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Abstract – The PV system converts solar energy into electrical energy but the changes in the radiation from sun in 
varying weather conditions influence the generation of solar power. To provide impedance matching between PV 
systems and load a dc-dc converter with maximum power point tracking (MPPT) technique is used between PV 
system and the load. This paper incorporates hybrid P and O (perturb and observe) fuzzy MPPT as a maximum 
power point tracker in dc-dc converter of a standalone photo voltaic system. For P and O algorithm previous 
knowledge of the PV array characteristics is not required and its procedure is simple. But the oscillations of the 
operating point around MPP under steady state conditions and the inability to respond for the rapid changing 
atmospheric conditions are the drawbacks of this system. In fuzzy logic MPPT system the problems associated are 
slow transient response and fluctuations in the output power. The hybrid P and O fuzzy system gets rid of the muddles 
of P and O and fuzzy MPPT systems. The conventional P and O MPPT, fuzzy logic MPPT and P and O fuzzy MPPT 
methods were applied to interleaved boost converter and their performance in terms of the rising time, oscillating 
time, output voltage, ripple in output voltage were analyzed using Matlab/Simulink software.  
 
Keywords – Comparison of MPPTs, fuzzy MPPT, hybrid P and O and fuzzy MPPT, interleaved boost dc-dc 
converter, perturb and observe MPPT.   
 
 

 1. INTRODUCTION 

Energy becomes the essential part of human life. The 
substantial increase in the energy requirement and the 
fast depletion of fossil fuels in the globe drives mankind 
towards the usage of nonconventional energy sources 
such as wind, solar, geothermal, etc. Among all non 
conventional energy sources solar energy is suiting up 
because of its reusable; non exhaustible and non 
polluting nature [1]-[3]. It has the added advantages of 
incurring no fuel cost, static and noise free operation and 
hence less maintenance requirements. It attracted the 
interest of the government, industries and researchers 
because of its zero greenhouse emission during its 
operation. The life cycle of the PV panel will be around 
20 years [4]-[5]. Solar panels from the highest standard 
manufacturing companies could convert 23% of the 
solar energy into electricity [2] and it reduces to 9-17% 
at low solar irradiation conditions [6]. 

The electric power generation by the PV panel 
depends on the factors such as weather conditions, solar 
radiation level, ambient temperature, type of solar cell 
and array design quality [1], [7]. The power transfer 
from PV array to AC load is carried out through power 
conditioning systems. Since the efficiency of the solar 
panel is poor, the power conditioning system should 
have high efficiency. The power conditioning system 
includes two conversion stages. A dc-dc converter with 
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maximum power point tracking constitutes the first stage 
and a dc-ac inverter supplying power to the load is the 
second stage [8], [9]. The power output of the PV 
system can be increased either by increasing the solar 
irradiation using sun trackers or by MPPT methods. 

The MPPT tracks the maximum power point of the 
PV array under all atmospheric conditions and transfers 
up to 97% of the maximum power generation of the PV 
array to the next stage. Implementation of the MPPT 
techniques increases the output power from PV array by 
45.2% for a clear sunshine day [9]. This can be achieved 
by the utililsation of advanced power electronic devices 
and by the implementation of soft switching converter 
topologies [10]. In dc-dc conversion stage it is necessary 
to step up the voltage for most of the applications. For 
this boost converter is the optimum choice. But to obtain 
high voltage, the duty cycle of the converter must be 
greater than 0.95 which is difficult to achieve due to 
operational constraints [11]. 

The interleaved boost converter (IBC) brings down 
the conduction loss by the distribution of the input 
current and in turn increases the efficiency. IBC has low 
current stress, reduced passive component size, small 
input current ripple and output voltage ripple.  Figure 1 
represents the basic block diagram of the PV power 
generation system. 

2.  PV CHARACTERISTICS USING SOLAR 
SIMULATOR 

The non linear variation of PV output with the variation 
of irradiance and temperature can be observed from the 
current-voltage (I-V) and power-voltage (P-V) curves 
illustrated in Figures 2 and 3. On the P-V curve a point 
known as maximum power point exists, where the 
efficiency of the array will be maximum and maximum 
output power will be produced by the PV array as 

A Hybrid Maximum Power Point Tracking (MPPT) with 
Interleaved Converter for Standalone Photo Voltaic (PV) 

Power Generation System  
 

P. Manimekalai *1, R. Harikumar + and S. Raghavan # 
  

www.rericjournal.ait.ac.th 

http://www.rericjournal.ait.ac.th/
mailto:manikarthieee@yahoo.co.in


P. Manimekalai, R. Harikumar and S. Raghavan / International Energy Journal 14 (2014) 143-154 

www.rericjournal.ait.ac.th  

144 
marked in Figure 3. 

