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Abstract:  Now-a-days, the generation of electricity is done with the renewable energy sources. But the main problem with these 

renewable energy sources is their intermittent nature. As single renewable energy resource is used, the reliability of the power 

system is decreased. In order to vanquish the problem, storage system with large capacity should be used. But this increases the 

size as well as the cost of the system which drastically reduces the flexibility. To overcome this problem a standalone hybrid 

power supply system is designed by integrating the solar and wind energy to generate electricity. The hybrid system increases the 

generation capacity without increasing the storage unit and maintains reliable electricity to the consumer. The proposed system 

has been modeled using MATLAB/Simulink and verify under variable sources and load condition without compromising with the 

power quality issue. 

 

IndexTerms: Renewable energy,Solar, Wind,MPPT,Hybrid Power quality, Adaptive Neuro-Fuzzy Inference System(ANFIS). 

  

I. INTRODUCTION 

Increased demand of energy throughout the world, shortage of fossil fuels and environmental 

problems caused by conventional power generation has led to an urgent search for renewable energy sources.  

Renewable Energy is the energy that comes from natural resources such as sunlight, wind, tides and 

geothermal heat which are naturally replenished at a constant rate. Renewable Energy sources are clean, 

inexhaustible and are thought to free energy sources, such as solar and wind energies. Over the past few 

years, renewable energies represent a rapidly growing share of total energy supply, including heat and 

transportation. A standalone distributed generation system is effective for electrifying a remote rural area 

where traditional grid connection is absent. Due to the absence of the grid connectivity the battery maintains 

the reliability of the supplied electricity. The battery is used to store the energy when the renewable sources 

are available and this stored energy is utilized whenever energy is to be supplied to the consumers. The 

present study is addressing a new technology to integrate the generated electricity from solar and wind 

energy sources in a standalone distributed generation system to ensure optimum reliability to the consumer. 

 

II. Proposed configuration  
 

The proposed configuration of a standalone hybrid power supply system (SHPSS) is shown in Fig. 1. 

In this proposed system, both the solar energy and the wind energy is converted to electrical energy using 

PV array and a wind turbine generator (WTG) set. An incremental conductance (IC) based maximum power 

point tracking (MPPT) controller is attached to the PV array to maintain the power at the maximum power 

level during variable solar irradiance and then, the obtained energy is supplied to the battery bank. For WTG 

the optimum torque controlled (OTC) based MPPT controller is maintaining the maximum power level 

under variable wind speed. To store the generated AC from the WTG a three phase rectifier unit is attached 

to the system which converts generated AC to DC and then, the obtained energy is supplied to the battery 

bank. In this proposed system to store the generated energy from solar and wind, individual battery bank is 

connected to the individual sources separately and the generated energy is supplied to the load using a 

hybrid battery management system. The charge controller maintains the battery management system in such 

a way that a single battery unit is in operation at a time and the other remains in standby condition. 

  

The voltage of the operating battery is increased using stepped up DC-DC converter and further 

converted to AC with the desired quality using a ANFIS controlled DC-AC inverter to maintain desired 

voltage.  
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Fig. 1. A standalone hybrid power supply system using solar and wind energy. 

 

2. 1. Photovoltaic cell circuit diagram and performance: 
 

The solar irradiance is directly converted to electricity using photovoltaic (PV) cell. In a PV 

characteristic there are basically three important points viz. open circuit voltage, short circuit current and 

maximum power point. The maximum power that can be extracted from a PV cell are at the maximum 

power points. Usually manufacturers provide these parameters in their data sheets for a particular PV cell or 

module. A PV model using the data of Sun Power E20/435 W has been built in MATLAB Simulation 

software. To maintain the generated voltage at the maximum power level a buck converter is utilized here 

operated by the incremental conductance (IC) based MPPT controller. In a buck converter the 

semiconductor switch continuously turns ON and OFF by the switching signals provided by the MPPT 

controller to maintain the desired output voltage at the maximum level. When thyristor is turned ON, the 

output voltage is same as the input voltage and if it is turned OFF, the output voltage is zero. If this diode is 

absent, a high induced EMF in inductance may cause damage to the switching device. The inductor and 

capacitor are applied here to maintain the current and voltage ripple within the limit. The output voltage of 

the buck converter is  

                                              Vout = DVin                         ….(1)                                       

where, Vin is the input voltage of the Buck converter, Vout is the output voltage of the buck converter and 

D represents the duty cycle.The I-V and P-V characteristic of the array are shown in Figs. 2 and 3 

considering the temperature of the environment is Constant. 

