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Abstract: Many parts of remote locations in the world are not electrified even in this Ad-
vanced Technology Era. To provide electricity in such remote places renewable hybrid 
energy systems are very much suitable. In this paper PV/Wind/Battery Hybrid Power 
System (HPS) is considered to provide an economical and sustainable power to a remote 
load. HPS can supply the maximum power to the load at a particular operating point 
which is generally called as Maximum Power Point (MPP). Fuzzy Logic based MPPT 
(FLMPPT) control method has been implemented for both Solar and Wind Power Sy-
stems. FLMPPT control technique is implemented to generate the optimal reference 
voltage for the first stage of DC-DC Boost converter in both the PV and Wind energy 
system. The HPS is tested with variable solar irradiation, temperature, and wind speed. 
The FLMPPT method is compared with P&O MPPT method. The proposed method 
provides a good maximum power operation of the hybrid system at all operating condi-
tions. In order to combine both sources, the DC bus voltage is made constant by employ-
ing PI Controllers for the second stage of DC-DC Buck-Boost converter in both Solar 
and Wind Power Systems. Battery Bank is used to store excess power from Renewable 
Energy Sources (RES) and to provide continuous power to load when the RES power is 
less than load power. A SPWM inverter is designed to convert DC power into AC to 
supply three phase load. An LC filter is also used at the output of inverter to get sinu-
soidal current from the PWM inverter. The entire system was modeled and simulated in 
Matlab/Simulink Environment. The results presented show the validation of the HPS 
design. 
Key words: Solar PV system, Wind energy conversion system, Hybrid power system, 
DC-DC converters, Fuzzy logic based MPPT, Three phase PWM inverter 

 
 
 

1. Introduction 
 
 Environmental effects such as global warming and pollution due to fossil fuel based 
electricity production systems are become huge issues in the International Agenda in the last 
two decades. Researchers are trying to meet the ever increasing energy demands with 
inexaustible, enviromentally friendly Renewable Energy Sources (RES) [1]. RES are clean, 
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pollution free and abundantly available in nature. Recently, Solar PV and Wind energy 
sources have been proved as more promising, technically matured, and cost effective energy 
sources. They are being used in many places of world as a single source are combinely as HPS 
[1-4]. These sources are used in stand-alone or grid connected mode. PV-Wind hybrid power 
system with storage device can provide reliable power for stand alone loads [1-3]. 
 The renewable energy sources are producing energy using natural resources like solar 
irradiation, natural wind, tides or waves etc. These natural resources are varying in nature with 
respect to time. So the power production from renewable energy sources also varying from 
time to time. Maximum power from the sources can be obtained by using MPPT Controller [1, 
5-10]. In order to obtain maximum power from these sources, many maximum power tracking 
techniques can be found in the literature. For extracting maximum power from solar PV, 
techniques like Perturb & Observe (Hill Climbing) Incremental Conductance, Current Control, 
Voltage Control, Pilot Cell, Current Compensated Voltage Control, Fuzzy Logic Control, 
Neural Network Control etc. have been proposed in the literature [1, 5, 6, 9]. For wind system 
many techniques such as Tip speed ratio cotrol, Hill Climbing search,  Fuzzy Logic Control, 
Neural Network Control etc. has been proposed in the literature [1, 10, 11].  
 
 

