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Abstract— This paper presents the control scheme of 

doubly-fed induction generator (DFIG) using Artificial 

Intelligence method. The scheme is a part of wind power in 

order to on-grid to electrical power grid system. In this 

work, wind turbine driven is by DFIG which feeds ac power 

to distribution network. The system is modeled and 

simulated in the Simulink-Mat lab software in such a way 

that it can be suited for modeling of induction generator 

configurations. The system model makes use of rotor 

reference frame using dynamic vector control approach for 

machine reference model. Artificial Intelligence controller is 

applied to rotor side converter for controlling active power 

and regulating voltage of wind power. In order to studying 

the performance of the artificial Intelligence controller, the 

different abnormal conditions are examined even the worst 

case. Simulation results prove the good performance of 

Artificial Intelligence control unit as improving power 

quality and stability of wind power system. 
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I. INTRODUCTION 

Wind power system is the fastest growing and most 

promising renewable energy resources among them due to 

both technically and economically viable [1]-[3]. Many 

applications of wind power can be found in a wide power 

range from a few kilowatts to several megawatts [4]-[5]. 

The wind power can be found in small scale off-grid 

standalone systems or large scale grid-connected wind 

farms. Due to lack of control on active and reactive power, 

this type of distributed generation causes problems in the 

interconnection system. Therefore, this scheme requires 

accurate modeling, control and selection of appropriate wind 

power system. During last two decades, the high penetration 

of wind powers has been closely related to the advancement 

of the wind turbine technology and the way of how to 

control [6]. Doubly fed induction generator (DFIG) is one of 

the most popular wind turbines which includes an induction 

generator with slip ring, a partial scale power electronic 

converter and a common DC-link capacitor [7]-[9]. Doubly-

fed induction generators are receiving increasing attention 

for wind energy conversion system during such situation. 

Because the main advantage of such generators is that, if the 

rotor current is governed applying field orientation control-

carried out using commercial double sided PWM inverters, 

decoupled control of stator side active and reactive power 

results and the power processed by the power converter is 

only a small fraction of the total system power. So, doubly-

fed induction generator with vector control is very attractive 

to the high performance variable speed drive and generating 

applications [10]-[11]. With increasing penetration of wind-

derived power in interconnected power systems, it has 

become necessary to model the complete wind energy 

systems in order to study their impact and also to study wind 

power plant control. 

Along with the development of wind energy 

system, power electronic converter technologies also 

develop significantly. The technology which encompasses a 

back to back AC-DCAC voltage source converter has two 

main parts; grid side converter (GSC) that rectifies grid 

voltage and rotor side converter (RSC) which feeds rotor 

circuit. Power converter only processes slip power therefore 

it’s designed in partial scale and just about 30% of generator 

rated power which makes it attractive from economical 

point of view [11]-[13]. Many different structure and control 

algorithm can be used for control of power converter.  

 
Fig. 1: Horizontal Axis Wind Turbine 

There are two main types of wind turbines used in wind 

energy conversion systems. 

1) Horizontal Axis Wind Turbines 

2) Vertical Axis Wind Turbines 

Horizontal axis wind turbines have rotor rotating 

around a horizontal axis and able to collect maximum 

amount of energy from wind.  

The rotor blades can be pitched accordingly so that 

the damage is minimized during stronger winds in storms. 

Also the taller towers provide access to stronger wind sites 

with wind shear and placement on uneven land or in 

offshore locations. While Vertical axis wind turbines have 

rotor rotating around a vertical axis, the rotor cannot be 

pitched accordingly so as to collect maximum amount from 

wind. This is an old technology wind turbine and cannot be 

placed on uneven land. Moreover, these turbines can be 

easily damaged because of stronger wind as guy wires are 

used to support the structure which can be broken down 

during stronger winds. Therefore from the above discussion, 

it can be seen that horizontal axis turbines are better than 

vertical axis wind turbines, and is the point of focus 

throughout this study [2]. 
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There is another classification of wind turbines i.e. 

1) Fixed speed wind turbines 

2) Variable speed wind turbines 

Fixed speed wind turbines can extract power from the 

wind at some particular speed but variable speed wind 

turbines can operate on variable speed using variable pitch 

blades with application of doubly fed induction generator 

with power converters which enable operation at variable 

speed to extract maximum power at all wind speed range 

using some kind of control system. 