            
 

Fig. 2. I-V curve of  PV array.                                          Fig. 3. P-V curve of PV array. 
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2.2. Incremental conductance (IC) method  

In this proposed system to extract power under variable irradiance of the sun the incremental conductance 

(IC) based MPPT controller is used here. To obtain maximum power the voltage and the current is observed 

and the conductance of the network is analyzed. The maximum power is obtain by changing the duty cycle 

of the controller and by maintain desired voltage. The driving equation of the IC based MPPT method is 
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Fig. 4. Operating power (P) and voltage (V) curve of the conventional IC algorithm. 
In Fig. 4 indicates the voltage and power profile of a PV array under a constant solar irradiance. Due to 

variation of voltage the extracting power also changes. The PV array provides the maximum power when 

dp/dv =0.From the figure if the operating voltage of the PV array is less than the maximum power condition 

voltage the Eq. (2) modifies to 
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which indicates the less power drown by the PV array with less voltage. But whenever the operating voltage 

is too high the PV array again draws less amount of power and the Eq. (2) modifies to 
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The Eq. (3) indicates left hand side of the maximum power condition and Eq. (4) satisfies the right hand 

side of the MPP condition observed in Fig. 4. The algorithm related to IC based MPPT controller is shown 

in Fig. 5. Where k represents the counter and D represents the duty cycle which operates the connected DC 

to DC converter to maintain the maximum power condition. During operation the duty cycle, is 

simultaneously changed to obtain the MPP condition at different irradiance as well as temperature under 

variable load condition also. Here, the counter senses the present voltage V (k) and I (k) and compute the 

conductance. Based on the measured conductance the duty cycle changes to reach the MPP based on the 

network conductance indicated in Eqs. (2)–(4). 
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Fig. 5. Incremental Conductance (IC) algorithm for MPPT controller. 

 

2.3. Power generation using wind turbine: 

Wind Turbine (WT) converts the wind energy to the mechanical torque, which rotates the shaft of an 

electrical generator to generate electrical energy. Wind comes from atmospheric changes: changes 

in temperature and pressure makes the air move around the surface of the earth. All of which is triggered by 

the sun. So in a way, wind energy is another form of solar power. A wind turbine captures the wind, which 

then produces a renewable energy source. The wind makes the rotor spin; as the rotor spins, the movement 

of the blades drives a generator that creates energy. The motion of the blades turning is kinetic energy. It is 

this power that we convert into electricity. The power generated by the wind turbine is 

 

   
3)(),(5.0 wpw VCP  
                                       ….(5)

 

where Ρ is air density (kilograms per cubic meter); Vx, wind speed in meters per second; A, blades’ swept 

area; Cp, turbine-rotor power coefficient; λ, tip-speed ratio; β, pitch angle. 

 The maximum power is found using maximum power point tracking algorithm (MPPT) is used to 

capture maximum energy from the fluctuating wind speed. And the tip-speed ratio is defined as 

       


V



                                                                 ….(6)

 

where,   is the angular velocity of rotor [rad/s], R is the rotor radius [m] and V  is the wind speed 

upstream of the rotor
 
[m/s].  

         
Fig. 6. Analytical approximation of Cp (λ,β) characteristics.       Fig. 7. Electrical power generated by the 

turbine as a function of the rotor 

speed for different wind speeds.  

The Cp-λ characteristics, for different values of the pitch angle b, are illustrated in Fig. 6 From the 

characteristic of  Cp-λ it is evident that the maximum value of turbine-rotor-power coefficient (Cp) is 

achieved for β = 0. The profile of the power of the wind turbine is dependents on the turbine speed which is 

shown in Fig. 7. 
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III. ANFIS CONTROLLER: 

An adaptive neuro-fuzzy inference system or adaptive network-based fuzzy inference system (ANFIS) is a 

kind of artificial neural network that is based on Takagi–Sugeno fuzzy inference system. Since it integrates 

both neural networks and fuzzy logic principles, it has potential to capture the benefits of both in a single 

framework. Its inference system corresponds to a set of fuzzy IF–THEN rules that have learning capability 

to approximate nonlinear functions. Hence, ANFIS is considered to be a universal estimator. For using the 

ANFIS in a more efficient and optimal way, one can use the best parameters obtained by genetic algorithm. 