The readings for these characteristics were 
obtained by using solar simulator. For tracking the 
maximum power point and extracting maximum power 

under varying environmental conditions different 
maximum power point tracking techniques were used to 
control the duty cycle of the dc-dc converter. 

 
 

 

Fig. 1. Block diagram of a MPPT controlled PV system. 
 
 

 

Fig.  2. Output I-V curve and P-V curve under varying illumination. 
 
 

 

Fig. 3. Output I-V curve and P-V curve under varying temperature. 
 
 

3. DC-DC CONVERTERS 

DC-DC boost converters with MPPT control were used 
at the output of the PV array to provide power to the 
load. Boost converters are used in PV power 
applications because of its simple topology, fast 
transient response and continuous input current. For 
providing high output voltage dc-dc converters has to 
be operated at extreme duty cycle, which would 
subjects switching devices to short pulse which leads to 
reverse recovery and EMI (Electromagnetic 

interference) problems [13], [14]. Converters with 
coupled inductors can provide high output voltage and 
less switching voltage stress without extreme duty 
cycle. But the leakage energy loss in the coupled 
inductor reduces the efficiency of the converter [15]. 

4. INTERLEAVED CONVERTERS 

To improve the performance of the boost converter 
interleaving technique can be used. Interleaving is the 
process of connecting two or more switching converters 
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in parallel as illustrated in Figure 4.a. In interleaved 
boost converters the input current ripple is reduced 
because of the summation of the inductor current iL1 
and iL2 to get the current iL as in Figure 4.b. Because of 
interleaving the volume of the inductor can be reduced 
by a factor of four and current rating of the switching 
devices can be reduced by half for a two phase 
interleaved boost converter compared to conventional 
converter [16]. The increase in the number of phases 
reduces the ripple content by a factor of 9% in a two 

phase interleaved converter compared to conventional 
boost converter. But increasing the number of phases 
without restriction will increase the number of 
components and hence the device cost without 
significant reduction in ripple. In all phases the number, 
type and ratings of the components should be the same. 
The phase difference between the PWM controls signals 
applied for different phases should be 360/n where n is 
the number of phases. For a two phase converter it 
would be 180 degrees. 

 

 

Fig. 4. a. Interleaved converter. 
 
 

 

Fig. 4. b. Wave forms. 

 

5.  MAXIMUM POWER POINT TRACKING 
TECHNIQUES 

Keeping the operating point of the PV panel at 
maximum power point for the corresponding radiation is 
known as MPPT which could be achieved by changing 
the duty cycle of the power electronic converters in the 
PV system. In conventional MPPT methods, the 
Interruptive type (off line) employs constant voltage 
control method or constant current control method 
which necessitates the measurement of open circuit 
voltage or short circuit current by delinking the panel 
from the power electronics converters, which leads to 
the loss of output power [19]. In non interruptive (on 
line) type, such as P and O method, modified P and O 
method and incremental conductance method, the power 
calculation was carried out by the measurement of 
voltage and current by using sensors, which makes the 
system a little bit complicated. The duty cycle of the dc-
dc converters were adjusted till reaching the maximum 
power. In this method there is no need for delinking of 

the panel from the converters, and hence no loss in the 
output power [19]. 
 The soft computing techniques like fuzzy logic 
control, adaptive fuzzy logic control, neural network 
control, and ant colony optimization are flexible, fully 
digitized and effective in handling non linear problems 
and are suitable for the MPPT implementations of PV 
system. Among these soft computing techniques fuzzy 
logic control can be implemented using simple, less 
expensive microcontrollers [20]. 

6. LITERATURE SURVEY  

Though there are several MPPT techniques, the most 
commonly used techniques are P and O MPPT and 
fuzzy MPPT in most of the research articles. The 
random analysis carried out from IEEE papers for the 
year 2012, out of 27 seven papers, P and O and modified 
P and O MPPT used in nine papers, fuzzy in three 
papers, incremental conductance in two papers, fuzzy 
combined with other conventional methods four papers 
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and all other MPPT techniques in nine papers were used. 
From the survey it was found the simplest and most 
commonly used conventional type MPPT was P and O 
MPPT and the soft computing type MPPT was fuzzy 
logic MPPT. Hybrid MPPT controls were formulated by 
combining the conventional and soft computing 
techniques for obtaining better performance. 

