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Abstract— Wind energy generation provides one of the best and economical solution to the growing power demand. Doubly Fed 

induction generator is one of the most important variable speed wind generators. Integrating advanced controllers improves its 

performance and efficiency. The purpose of this research work is to optimize the wind energy conversion and efficient wind power 

extraction by controlling rotor current. Four controllers that are PI, Fuzzy, Hybrid Fuzzy-PI and Neural network based Adaptive 

Neuro Fuzzy controller are designed and implemented on DFIG. Controllers’ performance is assessed in terms of transients in rotor 

current i.e., percentage overshoot, settling time and steady state error under varying wind speed operation. Comparison of the results 

demonstrates that Adaptive Neuro Fuzzy controller outperforms as compared to that of Hybrid Fuzzy-PI, Fuzzy and conventional 

PI regarding transient response and maximum power extraction efficiency. 

Index Terms--ANFIS controller, Doubly fed induction generator (DFIG), Hybrid Fuzzy-PI controller, Transients,  Rotor current.

 

I. INTRODUCTION 

The demand of electricity is increasing day by day 
globally due to very fast growing population, economic and 
industrial growth. Environmental constraints also prohibit the 
use of fossil fuels and other conventional power generation 
methods. Wind power generation provides one of the best 
clean solution to this growing power demand due to its low 
cost per watt as compared to the fossil fuels, and other power 
generation schemes without producing any greenhouse gas 
and CO2 [1] 

 Initially wind power generation industry was based on 
fixed speed wind turbines which comprised of an 
asynchronous squirrel-cage induction generator with 
multistage gearbox that are driven by wind turbine. It has 
simplicity of structure and manufacturing but disadvantages 
of reactive power consumption, no support to grid fault 
stability and higher mechanical stresses on the wind turbine 
[2]. Integration of variable wind power generation to grid 
affects power system operation and stability due to harmonics 
and flickers in the voltage, current and power. A variable 
speed wind generator, doubly fed induction generator (DFIG) 
works  in wide variation range of wind speed. DFIG consists 
of a wound rotor induction generator. DFIG operation 
depends upon the wind speed. During lower wind speed, rotor 
will draw power from the grid, while in case of high wind 
speed, rotor delivers power to the grid station. DFIG are 
becoming popular because of their ease to implement advance 
features for grid integration. Soft starter in DFIG provides the 
grid fault through handling capability [3]. The dynamic 
features of DFIG mainly depends upon stator flux, rotor 
current and stator current. As these three parameters of DFIG  
are non-linear, hence increase the overall complexity of the 
system. One of the main parameter of DFIG is rotor current to 
be controlled because the output current of the wind turbine 

has greater overshoot, very large settling time and steady state 
error. These transients reduce the output power efficiency and 
affect the system stability [4].  

 There are many control strategies being studied in the 
literature to control the different parameters of DFIG.  In [5], 
DFIG dynamics are improved by implementing multi-variable 
state feedback current controller with the feed-forward 
component. In another work, Model Predictive Control 
(MPC) approach is presented for tracking reference current of 
rotor by deriving reference voltage [6]. Results give both 
balanced and sinusoidal rotor currents in the balanced and 
unbalanced network. In [7], there is study of the features of 
Wind Energy Conversion System (WECS) with DFIG that are 
tracking and the robustness of three controllers i.e. PI, Fuzzy-
PI, and sliding mode control (SMC) techniques are compared. 
In [8], fuzzy PI controller technique is presented that works 
for the control of active as well as reactive powers of WECS 
with DFIG. Results shows that by using the proposed fuzzy PI 
controller, dynamic response improved that have almost zero 
over-shoot, short settling times, and a zero steady-state error. 
In [9], DFIG current control techniques are presented for 
regulating power transmission between machines and grid. A 
comparison is made between the conventional PI, and Fuzzy 
Logic Controller (FLC) controllers with respect to the 
tracking, and rejection of speed disturbances. A lot of work 
has been done in the literature on neural networking based 
control for the DFIG based wind turbine [10-13]. Neural 
network based control technique for control of reactive power 
of DFIG for damping oscillations of wind system due to 
ground fault of power grid is proposed in [14]. Neural 
networks and the fuzzy-logic controls are implemented for 
controlling transfer of power between machines and grid [15]. 
To control the active and reactive power of a DFIG neural 
network-based control scheme is proposed in [16]. Results are 
also compared between PI controller and neural network-
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based techniques which shows that the dynamic parameters 
can be improved by neural network-based controller.  