ANFIS Architecture: Representing Takagi-Sugeno Fuzzy Model 

For simplicity, we assume that the fuzzy inference sytem under consideration has two inputs x and y and 

one output z. For a first-order Takagi-Sugeno fuzzy model, a common rule set with two fuzzy if-then rules 

is the following: 

Rule 1: If x is A1 and y is B1, then f1=p1x+q1y+r1; 

Rule 2: If x is A2 and y is B2, then f2=p2x+q2y+r2; 

               
Figure 8(a) illustrates the reasoning mechanism for this Takagi-Sugeno model; the corresponding equivalent 

ANFIS architecture is as shown in Figure 8(b), where nodes of the same layer have similar functions, as 

described next. (Here we denote the output of the ith node in layer l as Ol, i. 

Layer 1 Every node i in this layer is an adaptive node with a node function 

 

where x (or y) is the input to node i and Ai (or Bi-2) is a linguistic label (such as "small" or "large") 

associated with this node. In other words, O1, i is the membership grade of a fuzzy set A ( =A1 , A2 , B1 or 

B2 ) and it specifies the degree to which the given input x (or y) satisfies the quantifier A. 

μA(x)=11+|x−ciai|2b,μA(x)=11+|x−ciai|2b, 

where {ai, bi, ci} is the parameter set. As the values of these parameters change, the bell-shaped function 

varies accordingly, thus exhibiting various forms of membership function for fuzzy set A. Parameters in this 

layer are referred to as premise parameters. 

Layer 2 Every node in this layer is a fixed node labeled ANFIS, whose output is the product of all the 

incoming signals: 

 

Each node output represents the firing strength of a rule. In general, any other T-norm operators that 

perform fuzzy AND can be used as the node function in this layer. 

Layer 3 Every node in this layer is a fixed node labeled N. The ith node calculates the ratio of the ith rule's 

firing strength to the sum of all rules' firing strengths: 
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For convenience, outputs of this layer are called normalized firing strengthes. 

Layer 4 Every node i in this layer is an adaptive node with a node function: 

 

where ANFIS is a normalized firing strength from layer 3 and {pi, qi, ri} is the parameter set of this node. 

Parameters in this layer are referred to as consequent parameters. 

Layer 5 The single node in this layer is a fixed node labeled ANFIS, which computes the overall output as 

the summation of all incoming signals: 

 

Thus we have constructed an adaptive network that is functionally equivalent to a Sugeno fuzzy model.  

 

3.1. Mathematical equation of PMSM

 
 

 
The generator model is implemented entirely in dq-coordinates. It means that there are no AC-states in the 

model. The generator is modelled with DC voltages and currents in a rotor-fixed rotating coordinate system 

which is illustrated in Figure. The equations for the d-axis and q-axis currents are defined  as 
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Fig-9 The dq-coordinate frame of the PMSG. 

 

 The power equation is given by:  
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The first term represents the power loss in the conductors, the second term indicates the time rate of change 

of storing energy in the magnetic fields and the third term express the energy conversion, from electrical 

energy to mechanical energy. From the third term can be express the electromagnetic torque because the 

power output from the motor shaft must be equal to the electromechanical power.  

 sdsqesqsdeeme iwiwTwP  
2

3

                                   ….(10)
 

The relation between the electrical velocity and the mechanical angular velocity of the motor depends on the 

number of pole pairs as presented below 

me pww 
                                                                     ….(11) 
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 The torque is given by     sqsdqdsqme iiLLiPT  
2

3

                         ….(12)
 

In the final expression of the torque, Eq. (12), it can be observed that there are two terms, the first one 

represents the synchronous torque and is produced by the flux of the permanent magnets and the second 

term represents the reluctance torque and represents the torque produced by the difference of the 

inductances in dq reference frame. In the project the motor is surface mounted permanent magnet and in this 

case the inductances in dq reference frame are equal resulting a simpler expression of the electromagnetic 

torque, without the reluctance torque. With the assumption expressed above, the Eq. (14) has the following 

form 
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The mechanical equation of the machine is expressed as a function of the electromagnetic torque (Te), load 

torque (Tl) and electrical velocity of the machine:  
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where J is the moment of inertia and B is the viscous friction. 