2. Hybrid power system configuration 
 
 In this paper a PV/Wind/Battery Hybrid power system with a 3-phase load is considered.  
The configuration of the system is shown in Figure 1 [2, 3]. This centralized DC bus HPS 
structure provides some advantages such as robust control, economics and easiness of control 
[1]. The PV modules considered are generating peak power of 100 kW. TitanS6_60 solar 
panels are modeled for 100 kW output power at nominal operating cell temperature and solar 
irradiation. 24 solar panels are connected in series and 20 such strings are connected in paral-
lel. Totally 480 panels are used for constructing the solar PV system. A PMSG type generator 
rated for 200 kW is considered for wind turbine. The connected load to the system is 80 kW 
maximum considered as 40 kW base load and two additional loads of 20 kW each. The load is 
variable because it is considered as a village electricity load. The Battery Energy Storage 
System (BESS) are rated for 300 kWh. One string consists of 72 batteries of 120 Ah con-
nected in series, which can store 100 kWh of energy. Three such strings are connected in 
parallel to provide 300 kWh of energy ie. the BESS can supply 3 h 45 minutes for the maxi-
mum load of 80 kW. The system components and controllers are modeled in MATLAB/ 
Simulink. 
 Generally, the DC bus voltage regulated by adjusting the amplitude of the injected current 
into AC side. An increase in the injected AC current will cause a decrease in the DC bus 
voltage and vice versa, but this approach may cause significant deterioration of the power 
quality on AC side. In order to achieve MPP operation and DC voltage stabilization two stages 
of DC-DC converters are employed [1] in the proposed scheme of HPS as in Figure 1. The 
first stage is Boost converter, which is employed for MPP operation. The second converter is 
Buck-Boost converter, which can regulate the DC bus voltage.  
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 In this paper a Fuzzy Logic based MPPT is proposed [5-10] for the HPS, which can 
electrify a village load or an industrial load of 80 kW Peak. The output voltage from solar PV 
system varies from 150 V to 850 V according to solar irradiation level and temperature. The 
output voltage from wind generator is 120 V to 925 V depends on the wind speed. These 
voltages are boosted by changing the duty cycle of the Boost converter in each case. The duty 
cycles are obtained from respective Fuzzy Logic Controllers. The DC Bus voltage is main-
tained at 850 V, by the use respective DC-DC Buck-Boost converters with PI controller for 
both Solar and Wind Generator as shown in Figure 1.  
 

 
Fig. 1. PV/wind/battery hybrid power system 

 
 

3. Energy management algorithm 
 
 It is important to utilize the available RES power and the load should be met without more 
interruptions. For this purpose an energy management algorithm is necessary in the HPS. The 
main decision making factors in the proposed energy management algorithm are the level of 
the power provided by the RES (solar, wind), load power and the state of charge (SOC) of the 
battery bank [2]. The power management algorithm utilised in this paper is shown in Figure 2. 
The algorithm has the following steps [2, 3]:  
i) Receive solar PV power, wind power, battery power, load power and SOC of the battery. 
ii) Calculate RES power Pavailable= Psolar + Pwind and Pexcess= Pavailable – PLoad. 
iii) Check whether Pexcess is greater than or equal to zero.  
iv) If Pexcess is equal to zero then meet the load only without battery. 
v) If Pexcess is greater than zero and SOC is ≥ 80% then meet the load and connect dump 
         load.  
vi) If Pexcess is positive and SOC is not ≥ 80% then meet the load and charge the battery  
         bank.  
vii) If Pexcess is negative and SOC is less than 40% disconnect all loads. 
viii) If Pexcess is negative and SOC is between 40% and 80% then check Pexcess + PBattery ≥ 80 kW. 
ix) If Pexcess +PBattery ≥ 80 kW then meet the load with battery bank. 
x) If Pexcess +PBattery < 80 kW then disconnect load3 and check Pexcess + Pbattery ≥ 60 kW. 
xi) If Pexcess + PBattery ≥ 60 kW then meet the load with battery bank. 
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xii) If Pexcess + PBattery < 60 kW then disconnect load2 and check Pexcess + Pbattery ≥ 40 kW. 
xiii) If Pexcess+PBattery ≥ 40 kW then meet the load with battery bank. 
xiv) If Pexcess+PBattery < 40 kW then disconnect load1.  
xv) Repeat  the sequence. 
 

 
Fig. 2. Algorithm for Power management in HPS 

 
 This algorithm checks all conditions in the HPS and taking decision according to dif-
ference power between RES power and load power, SOC of the battery.  

 
4. Model for solar PV system and principle of MPPT 

 The model of the PV cell can be developed by using equivalent circuit of PV Cell. The 
basic equation that describes I-V characteristic of the ideal photovoltaic cell shown in Figure 3 
is [5-7, 9, 11]: 
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where Ipv,cell is the current generated by the incident light, Id is the Shockley diode equation, 
Io,cell is the reverse saturation or leakage current of the diode, q is the electron charge 
(1.60217646 × 10–19 C), k is the Boltzmann constant (1.3806503 × 10–23 J/K), T (in Kelvin) is 
the temperature of the p-n junction, and a is the diode ideality constant. Practical arrays are 
composed of several photovoltaic cells that are connected in series and parallel. Cells con-
nected in parallel increase the output current and cells connected in series provide greater out-
put voltages. 
 The observation of the characteristics at the terminals of the photovoltaic array requires 
additional parameters to (1). So it can be expressed as  
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where Ipv and Io are the photovoltaic (PV) and saturation currents, respectively, of the array 
and Vt = NkT/q is the thermal voltage of the array with Nss cells connected in series. The I-V 
characteristic of the photovoltaic device depends on the internal characteristics of the device 
(Rs, Rp) and on external influences such as irradiation level and temperature. 
 