In this paper the impact of PI, Fuzzy, Hybrid Fuzzy-PI 
(combination of both Fuzzy and PI) and Neural network based 
Adaptive Neuro Fuzzy Inference System (ANFIS) controller 
on rotor current control in terms of percentage overshoot 
(%O.S ), steady state error (SSE) and settling time 𝜏𝑠 is going 
to be analyzed. A PI Controller is designed initially that 
controls the SSE of the system, but system shows larger 
overshoot and settling time. If we implement only Fuzzy 
Logic Controller (FLC) controller, it reduces the system 
overshoot and settling time, but SSE increases more than that 
of PI controller results. So, a Hybrid Fuzzy-PI controller can 
make the SSE negligible, reduces overshoot and settling time 
very small. Implementing a neural network based ANFIS 
controller improves the transient response more than the 
results achieved by three stage Hybrid Fuzzy-PI controller and 
gives more accurate results.  

II. WIND TURBINE AND DFIG MODELLING 

In a wind power generation system, kinetic energy of the 

wind is converted to mechanical energy on the turbine blades. 

This mechanical energy then drives the generator rotor that 

converts mechanical energy into electrical energy and finally 

fed to the grid. The configuration of wind power generation 

system consists of the turbine, gearbox, generator, power 

convertors and transformers [17]. Modelling of different 

components of DFIG based wind turbine can be demonstrated 

as follows: 

A. Wind Model 

In order to increase the overall efficiency and stability of 
the wind energy conversion system (WECS) quasi-steady 
mean wind speed plays key role. The data of wind for a 
specific location is collected for many years and analyzed. By 
Weibull distribution, wind power can be expressed as follows 
[18]: 
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Where ‘𝑐’ is the scale factor and ‘𝑘’ the shape factor. ‘𝑣𝑖𝑛’ 
is the instantaneous velocity of wind. By Weibull distribution, 
mean and average wind speed can be approximated as 5.5 m/s 
and 7 m/s respectively [19]. The wind kinetic energy and 
airflow power can be determined as follows [20]: 

 𝐸𝑘 = 0.5 𝜌𝑣2 
 

2 

 𝑃𝑣 = 0.5 𝜌𝐴𝑣3 
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Where ‘𝜌’ and ‘𝑣’ are the density and speed of air, and ‘𝐴’ 
represent the area of airflow. Where wind speed 𝑣  is the 
algebraic sum of four components [21]: average wind speed 
𝑣𝑎𝑣 , gust 𝑣𝑔 , ramp 𝑣𝑟 , and turbulence component 𝑣𝑡 Hence: 

 𝑣 =  𝑣𝑎𝑣 + 𝑣𝑟 + 𝑣𝑔 + 𝑣𝑡 4 

B. Turbine Aerodynamic Model 

At lower wind speed and maximum aerodynamic 
efficiency, as wind speed increases rotor speed also increases. 
At higher wind speed rotor speed becomes constant at rated 
speed [22]. This behavior can be characterized by 𝐶𝑝−𝜆−𝜃 

curve. Where ‘λ’ represents tip speed ratio and ‘θ’ the pitch 

angle, and power coefficient  𝐶𝑝  is the function of these two. 

Where λ can be expressed as follows [23]:  

 𝜆 =  
𝜔𝑡

𝑣
 𝑅 
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Here ‘𝜔𝑡’ is rotational speed of the turbine, ‘𝑣’ is the wind 
speed given by equation (4) and 𝑅 is the blade length. The 
coefficient 𝐶𝑝 can be given as: 

 
𝐶𝑝(𝜆, 𝜃) = 0.773(

151

𝜆
− 0.58 𝜃 − 0.002 𝜃2.14

− 13.2)(𝑒
−18.4

𝜆 ) 
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Given the coefficient 𝐶𝑝, the output wind turbine power 

extracted from the wind:  

 𝑃𝑤𝑡 = 0.5𝜌𝐴𝑣3𝐶𝑝(𝜆, 𝜃) 
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The aerodynamic torque of the wind turbine: 