 

 
Fig. 2: Variable speed wind turbines (a).with full size 

inverter; (b) with doubly fed induction generator 

In this study the configuration that is used for 

mathematical modeling and control purposes is the DFIG 

based WECS [2] as given in above figure-2. It is clear in the 

figure that the stator is directly connected to the grid and 

rotor is fed via a back to back voltage source power 

converter. As the stator is directly connected to the power 

grid so it is supplied with a constant voltage and constant 

frequency while the rotor is connected to the grid via power 

converters. So it can be supplied with variable voltage and 

frequency according to the requirement as shown in figure-

3. This topology is very much advantageous over the others 

because there is not any need of full scale power converters 

instead small scale converter that can handle approximately 

30% of the total power as only this amount of total power is 

transferred between the grid and rotor [4]-[5]. In this paper 

an intelligent controller based on fuzzy logic [6] is designed 

to improve reference tracking and robustness of DFIG based 

WECS. Fuzzy controller is acting as a supervisory controller 

to tune PI controller [7] gains Kp and Ki by using method of 

gain scheduling to track stator active and reactive power 

references. The results show improvement in system 

response to certain parametric changes. 

One of the most common control techniques is 

decouple PI control of output active and reactive power to 

improve dynamic behavior of wind turbine. But due to 

uncertainty about the exact model and behavior of some 

parameters such as wind, wind turbine, etc., and also 

parameters values differences during operation because of 

temperature, events or unpredictable wind speed, tuning of 

PI parameters is one of the main problems in this control 

method. The use of artificial intelligence (AI) technique in 

many field have been very popular among researchers [7]-

[15]. Therefore, this study investigates dynamic modeling of 

a variable speed DFIG wind power using Artificial 

Intelligence controller in Simulink Mat lab software. 

Different parameters in normal and abnormal conditions 

based on adaptive neuro-fuzzy control are investigated. A 

main grid with a 9MW DFIG wind turbine is used and 

focuses turned to fuzzy control unit and its effects on the 

power quality and system response. 

II. MATHEMATICAL MODEL 

The power extraction by the rotor blades from the wind is 

based on the principle of aerodynamics. As the air strikes 

the wind turbine rotor blades the power extracted depends 

upon the size, shape and speed of wind etc. The relation 

between speed of wind and Kinetic Energy is given as 

below: 
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The simplified and idealized model of this machine 

can be Described using three stator and three rotor windings 

[8] according to the models developed by different 

researchers.Figure-3 shows this model which actually helps 

to develop an equivalent circuit of the machine which is 

shown in figure-4. 

 
Fig. 3: WECS Block Diagram 

 

 

 
Fig. 4: Equivalent Circuit of Induction Machine 

Different reference frames are shown in figure-5. 

Using Clarke and Park Transformations the αβ-model, the 

model in stationary reference frame i.e. stator reference 

frame, is given as follows: 
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The dq-model; the model in synchronously rotating 

reference frame [9]-[11] is given as follows: 

 
Fig. 5: Reference Frames Orientation 

 
The above mentioned dq-model is used to design 

the controller to improve the operation of DFIG. 

III. CONTROLLER DESIGN 

This section covers the complete details about the 

mathematical model used in the controller design process. It 

also describes details for the selections of reference frame 

orientation in order to obtain decouple control of active and 

reactive power of DFIG [4]-[5]. The doubly fed induction 

generator is very popular in wind energy conversion systems 

because it provides variable speed operation and the power 

converters used in this system enables control of stator 

active and reactive power by controlling the currents of the 

rotor. 

Wind energy conversion system is not very simple 

to control it easily because if we closely monitor the 

mathematical equations then one can notice that firstly these 

equations are cross coupled differential equations and to 

solve these equations is really very difficult task.  

So for controller design purposes these differential 

equations are not directly used instead vector control theory 

is used to design a controller for induction machine. So for 

making the model of the machine simple usually different 

reference frames are used to transform the three phase 

quantities to two phase dc quantities, so that, controller can 

be designed efficiently. 

Using stator flux orientation technique we can 

achieve decoupled control of the stator active power and 

reactive power. Stator flux orientation well described by 

figure-6 below: 

 
Fig. 6: Stator Flux Orientation 

In the figure above we can see stator flux aligned 

with the d-axis [9]-[11]. So there is no component along q-

axis of stator flux. 
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Note that equations (10) and (11) show that Ps and 

Qs can be controlled by controlling the rotor currents. So if 

we control the rotor currents then it means to have a 

complete control over stator active power and reactive 

power control. 