 
Fig. 3. Generalized model of a PV cell 

 
 

 A 100 kW Solar system is simulated in MATLAB/Simulink. TitanS6_60 Panel’s data were 
used for simulation [11]. The specifications of the TitanS6_60 panel are given in Table 1. To 
design 100 kW PV system 24 modules are connected in series and 20 such strings are con-
nected in parallel. Figure 4 shows the power Vs voltage characteristics of the 100 kW PV 
system at various voltage and current levels. For the maximum power the PV voltage is vary-
ing from 620 V to 680 V approximately for 200 W/m2 to 1000 W/m2 at 25EC. 
 The available power from solar PV system depends on irradiation and temperature. The 
maximum power can be extracted from solar PV system by operating the panels output to 
match the load resistance means that changing the level of operating voltage and current. This 
could be explained using the I-V characteristic and P-V characteristic of the PV system shown 
in Figure 5. 
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Fig. 4. P-V characteristics of 100 kW PV system at different irradiation and temperature levels 

 

 
Fig. 5. I-V and P-V characteristics of PV system 

 
Table 1. Parameters of the TITANS6_60 PV Module at 25o C and 1000 W/m2 

Parameter Symbol Value 
Peak power PMPP 215.015 W 
Peak power voltage VMPP 28.9 V 
Peak power current IMPP 7.44 A 
Open circuit voltage VOC 37 V 
Short circuit current ISC 8.21 A 
Temperature coefficient of current Ki 3.183 mA/EC 
Temperature coefficient of voltage Kv !0.123 mV/EC 
Number of series cells Ns 60 
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 For varying loads, irradiation and temperature, the maximum power tracking is nothing but 
adjustment of load line. To adapt the load resistance to the solar PV system and extract maxi-
mum power, the duty cycle is set to its optimal value which corresponds to its optimal operat-
ing point (Vopt, Iopt). R1 and R2 are load resistances for two different load conditions. If the PV 
system is operated at either of these points, could not produce maximum power. Instead it will 
produce lesser power than maximum power. To increase the efficiency of the solar PV system 
it is necessary to employ maximum power tracking techniques. 
 

 
5. Model for wind energy system and principle of MPPT 

 
 Wind power varies throughout the day as wind speed varies. Power produced by a wind 
turbine is given by [1-3, 10, 11] 

  ,),(5.0 32
wVRpCP βλρπ=  (3) 

where, R is the turbine radius, Vw is the wind speed, ρ is the air density, Cp is the power coef-
ficient, λ is the tip speed ratio and $ is the pitch angle. In this work $ is taken as zero. The tip 
speed ratio is given by: 
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where S is the turbine angular speed. The dynamic equation for the wind turbine is written as 
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where, J is the system inertia, F is the viscous friction coefficient, Tm is the torque developed 
by the turbine, TL is the torque due to load which in this case is the generator torque and ωr is 
the turbine rotor speed.  
 The turbine power coefficient Cp(λ, $) is a non-linear function and given by [11] 
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The simulation for Cp(λ, $ )Vs8 was carried out in MATLAB and is given in Figure 6 [11]. It 
is observed that one value of Cp which provides maximum power for each value of $. For  
$ = 0, the maximum value of Cp is 0.42. 
 The optimum power obtained from a wind turbine is given in (7) 



                                              T. Bogaraj, J. Kanakaraj, J. Chelladurai                                     Arch. Elect. Eng. 494 

  ,Ω3
optoptopt KP =    (7) 

where, 

  ,),(5.0
3

5
max

opt
opt

RCpK
λ

βλρπ
=         (8) 

  .Ω
R
Vwopt

opt
λ

=       (9) 

 

 
Fig. 6. Power Coefficient Vs Tip Speed Ratio characteristic of Wind Turbine for different Pitch angle 

 

 
Fig. 7. Mechanical power Vs rotor speed characteristics of wind turbine 

 
Figure 7. shows turbine mechanical power as a function of rotor speed at various wind speeds 
Vw1, Vw2, Vw3, Vw4, and Vw5. The power for a certain wind speed is maximum at a certain value 
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of rotor speed called optimum rotor speed Sopt. This is the speed which corresponds to opti-
mum tip speed ratio Sopt 8opt The turbine should be always operated at 8opt in order to achieve 
maximum possible power. This is possible by controlling the rotational speed of the turbine so 
that it always rotates at the optimum speed of rotation. The specifications of wind turbine and 
PMSG are given in Table 2 and 3 respectively. 