 
𝜏𝑤𝑡 =  

𝑅

2𝜆
𝜌𝐴𝑣2𝐶𝑝(𝜆, 𝜃) 
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C. Mechanical Shaft Model 

Wind turbine rotational speed can be determined by 

mechanical layout. The simplified two mass drive train model 

used for the determining the relationship between torque and 

rotational speed is shown in Fig. 1. ‘𝜏𝑠ℎ𝑎𝑓𝑡’ represents the 

torque of the turbine in fast speed shaft while ‘𝜏𝑒’ represents 

electrical torque of the generator. Similarly, ‘𝜔𝜏’ represents 

fast speed shaft rotational speed while ‘𝜔𝑚𝑒𝑐 ’ represents 

mechanical rotating speed of generator. If turbine toque is 

expressed as  ‘𝜏𝑇’ and angular speed as ‘𝜔𝑇’, we have the 

following relationship [24]: 

 

 𝜏𝑠ℎ𝑎𝑓𝑡 =
𝜏𝑇 

𝑁
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 𝜔𝜏 = 𝑁 𝜔𝑇  
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𝐽𝜏

𝑑𝜔𝜏

𝑑𝑡
=  𝜏𝑠ℎ𝑎𝑓𝑡 −  𝐷𝜏𝜔𝜏 − 𝜏𝑒 
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𝐽𝑒

𝑑𝜔𝑚𝑒𝑐

𝑑𝑡
=  𝜏𝑒 − 𝐷𝑒𝜔𝑚𝑒𝑐 +  𝜏𝑠ℎ𝑎𝑓𝑡  

12 

 𝑑𝜏𝑒

𝑑𝑡
= 𝑘 (𝜔𝜏 − 𝜔𝑚𝑒𝑐) + 𝐷 ( 

𝑑𝜔𝜏

𝑑𝑡
− 

𝑑𝜔𝑚𝑒𝑐

𝑑𝑡
) 
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Here ‘𝐽𝜏’ and ‘𝐽𝑒’ represents the inertia of turbine shaft and 

generator shaft of the respectively. 𝐷𝜏  represents the 

aerodynamic resistance of wind blades, 𝐷𝑒  represents the 

friction and windage losses and 𝐷 is the damping co-efficient 

that occurs due to difference between the turbine shaft and generator 

rotor. 

D. Gearbox Model 

For a single stage gearbox system usually a gear ratio of 6 is 

chosen. However, a higher gear ratio is suggested. It is 

economical to use higher gear ratio gear box for more stages. 

1% of the rated power loss for a single stage gearbox is 
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reasonable. The power losses in the gear box are 

mathematically expressed as follows [25]: 

 

 𝑃𝑔 = 𝑃𝑔𝑙

𝑛

𝑛𝑟𝑎𝑡𝑒𝑑
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Here 𝑃𝑔𝑙  represents the losses at rated speed. 𝑛 represents the 

mechanical speed of the generator in (rev/min). 

E. Generator Model 

In this research a 2.0MW wound rotor induction generator is 

selected. If stator and rotor resistances are represented by 𝑟𝑠 

and 𝑟𝑟  and stator and rotor flux in abc reference frame are 

represented by 𝜆𝑎𝑏𝑐𝑠 and 𝜆𝑎𝑏𝑐𝑟  The 3-phase stator and rotor 

voltage equations in 𝑎, 𝑏, 𝑐 frame can be expressed as [26] : 

 

 𝑣𝑎𝑏𝑐𝑠 = 𝑟𝑠𝑖𝑎𝑏𝑐𝑠 + 𝑝 𝜆𝑎𝑏𝑐𝑠 
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 𝑣𝑎𝑏𝑐𝑟 = 𝑟𝑟𝑖𝑎𝑏𝑐𝑟 + 𝑝 𝜆𝑎𝑏𝑐𝑟  
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Rotor and stator voltages into d-q reference frame [26] : 
 

𝑣𝑞𝑠 =  𝐿𝑠  
𝑑𝑖𝑞𝑠

𝑑𝑡
+ 𝑀 

𝑑𝑖𝑞𝑟

𝑑𝑡
+  𝐿𝑠𝜔𝑠𝑖𝑑𝑠 + 𝑟𝑠𝑖𝑞𝑠 + 𝑀 𝜔𝑠𝑖𝑟𝑑 
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𝑣𝑑𝑠 =  𝐿𝑠  