 

3.2. Optimal torque control (OTC):  
For different speeds of wind turbine the generated torque is adjusted to its optimal value. If the conditions 

are optimal, based on Eq. (6), the optimum speed of the rotor can be estimated as 
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Combining Eqs. (5) and (15) yields the optimum mechanical power generated by the wind turbine is 
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Also the optimum torque calculated from the Eq. (17) is 
2)( optoptw wkT

opt


                                                            ….(17)
 

Optimal Torque control adjusts the generator torque to its optimal at different wind speeds. However, it 

requires the knowledge of turbine characteristics (Cpmax and opt ). If the conditions are optimal, based on 

Eq. (17), the optimum speed of the rotor can be estimated as: Where Kopt is a constant determined by the 

wind turbine characteristics. 

3.3. Performance of Battery and operation of charge controller: 
The generic model of  rechargeable battery has been used to get the better understanding and to study the  

performance of Battery connected hybrid system. The mathematical representation of charging and 

discharging of the lead acid battery is given by 
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where Vbat represents battery voltage (V), E0 represents battery constant voltage (V), K represents 

polarization constant (V/(Ah)) or polarization resistance (X), Q represents battery capacity (Ah), it 

represents actual battery charge (Ah), A = exponential zone amplitude (V), B = exponential zone time 

constant inverse (Ah)1 , R represents internal resistance (X), i represents battery current (A), i* represents 

filtered current (A).  
For the Off grid distributed system, the charge controller design is less complicated for the 

single power source when compared to hybrid power sources based system. It is necessary to ensure 

required protection of the equipment and continuity of the energy flow. These two requirements are 

provided by the modified version of charge controller has been depicted in Fig. 8 where SPV and WTG are 

acting as a sources of electrical energy. The main problem arrives with the synchronization with the battery 

voltage due to different voltage the delivered energy circulating among the different sources.  
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Hence it is difficult to charge the battery using different energy sources. The solution for the 

problem of synchronization to the battery with two different energy sources in this case is to use two two 

sets of battery bank. The WTG based secondary source has delivered the energy to increase the reliability of 

the power supply system without increasing the size of the battery bank. For the proposed system, there are 

two sources of energy in which the PV array acts as a primary source of energy. The charging and 

discharging of the battery mainly depends on the energy demand by the consumers and the energy generated 

by the sources. In the case of unavailability of solar energy, the battery connected to the primary sources is 

unable to provide energy. Then secondary sources provide the required energy to the consumer. 

 

 
Fig. 10. Configuration of battery management for hybrid power supply system. 

 

In the beginning, the values of the power level of the solar PV, the individual battery bank voltage and the 

SOC of the individual battery bank are measured and compared with a predefined value. In the initial stage, 

if the SOC of the battery and the generated power of the solar PV (SPV) is more than the reference value 

only switch S2 is ON and the battery bank 1 is connected to the load and the primary energy sources. If the 

generated energy by the SPV is less than the predefined value the switch S3 and S4 are ON and the battery 

bank 2 is connected to the load. Here also the energy supplied by the secondary energy source (WTG) to the 

battery is maintained the charging, discharging or in floating condition based on the supplied energy from 

the source to the battery bank 2 and the energy consumed by the load. In the worst condition whenever both 

of the individual sources are unavailable to provide adequate energy to the battery bank the SOC of the 

battery individually checked and if the SOC is low compared to the predefined value the battery voltage has 

also been checked. As the battery bank voltage is directly linked with SOC for minimum SOC condition the 

voltage of the individual battery bank is very low both of the battery banks are connected in series by 

switching on S1 and S4. If the SOC of the batteries is further reduced the battery bank is unable to maintain 

the required voltage and in that condition all the switches are in OFF condition and the load is thrown off. 

Here, during operation the charge controller maintains the hybrid system in a single source power supply 

system where either battery bank 1 or battery bank 2 is in operation. As the primary or the secondary 

sources of energy are always connected to the battery bank the generated energy is always transferred to the 

battery bank during standby condition also. 