7. EXISTING SYSTEM 
The simplest conventional P and O MPPT technique and 
soft computing fuzzy logic MPPT technique were 
analyzed based on their concept, advantages and 
disadvantages. 

7.1.  P and O MPPT Technique 

In this algorithm the array terminal voltage and current 
were sensed and processed and power output is 
calculated. The present PV output power is compared 
with the power of previous perturbation cycle as shown 

in the flow chart numbered as Figure 5. 
 The PV voltage and current is perturbed 
periodically after comparing. If the PV operating voltage 
varies and change of power is greater than zero 
dP/dV>0, the algorithm moves the operating point in the 
same direction, and if the change of power is less than 
zero dP/dV<0, the algorithm moves the operating point 
in the opposite direction and if the change of power is 
equal to zero dP/dV=0 that represents the condition of 
maximum power point. The operation of P and O 
algorithm can be summarized as in Table.1 

The advantages of P and O algorithm is previous 
knowledge of the PV array characteristics is not 
required and its simple procedure. But the oscillation of 
the operating point around MPP under steady state 
conditions as in Figure 6 and inability to respond for the 
rapid changing atmospheric conditions are the 
drawbacks of this system [21]-[25]. 

 
 

 
Fig. 5. Flow chart for P and O MPPT technique. 

 
 

 
Fig. 6. MPPT convergence. 
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7.2 Fuzzy Logic Systems (FLC) 

FLC provides an automatic control algorithm by using 
linguistic variables which may take any value between 0 
and 1 [26]. This algorithm does not require an accurate 
mathematical model hence the uncertainties such as non 
linear operating characteristics and unexpected changes 
in the operating point can be dealt easily, hence more 
suitable for handling non-linear problems [26]-[31]. 

The FLC system as in block diagram of Figure 7 
has three processing stages namely fuzzification, rules 
inferences and defuzzification. It has a rule table to store 
the fuzzy rules and calculations of FLC are performed 
by rules inference. The system consists of two linguistic 
input variables namely error (E) and change in Error 
(CE) and one output variable duty cycle (D) as in Figure 
8. 

7.2.1 Fuzzification 

The input variables of the FLC are divided into five 
subsets namely positive big (PB), positive small (PS), 
zero (Z), Negative small (NS) and negative big (NB). 
The partition of the fuzzy subsets and shape of the 

membership functions are shown in Figure 9. The input 
error and change in error values are normalized by an 
input scaling factor such that the input values lie 
between -1 and 1. To get only one dominant output for a 
particular input triangular shape of membership 
functions were chosen. 
 The error (E) and change in error (CE) are 
calculated using the following formulae: 

 P(k) = V(k) * I(k)                                                 (1)               

 E(k) = P(k-1) -  P(k)                                             (2)                

         CE(k) = I(k-1) -  I(k)                                           (3)               

                      P(k-1) -  P(k)   
 

V(k)    Voltage  of the PV panel 
I (k)     Current of the PV panel 
P (k)    Power of the PV panel 
E (k)    Error value 
CE (k) Change in error value 

 
 

 
Fig 7. Block diagram of fuzzy system. 

 
 

 
Fig. 8. Input variable membership function. 

 
 

 
Fig. 9. Change in error membership function. 
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The voltage and current of the PV panel are measured 
and power is calculated. The values of the error (E), and 
change in error (CE) are calculated and used by the 
fuzzy inference system (FIS).The inputs are processed 
by fuzzy set of rules. The output of the inference system 
is subjected to defuzzification. The defuzzifier output in 
Figure 10 is the change in the duty cycle. The change in 
the duty cycle is given to dc-dc converter to track the 
maximum power point of the PV panel.  

 7.2.2 Inference method 

The Mamdani fuzzy inference method is used in this 
analysis. Though several composition methods such as 
MAX-MIN and MAX-SOT are in fuzzy tool box, the 
MAX-MIN method is commonly used and the same is 
used in this analysis also. The rule table for the FLC is 
given by Table 2. 