𝑑𝑖𝑑𝑠

𝑑𝑡
+ 𝑀 

𝑑𝑖𝑑𝑟

𝑑𝑡
−  𝐿𝑠𝜔𝑠𝑖𝑞𝑠 +  𝑟𝑠𝑖𝑑𝑠 + 𝑀 𝜔𝑠𝑖𝑟𝑞 
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 𝑣𝑞𝑟 = 𝑀 
𝑑𝑖𝑞𝑠

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑞𝑟

𝑑𝑡
+ 𝑠𝜔𝑠(𝑀𝑖𝑑𝑠 +  𝐿𝑟𝑖𝑑𝑟) +  𝑟𝑟𝑖𝑞𝑟 
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𝑣𝑑𝑟 = 𝑀 

𝑑𝑖𝑑𝑠

𝑑𝑡
+ 𝐿𝑟

𝑑𝑖𝑑𝑟

𝑑𝑡
− 𝑠𝜔𝑠(𝑀𝑖𝑞𝑠 +  𝐿𝑠𝑖𝑞𝑟) −  𝑟𝑟𝑖𝑑𝑟 
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where 𝜔𝑠 in Fig. 1, represents the normal grid frequency and 

s is the slip. 𝐿𝑠  and 𝐿𝑟  represents the stator and rotor 

inductance and 𝑀 represents the mutual inductance. The per 

unit electromagnetic torque can be given as follows: 

 𝑇𝑒 =  𝐿𝑚(𝑖𝑞𝑠 𝑖𝑑𝑟 − 𝑖𝑑𝑠 𝑖𝑑𝑟) 
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Active and reactive power losses of DFIG based wind turbine 

can be determined as follows: 

 
𝑃𝑠 =  

3

2
(𝑣𝑑𝑠  𝑖𝑑𝑠 +  𝑣𝑞𝑠 𝑖𝑞𝑠) 
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𝑄𝑠 =  

3

2
(𝑣𝑞𝑠 𝑖𝑑𝑠 − 𝑣𝑑𝑠  𝑖𝑞𝑠) 
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𝑃𝑟 =  

3

2
(𝑣𝑑𝑟  𝑖𝑑𝑟 + 𝑣𝑞𝑟 𝑖𝑞𝑟) 
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𝑄𝑟 =  

3

2
(𝑣𝑞𝑟  𝑖𝑑𝑟 −  𝑣𝑑𝑟  𝑖𝑞𝑟) 
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III. CONTROL SYSTEM DESIGN AND IMPLEMENTATION 

One of the prime objective of the designed controller is to 
improve the efficiency of the wind power generating system. 
Block diagram representation of the proposed system is drawn 
in Fig. 2. Here controller represents the proposed controllers 
to be implemented. First of all, PI and Fuzzy logic controller 
are to be designed to meet the performance requirements. 
Then a hybrid of Fuzzy and PI is implemented. Finally, an 
ANFIS controller is to be designed and compared results with 
Hybrid Fuzzy-PI. Controllers are to be designed on 
MATLAB/SIMULINK at sampling frequency of 10 KHz. 
There is always an lower and upper limit for which wind 
turbine can work known as sub-synchronous and super 
synchronous mode. For wind speed more than the super 
synchronous mode pitch control is to be encompassed. 
Different parameters and specifications used in simulation for 
DFIG based wind turbine are given in Table 1. Aerodynamic 
torque can be expressed from (8) by substituting 𝐴 = 𝜋𝑅2and 
𝑣 from (5) [27]: 

 
𝜏𝑤𝑡 =  

1

2
 𝜌𝜋𝜔𝑚

2 (
𝑅5

𝜆3
𝑜𝑝𝑡

) 𝐶𝑝,𝑚𝑎𝑥  
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Where the optimal values selected in this design for 𝜆𝑜𝑝𝑡 

and 𝐶𝑝,𝑚𝑎𝑥 are 0.44 and 7.2 respectively. The electromagnetic 

torque can be given as: 

 𝜏𝑒 =
−𝜏𝜔𝑇

𝑁3⁄   27 

 Here N represents the gearbox ratio. From the equation it 
is clear that the electromagnetic torque is directly 
proportional to the 𝜏𝑤𝑡 and inversely proportion to that of 
gearbox ratio.  