 
Table 2. Parameters of 210 kW wind turbine 

Parameter Symbol Value 
Mechanical output power Pm 210  kW 
Base wind speed Vw 11 m/s 
Maximum power at base wind speed Pmax 0.9 pu 
Pitch angle $ 0E 

 
Table 3. Parameters of 200 kW PMSG generator 

Parameter Symbol Value 

Stator Resistance Rs 0.005 Ω 

Armature Inductance La 0.000835 H 

Static friction Tf 0.54 N-m 

Flux Linkage ф 0.283 Wb 

Moment of Inertia J 0.1197 kg.m2 

Viscous damping F 0.1189 N-m 

Pole Pairs P 24 

 

6. Model of the battery energy storage system 
 
 The power generated from RES consists of sharp and transient variations. To meet the load 
smoothly it is necessary to provide an energy storage system in the HPS. A Battery Energy 
Storage System (BESS) with the specifications given in Table 4 is considered with RES. The 
BESS consists of 3 parallel strings with 72 batteries in each string. The discharge current 
characteristics of the BESS are shown in Figure 8. 

 
Table 4. Specification of battery energy storage system 

Component Ratings 
BESS 300 kWh 

1 module 72 single batteries in series 
Single battery capacity 12 V, 120Ah 

Maximum working voltage 840V 
Minimum working voltage 696V 
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Fig. 8. Nominal discharge current characteristics of BESS 

 
 

7. Fuzzy control method for MPPT 
 
 Fuzzy logic is recently employed for control of tracking the maximum power in Solar PV 
[5-9] and Wind Energy systems [10, 11]. This technique does not require the model of the 
system but necessitates the thorough knowledge about the system [2, 5-9]. The inputs for the 
fuzzy logic controller are power error and change in power error. They can be defined for PV 
system and Wind system respectively at sampled time k by, 
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The inputs PEPV (k), PEW(k) represents the location of the operation point on the left or right 
side of maximum power point on the Power Vs Voltage characteristic of the solar PV system 
and Power Vs Wind velocity characteristic of wind Turbine respectively. The inputs CPEPV (k), 
CPEW(k), are representing the direction of movement of the operating point towards the maxi-
mum power point on the Power Vs Voltage Characteristic of PV system and Power Vs Wind 
velocity characteristic of wind Turbine respectively. 
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(a) 

 
(b) 

 
(c) 

Fig. 9. Membership function of (a) Error E (b) Change in Error CE (c) Duty cycle 
 

Table 5. Fuzzy rule table 
E 
       CE NB NM NS ZE PS PM PB 

NB NB NB NB NB NM NS ZE 

NM NB NB NB NM NS ZE PS 

NS NB NB NM NS ZE PS PM 

ZE ZE NM NS ZE PS PM PB 

PS NM NS ZE PS PM PB PB 

PM NS ZE PS PM PB PB PB 

PB ZE PS PM PB PB PB PB 

 
 The membership functions and fuzzy inference rules are defined based on Mamdani’s 
method. The membership functions of two input variables PEPV (k), CPEPV (k), and the output 
variable duty cycle are shown in Figure 9. The fuzzy rules for the DC-DC Boost MPPT 
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control are given in Table 5. The Membership functions for the Power Error (PE) and Change 
in Power Error (CPE) and Duty Cycle (D) are chosen such as NB-Negative Big, NM- Nega-
tive Medium, NS- Negative small, ZE-Zero, PS-Positive Small, PM-Positive Medium, and 
PB-Positive Big. The duty cycle for the DC-DC Boost converter D is obtained using center of 
gravity method and is calculated using (13) [7, 8]. 
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where (:(D )j) is the aggregated membership function of the duty cycle and Dj is the output 
variable. 
 

8. Boost converter and fuzzy control 

 DC-DC converter is designed [12, 13] to use as MPPT in both PV [1-3, 5-9] and Wind 
Energy systems [4]. The MPPT control logic for the solar PV system is shown in Figure 10.  

 

 
Fig. 10. Control of D using FLC for boost converter 

 
The Fuzzy controller produces the duty cycle for the DC-DC Boost converter based on the 
Power Error and Change in Power Error, which are defined in (10) and (11) respectively. The 
parameters of the Boost converters for Solar PV and Wind systems are given in Table 6 and 7 
respectively. 