 7.2.3 Defuzzification 

The fuzzy inference system output is a fuzzy set. But 
non fuzzy value is necessary to control the dc-dc 
converter. For that many defuzzification methods are 
available such as the centroid method, mean of 
maximum method, first of maxima method and last of 

maxima method. The centroid method is used in our 
system. The formula for defuzzification using centroid 
method is given by equation 4. 

                                    (4) 

Where D is the duty ratio. 
The major problems using fuzzy logic system are its 

slow transient response and fluctuations in the output 
power [27]. 

8. PROPOSED SYSTEM 

The proposed system is a combination of P and O and 
Fuzzy system which posses the boon of minimum 
settling time and reduced harmonics. Fuzzy logic control 
can be implemented with simple less expensive 
controllers like PIC 16F872 and PIC 16C74 and Tricore 
TC1796 controllers [25]. The flow chart of the hybrid 
system is shown in Figure 11. 

The hybrid system is formed by the two simple 
effective methods. This system is blessed with the less 
settling time and harmonics thus improves the 
performance of the system [29]-[32]. 

 
 

Table 2. Rule table of fuzzy logic. 
E \CE NB NS ZE PB PS 

NB ZE ZE PB PB PB 
NS ZE ZE PS PS PS 
ZE PS ZE ZE ZE NS 
PB NS NS NS ZE ZE 
PS NB NB NB ZE ZE 

 
 

 
Fig. 11. Flow chart for P and O fuzzy MPPT. 
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9. SIMULATIONS 
 

 
Fig. 12. Simulation of interleaved converter using P and O, fuzzy and fuzzy P and O. 

 
 

 
Fig. 13. Simulation of interleaved converter. 

 
 

 
Fig. 14. Simulation for P and O MPPT technique. 
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Fig. 15. Simulation for fuzzy MPPT technique. 

 
 
 

 
Fig. 16. Simulation for Fuzzy P and O MPPT technique. 

 
 

Simulations Results for P and O MPPT Technique 

 

Fig. 17. Interleaved converter output with P and O MPPT at constant illumination. 
 
 

 

Fig. 18. Interleaved converter output with P and O  MPPT at varying illumination. 
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Simulation Results for Fuzzy MPPT Technique 

 

Fig. 19. Interleaved converter output with Fuzzy MPPT at constant illumination. 
 
 

 

Fig. 20. Interleaved converter output with Fuzzy MPPT at varying illumination. 
 
 

Simulation Results for Fuzzy P and O  MPPT  Technique 

 

Fig. 21. Interleaved converter output with fuzzy P and O MPPT at constant  illumination. 
 
 

 

Fig. 22. Interleaved converter output with Fuzzy P and O MPPT at varying illumination. 
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Simulation Results for P and O, Fuzzy and Fuzzy P and O MPPT Technique 

 

Fig. 23. Interleaved converter output at constant illumination. 
 

 

Fig. 24. Interleaved converter output at varying illumination. 

 
Fig. 25. Interleaved converter output ripple variation for the three MPPTs. 

 
 

Table 3. Performance comparison of P and O, fuzzy and fuzzy P and O MPPT. 
S.NO TYPE OF MPPT RISING TIME SETTLING TIME RIPPLE 

1 P and O MPPT 0.0030sec 0.23sec 0.033V 
2 Fuzzy MPPT 0.0025sec 0.22sec 0.002V 
3 Fuzzy P and O MPPT 0.0030sec 0.20sec 0.000V 

 
 
10. RESULTS AND DISCUSSION 

The simulation was carried out under the same 
specifications of PV system and interleaved converter. 
The simulation for P and O, fuzzy and fuzzy P and O 
systems were shown in Figures 12-16.  It was found that 

P and O MPPT has the highest oscillations and 
minimum rising time of 0.002 sec as illustrated in 
Figures 17 and 18, but it’s settling time is 0.23 sec 
having a ripple in the output of 0.033V. The fuzzy 
MPPT waveforms of Figures 19 and 20 have less 
oscillations and the rising time is 0.0025 sec with a 
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ripple of 0.022V and settling time of 0.22 sec. The fuzzy 
P and O MPPT in Figures 21 and 22 has the minimum 
oscillations and a rising time if 0.0030 sec. It’s settling 
time is 0.2 sec with no ripple in the output voltage. The 
wave forms of Figures 23 and 24 gives an illustration of 
variation of outputs for P and O, fuzzy and fuzzy P and 
O MPPT techniques under constant and varying 
illumination. From the Figure 25 it was found that 
hybrid fuzzy P and O MPPT have the minimum ripple 
content. 