Rotor voltages can be expressed in the d-q reference frame 
as given in eq (28) – (29) while considering stator flux zero as 
follows [28]: 

 𝑣𝑑𝑟 =  𝑅𝑟𝑖𝑑𝑟 + 𝜎𝐿𝑟
𝑑𝑖𝑑𝑟

𝑑𝑡
−𝜔𝑟𝜎𝐿𝑟𝑖𝑞𝑟 +

𝐿𝑚

𝐿𝑠
 
𝑑|𝜑|

𝑑𝑡
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 𝑣𝑞𝑟 =  𝑅𝑟𝑖𝑞𝑟 + 𝜎𝐿𝑟
𝑑𝑖𝑞𝑟

𝑑𝑡
+ 𝜔𝑟𝜎𝐿𝑟𝑖𝑑𝑟 + 𝜔𝑟

𝐿𝑚

𝐿𝑠
 |𝜑|  
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Wind turbine system cannot be integrated with the grid until 

it does not meet the grid requirements. Else system will 

become unstable that will cause imbalance of active and 

reactive power due to which larger voltage drop will occur. 

Instability might cause a complete blackout of power system. 

Wind turbines usually supply variable power to grid system 

depending upon the wind speed. During normal wind speed, 

wind farm becomes a generator supplying active power to the 

grid system. While in case of very low wind speed or very 

high wind speed wind turbines are disconnected from the grid 

and kept in idle mode until wind speed becomes normal. 

 

𝜏𝑠ℎ𝑎𝑓𝑡 

𝐽𝜏  𝐽𝑒 
𝜏𝑒 

K 

D 

𝐷𝜏 𝐷𝑒 

𝜔𝜏 

𝜔𝑚𝑒𝑐ℎ

FIGURE 1: Two mass drive train model 

FIGURE 2: Block diagram representation. 

Controller DFIG 
_ 

Y U 
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Table I: Simulated Model Parameters 

Parameter Name Value 

Rated speed (n) 1500 rpm 

Stator voltage (Vs) 690V 

Rated rotor voltage 2070 V 

Stator rated current (Is) 1.8 A 

Generator Rated Power 2.0 MW 

Rated electromagnetic Torque 
(𝜏𝑒) 

12732 N.m 

Turn ratio (U) 1/3 

Stator frequency (f) 50 Hz 

Rotor Resistance 2.9 mΩ 

Maximum Slip (Smax) 1/3 

Stator and Rotor Inductance 2.6 mH 

Magnetizing Inductance (Lm) 2.5 mH 

Leakage Inductance (Ll) 0.087 mH 

Stator resistance 2.6 mΩ 

No. of Poles 2 

DC Bus voltage 325 V 

 

A. PI Controller Design and Implementation 

Two PI controller are to be designed to control two current 

components d and q axis rotor currents by trial-and-error 

method and optimized by Ziegler-Nichols tuning method to 

get maximum power output. The optimum controller gain 

that gives maximum power extraction are 𝑘𝑝 =0.5 and 

𝑘𝑖 =500. Simulation results for PI controller with average 

wind speed of 8m/s controller are shown in Fig. 3. At a 

specific rotor speed (say 143 rad/sec) torque is 5390 N.m and 

rotor current is 1285A from steady state simulations. After 

implementing PI controller torque is near around the steady 

state value at speed of 143 rad/sec. Hence system is verified. 

Here we set 𝑖𝑑 = 0  to get perfect control of 𝑖𝑞  which 

represents the rotor current. It can be observed from Table 2 

that the PI controller has minimizes the SSE to 0.014 seconds 

and 0.016 seconds for 𝑖𝑞 and 𝑖𝑑  respectively but overshoot 

and settling time are quite high. So, there is need to 

implement an efficient controller that can enhance the 

transients in rotor current to get maximum power output. As 

settling time of rotor current components is more than 5 

seconds, simulations are performed for 10 seconds. 

B. Fuzzy Logic Controller Design and Implementation 

In large scale systems Fuzzy logic controller is considered to 

be one of the effective controllers. In electronic system it has 

large number of application to enhance the transients in 

system output response [5]. In this design two separate Fuzzy 

controllers are used for the fuzzification of rotor current 

components 𝑖𝑞𝑟  and 𝑖𝑑𝑟 . 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 3: Simulation results with implementation of PI controller 

Simulation results after implementing the Fuzzy controller are 
shown in Fig. 4. From the simulation results it can be observed 
that overshoot has been reduced to a great extent that is 322 
for 𝑖𝑑and 536 for 𝑖𝑞 . Also settling time has been reduced to 

6.8 seconds and 1.97 seconds for 𝑖𝑑 and 𝑖𝑞  respectively. 

