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Abstract: One of the most consistent and reliable renewable energy resources among the power generations is 
the Wind Energy. In India, the total installed capacity of wind power generation  capacity goes around 14,000 

MW per year according to ministry of new and renewable energy, India and total installed capacity of wind 

energy is estimated to be more than 160 GW [WWEA] all around the world. TamilNadu has an installation of 

wind energy around 6,696 MW, which is 41 per cent that of the country. 

This paper presents an advanced prediction system that integrates models based on fuzzy-neural 

networks. The main objective of this paper is to fully control the wind turbine system with induction generator to 

maximize the power generation. The output power of a wind turbine is calculated. The system has been 

optimized for operating around 15 m/s, and though the wind power continues to increase above this point. 

The advanced method is to introduce the new ability of estimating variable speed control. The neuro 

fuzzy controller makes the wind turbine speed to be tuned fine until it gets the error free output which the user 

need.  In this paper, neural networks based controller is used in a narrative approach to solve the problem of 
tuning a fuzzy logic controller. The membership function of neuro fuzzy logic follows the neural network 

learning techniques to tune the membership function. 

By 2030, wind energy will be the most cost-efficient energy resources on the market. On the other 

hand, with the growing demand for green electricity worldwide today, the turbine costs raises rapidly. Also the     

competition for supplying ever green power to the grid, the wind farm operators have to improve their existing 

power output. In this, we predict the extraction of power through controller based techniques. The scope 

includes the simulation study, implementation of Neuro-fuzzy logic controller using MATLAB simulator. 

Keywords: Wind energy, Neuro-Fuzzy Logic, Variable speed induction generator, DFIG, Pitch control.  

I. Introduction 
The aim of neuro- fuzzy controller is to establish maximum power delivery to the grid from available 

wind power. Nowadays doubly fed induction generator system (DFIG) is used to control the excitation level and 

generator torque. In order to extract the maximum power optimization, the variation of the wind speed is 

controlled by the pitch angle of the wind turbine. The effectiveness of the proposed neuro fuzzy controllers are 

verified under the MATLAB simulation. 

In this paper we present a neuro fuzzy controlled maximum power point tracking system suitable for 

the induction generator operating at variable speeds. The effectiveness of the proposed control scheme is 

validated through computer simulations under varying wind speeds. 

Using neuro fuzzy control, we can produce controller outputs more reliable because the effect of other 

parameters such as noise and events due to wide range of control region and online changing of the controller 

parameters can be considered [1]. More over without the need of a detailed mathematical model of the system 
and just using the knowledge of the total operation and behavior of system, tuning of parameters can be done 

more easily [1]. 

The aim of the project is to control the maximum wind generation system and maximum efficiency 

optimization approach. The wind generation system is highly non-linear process since it is involved power 

electronic equipment. So the non-linear controller is necessary for controlling non-linear process. So we are 

using intelligent controller.  

The combination of fuzzy system and neural network allows the increase computational efficiency of 

the software products. Neuro-fuzzy system combines the learning capabilities of neural networks with the 

linguistic rule interpretation of fuzzy inference systems [13]. In the paper neuro-fuzzy structure is applied to 

solve electricity consumption prediction problem. 
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1.1. Neuro Fuzzy Controller 

A block diagram of the neuro fuzzy-controlled wind-powered generating system is shown in Fig. 1.1 it 

is assumed that the turbine blades have a fixed pitch angle. Fuzzy control system is used to generate the speed to 

extract the optimum power generation. The proposed fuzzy controller generates the optimum speed command, 

which is used to regulate the input current of the AC to DC converter. The output is inverted at fixed frequency. 

 

 
Figure 1.1:  Neuro Fuzzy Controller 

1.2 Pitch Control 

To produce a maximum energy, the blade angle must be tuned with wind straightforward using pitch 

angle control of wind turbine blades. It is worth noticing that we can use this characteristic in abnormal 

conditions such as grid faults to protect generator from over speeding. In two different cases, an increasing rotor 

speed may be occurred; a wind speed as input power and an abnormal case due to a fault existence. These must 
be distinguished first, before a control takes place. When the output terminal voltage falls under 0.9 p.u and the 

rotor speed is increased, it means a fault is happened. 