11. CONCLUSION 

Among P and O MPPT, fuzzy MPPT and fuzzy P and O 
MPPT the fuzzy P and O MPPT can be used to have a 
better output with minimum ripple. The performances of 
the three MPPT methods were put in Table 3. From the 
Table 3 it was observed that the fuzzy P and O MPPT 
ripple is minimum compared to the other two methods.  

ACKNOWLEDGMENT 

The authors would like to thank the Indian Institute of 
Technology, Bombay for providing the solar simulator 
kit, PV panel and accessories and Selvam College of 
Technology for the laboratory facilities provided. 

REFERENCES 

[1] Chaitanya T., Saibabu C. and Surya Kumar, J., 
2011. Modeling and simulation of PV array and its 
performance enhancement using MPPT (P and O) 
technique. International Journal of Computer 
Science and Communication Networks 1(1): 9-16. 

[2] Wang C.-C., Wu M.-C., Lin K.-J. and Lin C.-R., 
2010. Analysis and research maximum power point 
tracking of photovoltaic array. International 
Symposium on Computer, Communication Control 
and Automation, Taiwan, 5-7 May. 

[3] Chin C.S., Neelakantan P., Yoong H.P., Yang S.S. 
and Kinteo K.T., 2011. Maximum power point 
tracking for PV array under partially shaded 
conditions. Third International Conference on 
Computer, Communication and Networks, India, 
26-28 July.  

[4] Pradeepa K. and R. Sankar. 2013. Implementation 
of interleaved boost converter for PV power 
generation system. International Journal of 
Research in Engineering and Advanced Technology 
1(1): 1-7. 

[5] Elanchezhian. 2012. Soft-switching boost converter 
for photovoltaic power generation system with PSO 
based MPPT. International Journal of 
Communication and Engineering 6(1): 121-128. 

[6] Subiyanto, Azah Mohamed M.A. and Hannan. 
2012. Intelligent maximum power point tracking 
for PV system using Hopefield rural network 
optimized fuzzy logic controller. Energy and 
Buildings 51: 29-38. 

[7] Lin C.-H., Huang C.-H., Du Y.-C. and Chen J.-L., 
2011. Maximum photovoltaic power tracking for 
the PV array using the fractional – order 

incremental conductance method, Applied Energy 
88: 4840-4847. 

[8] Marimuthu M., Kamalakannan A. and Karthick M., 
2012. Interleaved boost converter with MPPT 
controller for photovoltaic system. MIT 
International Journal of Electronics and 
Instrumentation Engineering 2(2): 70-76. 

[9] Jung D.-Y., Ji Y.-H., Park S.-H., Jung Y.-C. and 
Won C.-Y., 2011. Interleaved soft switching boost 
bonverter for photovoltaic power generation 
system. IEEE Transactions on Power Electronics 
26(4): 1137-1144. 

[10] Bahgat A.B.G., Helwa N.H., Ahmad G.E. and 
Shenawy E.E.T., 2005. Maximum power point 
tracking controller for PV systems using neural 
networks. Renewable Energy 30: 1257-1268. 

[11] Kim J.-H., Jung Y.-C., Lee S.-W., Lee T-W. and 
Won C.-Y., 2010. Power loss analysis of interleave 
soft switching boost converter for single- phase PV-
PCS. Journal of Power Electronics 4: 335-341. 

[12] Kamtip S. and Bhumkittipich. 2011. Design and 
analysis of interleaved boost converter for 
renewable energy applications. In 9th Eco Energy 
and Material Science and Engineering Symposium, 
Thailand, 25-28 May. 

[13] Yazadani M.R., Farzanehfard H. and Faiz J., 2011. 
Classification and comparison of EMI mitigation 
techniques in switching power converters – a 
review. Journal of Power Electronics 11(5): 767-
777. 

[14] Safari A. and S. Mekhilef. 2011. Incremental 
conductance MPPT method for PV systems. In 24th 
Canadian Conference on Electronics and Computer 
Engineering, Canada, 8-11 May. 

[15] Jaen C., Moyano C., Santacruz X., Pou J. and Arias 
A., 2008. Overview of maximum power point 
tracking control techniques used in photovoltaic 
systems. In 15th IEEE International Conference on 
Electronic Circuits and Systems, Terrassa, 31 
August – 4 September. 