However, it increases the SSE more than that of PI controller. 
SSE with Fuzzy controller is 0.81 and 0.58 for 𝑖𝑑 and 𝑖𝑞  

respectively.  

C. Hybrid Fuzzy-PI Controller Design and Implementation 

The simulation results of Fuzzy controller in Table. 2 shows 

that the overshoot and settling time has been reduced while it 

has increased the SSE compared with PI controller. So, a 

hybrid of the two Fuzzy and PI is implemented, so that PI 

controller reduces the SSE and Fuzzy controller will 

improves the settling time and overshoot. The Simulation 

results after implementing the designed hybrid controller are 

shown in Fig. 5. 
 

 

 

 

 

 

 

 

FIGURE 4. Simulation results with implementation of Fuzzy controller 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 5. Simulation results with implementation of Fuzzy-PI controller 

 

Simulation results with designed hybrid controller in Table. 

2 show that SSE of the rotor current components 𝑖𝑞𝑟  and 𝑖𝑑𝑟  
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have been reduced to 0.004 and 0.0031 respectively. Also, 

overshoot has been reduced to 310 and 806 while settling 

time in the response are reduced to 5.9 seconds and 1.67 

seconds for 𝑖𝑑𝑟and 𝑖𝑞𝑟  respectively. 

D. ANFIS Controller Design and Implementation 

Adaptive neural networking is gaining popularity now a days 

in nonlinear control system. Neuro-Fuzzy combines the 

advantages of both fuzzy logic and neural network. Basic 

structure of ANFIS system is a rule model by which input is 

mapped into a membership function. maps the input 

characteristics to an input membership function which are 

converted to rules. These rules are mapped to the output 

characteristics, which are then mapped to the output 

membership function. Finally, output membership function is 

converted to a single decision value. It computes the member 

function that best allow the associated fuzzy inference system 

to track the given input/output data. ANFIS uses a back 

propagation and least square estimation for the estimation of 

input/output membership functions [29]. In our design input 

to the controller are error signal and rate of change of error. 

Structure of the designed ANFIS controller and simulation 

results are shown in Fig. 6 and Fig. 7 respectively. From 

simulation graphs of the rotor current component, it can be 

inferred that ANFIS controller has much better performance 

than Fuzzy and Hybrid Fuzzy-PI controller because it has 

reduced the SSE along with the settling time 𝜏𝑠 and overshoot 

has been reduced. 

 

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 6: Designed ANFIS controller 

Results of ANFIS controller simulation in Table. 2 

demonstrates that percentage overshoot (%O.S) has been 

reduced to a great extent, that is 130. Also, SSE is equal to 

that of Hybrid controller. Settling time 𝜏𝑠 has been reduced 

as compared to the PI, Fuzzy and Hybrid Fuzzy-PI controller. 

It can be inferred that ANFIS controller has better 

performance as compared to the PI, Fuzzy and Hybrid Fuzzy-

PI. 

IV. COMPARISON OF RESULTS 

In this section, the performance of the proposed four 

controllers PI, Fuzzy, Hybrid Fuzzy-PI and ANFIS controller 

for efficient power extraction while controlling the transients 

in rotor current of DFIG is evaluated. Fig. 8 and Fig. 9 shows 

the rotor current components 𝑖𝑞  and 𝑖𝑑  using the four 

controllers. It can be easily observed that ANFIS controller 

has good performance in tracking the desired refence current. 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 7. Simulation results with implementation of ANFIS controller 

V. COMPARISON OF RESULTS 

In this section, the performance of the proposed four 

controllers PI, Fuzzy, Hybrid Fuzzy-PI and ANFIS controller 

for efficient power extraction while controlling the transients 

in rotor current of DFIG is evaluated. Fig. 8 and Fig. 9 shows 

the rotor current components 𝑖𝑞  and 𝑖𝑑  using the four 

controllers. It can be easily observed that ANFIS controller 

has good performance in tracking the desired refence current. 