Linearized system equations 

If the system equations are linear (or have been Linearized), the techniques of linear system analysis 

are used to study dynamic behavior. The most common method is to simulate each component by its transfer 

function. The various transfer function blocks are connected to represent the system under study. The system 

performance may then be analyzed by such methods as root-locus plots, frequency domain analysis (Nyquist 

criteria), and Routh's criterion. 

ANFIS structure for blade pitch angle control of VSWPGS is given in Figure below. 

 

 
Figure 1.2: ANFIS Structure 

1.3 Doubly fed Induction Generator 

A doubly fed induction generator is coupled to the grid through power electronic converter connected 

between the rotor windings of DFIG and the grid. The voltage drop at the terminals results in large, oscillatory 

currents in the stator winding of DFIG. Because of magnetic coupling between stator and rotor winding, these 

currents will also flow through the converter and high current can cause its thermal breakdown. 

Whenever the fault occurs, the rotor winding are short circuited by a set of resistors. This short circuit 
current will flow through this crow bar instead of the converter. In this paper, we analyze the behavior of a crow 

bar protected DFIG. Based upon this, approximate equations are derived to determine the short circuit current 

contribution of the wind turbine.  

To construct a variable speed constant frequency system, an induction generator is considered attractive 

due to its flexible rotor speed characteristic with respect to the constant stator frequency [11].  One of the 

solutions is to expand the speed range and reduce the slip power losses simultaneously.  DFIG is to doubly 

excite the stator and rotor windings. The power converters generate the majority of the slip power in the rotor 

circuit. 
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Figure 1.3: Doubly Fed Induction Generator in a Wind Turbine model (DFIG). 

II.  Back Propagation Learning Algorithm 
Based on this algorithm, the networks learns a distributed associative map between the input and output 

layers. The BPL Algorithm makes this process to calculate the weights during the learning phase of the network.  

Normally it is difficult to calculate the weights within multilayer perceptions. The weights in the hidden layers 

are calculated in an efficient way, which results in least (zero) output error. The weights are updated by 
calculating the error output generated during the process. At the output layer the error can be measured to the 

expected target output. However at the hidden layers, there is no any direct observation method for calculating 

the error output generated. Hence we require special technique for calculating the error, which is our ultimate 

goal. 

 

Figure 2.1: Neuro-model 

For a given input – output pair (xk’, dk’) the back – propagation algorithm performs two phase of data 

flow.  First, the input pattern ax’ is propagated from the input layer to the output layer. Finally it produces an 

actual output yk.  

III. Proposed Simulation Model Of Wind Turbine 
In this wind power production system, variations in frequency, output voltage and drawn power curves 

of the system are obtained individually by means of the simulation study without any controller element. 

Different power demands of consumers are expressed as 250 kW, 500 and 600 kW. The controller element is 
put into operation depending on variations in electrical magnitudes of the wind power production system in such 

loading situations. Amplitude of the voltage obtained from the system must be within permitted limits whatever 

the electric energy production system is used. It is known that frequency of the system in other important 

magnitude is 60Hz in Turkey operating conditions. Now the system frequency in electric energy production 

stations is tried to be kept in 50Hz value. To obtain high quality power, the magnitude values of frequency and 

voltage must be kept in the desired range. The quality of obtained power may be brought to desired level by 

decreasing the undesired harmonic currents and voltages to minimum level. By considering the situation the 

wind power production system will operate with the network, the frequency and voltage value is adjusted 

according to the frequency and voltage values of the network. 