 
Table 6. Parameters of boost converter for solar PV system 

Parameter Symbol Value 
input voltage Vs 150-850 V 
output voltage V0 230-1100 V 
switching frequency Fs 20 kHz 
inductance L 8.9 mH 
capacitance C 57 μF 
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Table 7. Parameters of boost converter for wind energy system 

Parameter Symbol Value 
input voltage Vs 120-925 V 
output voltage V0 400-1000 V 
switching frequency Fs 20 kHz 
inductance L 7.4 mH 
capacitance C 86 μF 

 
 

9. Buck-Boost converter and PI control 
 
 A Buck-Boost converter with PI Control is designed [12, 13] to modulate the duty cycle to 
make the output DC bus voltage constant for both PV and Wind systems [1]. The output vol-
tage from the first stage Boost converter is the input to the second stage Buck-Boost converter. 
The control scheme is shown in Figure 11. The output of the Buck-Boost Converter is main-
tained constant by the control of duty cycle to the Buck-Boost Converter. The duty cycle is ob-
tained using PI Control. The parameters of the systems are given in Table 8 and 9 respectively. 

 

.  
Fig. 11. Control of D in Buck-Boost Converter 

 
Table 8. Parameters of Buck-Boost Converter and PI Controller for PV system 

Parameter Symbol Value 
input voltage Vs 230-1100 V 
output voltage V0 850 V 
switching frequency Fs 20 kHz 
inductance L 8 mH 
capacitance C 85 μF 
proportional gain Kp 2 
integral gain Ki 50 
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Table 9. Parameters of Buck-Boost Converter and PI Controller for Wind system 

Parameter Symbol Value 
Input voltage Vs 400-1000 V 
Output voltage V0 850 V 
Switching frequency Fs 20 kHz 
Inductance L 9 mH 
Capacitance C 57 μF 
Proportional gain Kp 3.86 
Integral gain Ki 500 

 
 

10. Inverter and filter model 
 

Table 10. Operating Values of Three Phase PWM Inverter 

Parameter Symbol Value 

DC input voltage Vs 850 V 
AC input voltage V0 415 V 
carrier frequency Fc 20 kHz 
modulation index m 0.9 
filter inductance L 53 mH 
filter capacitance C 87 μF 

 
A sine PWM inverter is used [12, 13] at the output stage to convert the DC Voltage into  
3-phase AC Voltage. The low harmonic distortion of the voltage and current at the output of 
the inverter is achieved by using an inductive, capacitive filter. The operating values of three 
phase PWM inverter and filter are tabulated in Table 10. 

 
 

11. Simulation results and discussion 
 
 A hybrid power system has been simulated in Matlab/Simulink environment with MPPT 
control and power flow control. The output of PV and Wind system are simulated under vari-
able environmental conditions. The results of fuzzy logic based MPPT is shown in Figure 12 
and 13 respectively for Solar PV and WECS systems. The fuzzy controller tracks the MPPT 
very closely and is effective under all varying environmental conditions. When compare to 
P&O method the output power with fuzzy control is approximately 3 to 8% higher. Also the 
oscillations are reduced by the proposed Fuzzy controller. This shows the rigidness of the 
Fuzzy MPPT Control. The output of MPPT controller voltage is made constant by the buck 
boost converter with the help of PI controllers which is shown in Figure 14.  
 The Peak Voltage of Three Phase PWM Inverter is 586 V and it is shown in Figure 15. 
The three phase RMS output voltage is 415 V which is shown in Figure 16. 
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Fig. 12. Maximum power of solar PV system 

 

  

Fig. 13. Maximum power of WECS system 
 

 

Fig. 14. DC bus voltage 
 

 

Fig. 15. Output voltage of three phase inverter 
 
The THD spectrums for output current without and with filter are shown in Figure 17 and 
Figure 18 respectively. 
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Fig. 16. RMS voltage of three phase inverter 

 
The output current of three phase inverter without filter has 83% of THD, which is shown in Fig. 
17. By using LC-filter, the current harmonic is reduced to 0.97% of THD as shown in Fig. 18. 
 