Hybrid Fuzzy-PI controller first required to tune PI controller 

and then design a Fuzzy controller. But still ANFIS controller 

has best performance with lower overshoot, SSE and settling 

time 𝜏𝑠 than other three controllers. Table. II represents the 

simulation results of the PI, Fuzzy, Hybrid Fuzzy-PI and 

ANFIS controller. A PI Controller is used for pitch control in 

DFIG and that also controls the rotor current. To the best of 

author’s knowledge after thoroughly going through the 

literature, there is no such a study that evaluate the overshoot, 

settling time and steady state error impacts on output power 

efficiency. Investigating the transient characteristics of the 

conventional PI controller, it can be observed from Table. 2 

PI has very small SSE but very large value of %O.S and 

settling time. So, there is need to implement a control strategy 

that improves the overshoot and settling time. Fuzzy 

controller has lower overshoot value, but it has larger value 

of SSE than PI controller. Hybrid controller still have a larger 

value of overshoot. ANFIS controller has very small settling 

time and overshoot as compared to the other three controllers.  

Extracted power from wind turbine generation system at 

different wind speed (7m/s to 11m/s) after the 

implementation of four controllers is shown in Fig. 10. PI 

controller shows degradation and power extracted is 1400 

KW at 11 m/s. Implementing Fuzzy controller gives output 

power of 1682 KW while in case of Hybrid Fuzzy-PI it is 

1725 KW. Extracted power achieved rated power using 

ANFIS controller which is 2MW at nominal wind speed of 

11 m/s. Hence extracted power from ANFIS is maximum and 

as it is clear from Fig. 11 that the output power from ANFIS 

controller is efficient as compared to any other controller. 

Power extracted from the simulated DFIG with different 

designed controller is shown in Fig. 11. PI and Hybrid 

controller has larger %O.S as compared to ANFIS and Fuzzy 

controllers. While Fuzzy controller on the other hand has 

larger settling time 𝜏𝑠  as compared to Hybrid controller. 

Hybrid Fuzzy-PI controller controls the settling time and 

SSE, But overshoot is larger as compared to fuzzy in case of 

𝑖𝑞𝑟  as given in Table 2. ANFIS controller outperforms 

regarding transient control and power extraction efficiency. 
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TABLE II: Comparison of results for different Controllers 

Parameters 𝒊𝒒𝒓 𝒊𝒅𝒓 

PI Fuzzy Hybrid 

Fuzzy-PI 

ANFIS PI Fuzzy Hybrid 

Fuzzy-PI 

ANFIS 

%O.S 14101 536 806 106 16001 322 310 120 

Settling Time 

𝝉𝒔(s) 

4.1 1.97 1.67 0.78 7.5 6.8 5.9 5.9 

SSE 0.014 0.58 0.004 0.002 0.016 0.81 0.0031 0.0031 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 8: Comparison of rotor current component iqr for different 

Controllers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 9. Comparison of rotor current component idr for different 

controllers 

 
FIGURE 10. Power extracted Vs wind speed after Implementing different 

controllers. 

 
FIGURE 11: Power extracted with implementing the proposed 

VI. CONCLUSION 

A variable speed DFIG based wind turbine under variable 

wind speed operation is studied in this research. 

Implementation of PI, Fuzzy, Hybrid Fuzzy-PI and ANFIS 

controller for the rotor current control on a 2 MW wind 

turbine system is presented. Simulation on 

MATLAB/SIMULINK are carried out to investigate the 

performance evaluation of proposed controller in terms of 

transient characteristics (percentage overshoot, settling 

time, SSE) and efficient power extraction. PI controller has 

larger overshoot and very small SSE. Implementing Fuzzy 

controller control the overshoot of the current but increases 

the SSE. Hybrid of Fuzzy and PI reduces the SSE, Settling 

time and overshoot very small. However, the overshoot 

little bit more than that of Fuzzy controller results for 

𝑖𝑞 component. But SSE is negligibly small. ANFIS 

controller has smaller value of overshoot as compared to 

other three controllers and shows better results for settling 

time and SSE.  

In future, other advanced control technique and optimal 

controls could be utilized for rotor current control to 

improve the efficiency of wind power generation system. 

Also, frequency control strategies can be implemented to 

control the rotor current of DFIG based wind turbine.  
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