InCon methods. The efficiency of all three MPPT controllers for different insolation levels are 
tabulated in Table 1 and plotted in Fig. 9.   

 

 
 

Fig. 5: Simulation Model of proposed PV System 
 

 
Fig. 6: Simulation waveforms of Irradiation, PPV Estimated, PPV tracked, and PPV error for irradiation of 750W/m2 in 

CVT Method 
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Fig. 7: Simulation waveforms of Irradiation, PPV, Estimated, PPV, tracked, and PPV, error for irradiation of 750W/m2 in 

P&O Method 

 
Fig. 8: Simulation waveforms of Irradiation, PPV,Estimated, PPV,tracked, and PPV,error for irradiation of 750W/m2 in 

InCon Method 
 

Table 1: Irradiance Vs ηMPPT 

Insolation 
(W/m2) 

PMPP  (W) 
CVT Method P&O Method InCon Method 

PMPP tracked(W) 
ηMPPT  (%) 

PMPP tracked(W) 
ηMPPT  (%) 

PMPP 
tracked(W) 

ηMPPT  (%) 

750 60.19 56.2 93.37 57.9 96.2 58.78 97.66 

500 27.1 24.82 91.58 25.71 94.88 25.91 95.61 

250 6.88 6.27 91.14 5.68 82.56 5.52 80.23 
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Fig. 9: Irradiance Vs ηMPPT  plot for CVT,  P&O and InCon MPPT Methods 
 
Conclusion: 

In this paper, three commonly used MPPT methods were explained and implemented for high efficiency 
interleaved flyback converter. Simulation model of proposed system was developed and performance of the all 3 
MPPT methods was analyzed for different insolation levels. It has been demonstrated that P&O and InCon 
methods were more effective at higher insolation and CVT method was suitable for lower insolation level. The 
P&O and CVT showed poor response to the change in atmospheric conditions and had more steady state 
oscillations. InCon method was fast and offered a good performance under changing atmospheric conditions. It 
was also proved that the proposed converter was suitable for implementing all 3 popular MPPT methods and 
right MPPT technique shall be selected depending on the specific PV system applications. 
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