 

3.4. Boost converter: 
In this chopper, the output voltage is always greater than input voltage and supplied to the inverter. Here 

also a switch is used, which is connected in parallel with the load. The stable high voltage obtained by the 

ANFIS controlled boost converter increase the stability of the generated voltage of the inverter unit. The 

output voltage obtained by the boost converter is 

                                              











D
VV inout

1

1

                                         ….(19)

 

here, Vin is the input voltage of the Boost converter, Vout is the output voltage of the Boost converter, ia is 

the average current at the load end, T is the cycle time period (T = 1/fs), fs is the switching frequency, L is 

the selected inductor value, D is the Duty cycle. 
3.5. Three phase inverters: The inverter is a device which converts DC to AC with the desired frequency. 

A three phase bridge type Voltage source inverter (VSI) converts generated DC into three phase AC. The 

three legs of the inverter circuit consist of two MOSFET switch operated by specially designed PWM 

signals. The Switches simultaneously ON and OFF using desired pulses obtained from pulse width 
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modulation technique to generate balanced three phase output voltages to supply a three phase load. The 

PWM technique consists of three sinusoidal modulating signals with appropriate 120° phase shift, generated 

by the vector control circuit is compared with high frequency triangular carrier signal and generates the 

required pulses for switching operation. The line-to-line RMS voltage at the fundamental frequency, due to 

120° phase the displacement between phase voltages can be written as 








 

















6
cos

22
phV

                                             ….(20)

 

 
Fig. 11. Block diagram for ANFIS voltage regulator. 

where Vph is the obtained phase voltage at the terminals, and Vdc is the input voltage of the inverter. The 

PID control PWM technique is utilized to generate desired pulses for the inverter. 

 

IV. RESULT AND DISCUSSION:  
The photovoltaic system has been used as the primary source for the generation of electrical energy. This 

energy varies for different irradiance of the sun. To get the reliable operation and to maximize the generated 

voltage, a number of solar cells are connected in series along with the battery bank. The WECS is  attached to 

the system as a secondary source of energy by which the generated energy increase without increasing the 

capacity of the battery banks. The generated electricity from the PV and the Wind are then connected to a 

battery unit which individually uses a charge controller, which maintains the charging, discharging and 

floating condition and also provides protection of the battery bank. To increase the voltage of the battery a 

ANFIS controlled boost converter is attached to the system.  
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Fig. 12. Generated (a) voltage (b) current (c) power profile of the PV array under variable irradiance of the Sun.                      

Fig. 13. Instantaneous (a) voltage (b) current profile of the PMSG connected with WT                                                                     

 

Figure.12 represents the voltage, current and power profiles for different irradiance of the sun. In the 

initial stage, the generated values are less because of the slow performance of IC based MPPT controller. The 

controller takes around 1.6 Sec to reach the maximum power around 10 kW due to 0.698 kW/m2 solar 

irradiance. At 2.52 Sec the irradiance changes to the 0.928kW/m2 and the PV array generates 13.9 kW. After 

4.52 Sec the irradiance changes to 0.378 kW/m2 and the PV array generates 5.8 kW electricity. Figure.13 

represents the voltage and current profile of PMSG. The voltage almost remains constant but the current 

changes due to the change in wind speed. 

 

 
Fig.14.The rectified (a) voltage (b) current (c) power profile of the PMSG connected with WT.  

 

The generated energy of PMSG is supplied to 3-phase rectifier which coverts A.C to D.C, Figure represents 

the voltage, current and power profiles of the rectified output. 
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                                            Fig.15.Harmonic spectrum of load voltage. 
            

 
Fig.16.Harmonic spectrum of load current 

Figure.15 & Figure.16 represents the harmonic spectrum of Load voltage and Load current using ANFIS 

Controller. 
 

V. CONCLUSION: 

In this Proposed a standalone hybrid power system using solar and wind energy is successfully 

modeled. Both the MPPT controller performance is satisfactory under variable irradiance and wind speed and 

maintains maximum power from the energy sources. The converter and the inverter unit has successfully 

maintains the power quality as per the standard. The charge controller for the hybrid power management 

performance is satisfactory. The hybrid battery management system maintains the energy flow to the load 

using different switches connected with the system. The different battery system maximizes the energy intake 

from the renewable energy sources and maintains reliable power to the consumer with the minimum battery 

capacity. 

                          Controller                                                        PI Controller             ANFIS 
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