. Induction Generator 

Parameter    Unit 

Stator Resistance   R1  0.0045 Ω 

Stator Leakage Reactance  X1  0.0513 Ω 

Magnetizing Reactance  Xh  2.2633 Ω 

Rotor Reactance (referred to Stator)  X’2 0.066 Ω 

Rotor Resistance (referred to Stator) R’20.004 Ω 

Magnetizing Resistance  Rfe 83.3 Ω 

Table 1. Induction generator parameters 
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A 3-phase doubly induction generator with a nominal power of 1.66MVA, 575V (φ-φ), 60 HZ is used 

for the power optimization system. The above table shows the parameters and unit values which is operated in 

the induction generator. 

 

IV. Experimental Setup And Results 

4.1. Wind and Wind Turbine Model 

This block implements a variable pitch wind turbine model. The performance co-efficient Cp of the 

turbine is the mechanical output power of the turbine divided with power and a function of wind speed, 

rotational speed and pitch angle. Cp reaches the maximum value of zero beta. This result in the torque applied to 

the induction generator shaft for per unit of the generator ratings. The turbine inertia must be added to the 

generator inertia. 

 

 
Figure 4.1: Wind Turbine Model. 

In the block diagram of the wind power production system given in Figure 4.1, the output of the wind 

speed model is defined as the kinetic energy or speed of wind. The wind speed is converted to mechanic power 

or moment by the wind turbine model. The obtained mechanic power or moment is the first input of the 

mechanic system (of drive system). The other second input of the mechanic system is the proportional speed of 

the asynchronous generator. Inputs of the asynchronous generator are: mechanical energy obtained from the 

wind turbine, voltage and frequency magnitudes at ends of the network or load.  

 

 
Figure 4.2 : Membership Function 

 

Outputs of the asynchronous generator are the active and reactive power values required for the 

network or load. In the wind power production systems that operate in isolated manner from electric networks, 

voltage and frequency of the asynchronous generator can be expressed as output magnitudes. 

 

 
Figure 4.3:  Neuro Fuzzy Architectural Design 
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Figure 4.4: Measured Current & Voltage in Matlab simulation 

 

V. Conclusion 
In this work, a neuro fuzzy control scheme for extracting maximum power from a variable speed wind 

turbine has been presented. It has been shown that the turbine power output depends nonlinearly on its angular 

speed and the wind speed. Neuro-Fuzzy control is well suited for searching the optimum speed at which the 

turbine should operate under varying wind conditions. The performance of the proposed scheme has been 

simulated under abrupt changes in wind. It has been shown that the Neuro-fuzzy controller adjusts the angular 

speed so that the turbine power coefficient converges to its maximum value in the steady state. The 

methodology used was simple and show step by step all the adjustments and calculations necessary for a 
satisfactory operation of the system.  

For terminal voltage and frequency control of the variable speed wind power generation system, 

ANFIS is designed and is used in simulation block diagram of VSWPGS under the Matlab/Simulink program. 

To obtain in high quality power from the wind power generation system (VSWPGS), the effective value of 

output voltage must be at 400 volt and frequency in 50 Hz operational limit values. For this purpose, power 

limitation or speed control of the variable speed wind turbine is performed by means of controlling of turbine 

blade pitch angle. For controlling of blade pitch angle, the conventional neuro-fuzzy controller is used 

separately. 

As a result of controlling of the wind turbine blade pitch angle, it is determined from the simulation 

results that the output electrical magnitudes of VSWPGS (voltage, current, frequency and power) reach to 

desirable values within 1.5 seconds. When the simulation results are examined, it is observed that continuous 
situation error is close to zero in continuous operation. However, as the load of consumers fed from VSWPGS 

differs in every hour of a day, coefficients of the conventional controller must be readjusted depending on 

changing load situations. For this reason, in case of changing consumer load situations, the turbine blade pitch 

angle is adaptively adjusted to keep the terminal voltage and frequency within permitted tolerance values. 

When simulation curves of electrical output magnitudes obtained as a result of controlling of blade 

pitch angle of VSWPGS with ANFIS are examined, it is seen that operational performance of the system is 

within a very good value. Meanwhile, no problem about compatibility of ANFIS with VSWPGS has been 

experienced. 
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