 
Fig. 17. THD spectrum for output current without filter 

 

 
Fig. 18. THD spectrum for output current with filter 
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12. Conclusion 
 
 The stand-alone 100 kW Solar PV and 200 kW Wind Energy Systems with Battery Bank 
of 300 kWh capacity are designed, simulated for a load of 80 kW peak. The proposed fuzzy 
logic based MPPT technique can track the maximum power point faster than the conventional 
controller. It has the ability of reducing the voltage fluctuation after MPP has been recognised. 
The Solar PV and wind energy system not only boosts up the voltage but also produce  
a signal, free from transient noise. Hence the performance of the closed loop system has been 
improved by using FLC.  
 The synchronized hybrid Solar and Wind energy systems are simulated in MATLAB/ 
Simulink. After obtaining the constant output voltage, from both Wind and Solar energy sy-
stems, they are connected in parallel. The DC source from hybrid power system is converted 
to AC by using PWM inverter. In order to produce a pure sine wave output with low harmo-
nics, an LC filter is used. The output current of the inverter has 0.97% of THD which is lower 
than the IEEE-519-1992 standard. The hybrid power system can be utilized either for remote 
generation plants or it can be utilized for grid integration. 
 
Future Work 
 The proposed system can be further tested with other renewable energy sources such as 
Hydro power plants and Bio-gas plants and storage devices such as Fuel cell, Double layer 
capacitors. This will improve reliability and robustness of the HPS system in supplying 
continuous power to load and power quality. The three phase inverter output voltage is 415 V, 
50 Hz AC supply with lesser harmonic content can be synchronized with the grid. More frac-
tions in the load could be considered in order to utilize the maximum available renewable 
energy effectively with new load management strategies. Many hilly regions, remote places in 
India are not having electricity. In such places the proposed system can be implemented in real 
time. 
 
 
References 
 [1] Skretas S.B., Papadopoulos D.P., Efficient design and simulation of an expandable hybrid (wind-

photovoltaic) power system with MPPT and inverter input voltage regulation features in compliance 
with electric grid requirements. Electric Power Systems Research 79(9): 1271-1285 (2009). 

 [2] Kalantar M., Mousavi G.S.M., Dynamic behavior of a stand-alone hybrid power generation system 
of wind turbine, microturbine, solar array and battery storage. Applied Energy 87(10): 3051-3064 
(2010). 

 [3] Dursun E., Kilic O., Comparative evaluation of different power management strategies of a stand-
alone PV/Wind/PEMFC hybrid power system. Electrical Power and Energy Systems 34(1): 81-89 
(2012).  

 [4] Bhende C.N., Mishra S., Malla S.M., Permanent Magnet Synchronous Generator-Based Standalone 
Wind Energy Supply System. IEEE Transactions on Sustainable Energy 2(4): 361-373 (2011). 

 [5] Mahamudul H., Saad M., Henk M.I., Photovoltaic System Modeling with Fuzzy Logic Based Maxi-
mum Power Point Tracking Algorithm. International Journal of Photoenergy, 2013: 1-10 (2013). 

 [6] Altas I.H., Sharaf A.M., A novel maximum power fuzzy logic controller for photovoltaic solar 
 energy systems. Renewable Energy 33(3): 388-399 (2008). 



                                              T. Bogaraj, J. Kanakaraj, J. Chelladurai                                     Arch. Elect. Eng. 504 

 [7] Bendib B., Krim F., Belmili H. et al., Advanced Fuzzy MPPT Controller for a stand-alone PV sy-
stem. Proc. Int. Conf. Technologies and Materials for Renewable Energy, Environment and Sustain-
ability, Beirut, Lebanon, Energy Procedia 50: 383-392 (2014). 

 [8] Algazar M.M., Al-monier H., El-halim H.A., Salem M.E.E.K., Maximum power point tracking 
using fuzzy logic control. Electrical Power and Energy Systems 39(1): 21-28 (2012). 

 [9] Liu C.L., Chen,J.H., Liu,Y.H., Yang Z.Z., An Asymmetrical Fuzzy-Logic-Control-Based MPPT 
Algorithm for Photovoltaic Systems. Energies 7(4): 2177-2193 (2014). 

[10] Kamal E., Koutb M, Sobaih A.A., Abozalam B, An intelligent maximum power extraction algorithm 
for hybrid wind–diesel-storage system. Electrical Power and Energy Systems 32(3): 170-177 (2010). 

[11] Bogaraj T., Kanakaraj J., Development of MATLAB/SIMULINK Models for PV and Wind Systems 
and Review on Control strategies for Hybrid Energy Systems. International Review on Modelling 
and Simulations 5(4): 1701-1709 (2012).  

[12] Mohan N., Robbins W.P., Undeland T.M., Power Electronics: Converters, Applications and De-
sign. John Wiley & Sons (2003). 

[13] Rashid M.H., Power Electronics: Circuits. Devices & Applications, Pearson Education (2014). 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