[16] Park S., Park Y., Choi S., Choi W. and Lee K.-B., 
2011. Soft-switching interleaved boost converters 
for high step-up and high-power applications. IEEE 
Transactions on Power Electronics 26(10): 2906-
2914.  

[17] Jose R. Pinherio., Hilton, A., Griindling, Dalton 
L.R.Vidor. and Josc E. Baggio., 1999, Control 
Strategy of an Interleaved Boost Power Factor 
Correction Converter, Power Electronics 
Specialists Conference, Charleston, 27 June – 1 
July. 

[18] Kappali M. and R.Y. Uday Kumar. 2012. 
Harnessing maximum power from solar PV panel 
for water pumping application: a simple approach, 
International Energy Journal 13: 145-160. 

[19] Salas V., Olias E., Barrado A. and Lazaro A., 2006. 
Review of the maximum power point tracking 
algorithms for stand-alone photovoltaic systems. 
Solar Energy Materials and Solar Cells 90: 1555-
1578. 

[20] Alsadi S. and B. Alsayid. 2012. Maximum power 
point tracking simulation for photovoltaic systems 

http://www.rericjournal.ait.ac.th/


P. Manimekalai, R. Harikumar and S. Raghavan / International Energy Journal 14 (2014) 143-154 

www.rericjournal.ait.ac.th  

154 

using perturb and observe algorithm. International 
Journal of Engineering and Innovative Technology 
2(6): 80-85. 

[21] Faranda R. and S. Leva. 2008. Energy comparison 
of MPPT techniques for PV Systems. WSEAs 
Transactions on Power System 3: 446-455. 

[22] Dolara A., Faranda R. and Leva S., 2009. Energy 
comparision of seven MPPT techniques for PV 
systems. Journal of Electromagnetic Fields and 
Applications 3: 152-162.  

[23] Hohm D.P. and M.E. Ropp. 2003. Comparative 
study of maximum power point tracking 
algorithms. In Progress in Photovoltaic Research 
and Application, Anchorage, 22 November. 

[24] Nezvat O., 2010. Recent developments in 
maximum power point tracking technologies for 
photovoltaic systems. International Journal of 
Photo Energy Article ID 245316, 1-11. 

[25] Salam Z., Ahamed J. and Merugu B.S., 2013. The 
application of soft computing methods for MPPT of 
PV system: A technological and status review. 
Applied Energy 107: 135 – 148. 

[26] Khan S.K. and M.I. Hosain. 2010. Design and 
implementation of microcontroller based fuzzy 
logic control for maximum power point tracking of 
a photovoltaic system. International Conference on 
Electrical and Computer Engineering, Onaka, 
Bangladesh, 18-20 December. 

[27] Zein Alabedin A.M., Saadany E.E.F. and Salama, 
M.M.A., 2011. Maximum power point tracking for 
photovoltaic systems using fuzzy logic and 
artificial neural networks. In Power and Energy 
Society General Meet, Santiago, 24-29 July. 

[28] Algazer M.M., AL-monier H., Abd EL-halim H. 
and Salem M.E.E.K., 2012.  Maximum power point 
tracking using fuzzy logic control, Electrical Power 
and Energy systems. 39: 21-28. 

[29] Ahmad H., Khateb E., Rahim N.A. and Selvaraj J., 
2013. Fuzzy logic control approach of a maximum 
power point employing SEPIC converter for 
standalone photovoltaic system. Procedia 
Environmental Sciences 17: 529-536. 

[30] Mahammad A.K., Saon S. and Sweechee W., 2013. 
Development of optimum controller based on 
MPPT for photovoltaic system during shading 
condition. Procedia Engineering 53:337- 346. 

[31] Sadek S.M., Fahmy F.H., Abd El-Shafy A. and Abu 
El-Magd N.M., 2014. Fuzzy P and O Maximum 
power point tracking algorithm for a stand-alone 
photovoltaic system feeding hybrid loads. Smart 
Grid and Renewable Energy 5: 19-30. 

[32] El Khateb A.H., Abd Rahim N. and Selvaraj J., 
2013. Type-2 fuzzy logic approach of a maximum 
power point tracking employing sepic converter for 
photovoltaic system. Journal of Clean Energy 
Technologies 1: 41-44. 

 
 

http://www.rericjournal.ait.ac.th/

	4. INTERLEAVED CONVERTERS