By taking into account the equations involving 

stator active Ps and reactive powers Qs and taking the 

Laplace of Vdr and Vqr equations, We get the following 

transfer function to control the rotor current to get required 

stator active and reactive power: 

 
And when using PI controller, suitable values of 

Kp and Ki, we can get the desired results. See Result section 

for simulation results. The results of PI controller based 

system show that for certain variation in machine 

parameters the PI controller cannot perfectly tracks the 

desired power references because for every parameter value 

change there must be some mechanism to update the PI 

gains Kp and Ki according to the requirement. 

So in this thesis an intelligent controller is designed 

using fuzzy systems and the method of gain scheduling is 

used to update the values of Kp and Ki continuously 

according to the situation i.e. the fuzzy controller acts as a 

supervisory controller which updates the gain values for PI 

controller [12] used as first level controller in this case. 

 
Fig. 7: Fuzzy Controller Schematic Diagram 

The inputs to the fuzzy supervisory controller being 

e the error plus the term de/dt the derivative, while 

normalized values of Kp and Ki are outputs as shown in 

figure-7. 

Figure-8 shows the membership functions for error 

e , derivative of error de/dt , Kp and Ki are given below: 

 
Fig. 8: (a) Membership Functions for Error e 

 
Fig. 8: (b) Membership Functions for de/dt 

 
Fig. 8: (c) Membership Functions for Kp 

 
Fig. 8: (d) Membership Functions for Ki 

IV. SIMULATION RESULTS & DISCUSSION 

In order to analyze the advantage of adaptive neuro-fuzzy 

method to control the doubly-fed induction generator in 

wind energy conversion system, the overall system is 

simulated using Matlab Simulink software. The example 

described in this section illustrates the steady-state and 

dynamic performance of a 9 MW wind farm connected to a 

distribution system. The wind farm consists of six 1.5 MW 

wind turbines connected to a 25 kV distribution system 

exporting power to a 120 kV grid through a 30 km 25 kV 

feeder. A 2300V, 2 MVA plant consisting of a motor load 

(1.68 MW induction motor at 0.93 PF) and of a 200 kW 

resistive load is connected on the same feeder at bus B25. A 

500 kW load is also connected on the 575 V bus of the wind 

farm. The diagram of this system in Matlab Simulink model 

is illustrated in Figure 9. Wind turbines use a doubly-fed 

induction generator consisting of a wound rotor induction 
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generator and an AC/DC/AC IGBT-based PWM converter. 

The stator winding is connected directly to the 60 Hz grid 

while the rotor is fed at variable frequency through the 

AC/DC/AC converter. The doubly-fed induction generator 

technology allows extracting maximum energy from the 

wind for low wind speeds by optimizing the turbine speed, 

while minimizing mechanical stresses on the turbine during 

gusts of wind. The optimum turbine speed producing 

maximum mechanical energy for a given wind speed is 

proportional to the wind speed.  

Another advantage of the doubly-fed induction 

machine technology is the ability for power electronic 

converters to generate or Turbine Data Menu and the 

Turbine Power Characteristics absorb reactive power, thus 

eliminating the need for installing capacitor banks as in the 

case of squirrel-cage induction generators. The terminal 

voltage will be controlled to a value imposed by the 

reference voltage (Vref= 1pu) and the voltage droop (Xs= 

0.02 pu). 

 

 
Fig. 9: Wind energy connected to a distribution system. 

 
Fig. 10: (a)voltage regulating side 

 

 
Fig. 10: (b) rotor side.Figure 10: DFIG control scheme using 

Artificial Intelligence method 

Figure 10 shows DFIG control scheme using 

Artificial intelligence method. The figure describes the 

block diagram of rotor side converter to which adaptive 

neuro-fuzzy (Artificial Intelligence) controller is applied. 

The main objectives of this part are active power control and 

voltage regulation of DFIG wind turbine using output 

reactive power control. As illustrated in Figure 10 rotor side 

converter manages to follow reference active (Pref) power 

and voltage (Vref) separately using fuzzy controllers, 

hysteresis current controller converter and vector control 

algorithm. Inputs of fuzzy controller are error in active and 

reactive power or voltage and the rate of changes in errors in 

any time interval. After the production of reference d-and q-

axis rotor currents, they converted to a-b-c reference frame 

using flux angle, rotor angle and finally slip angle 

calculation and Concordia and Park transformation matrix. 

Then they applied to a hysteresis current controller to be 

compared with actual currents and produce switching time 

intervals of converter. In the following figure 11 we can 

observe that the damping of I. Rotor speed, II.Temparature 

III.torque, IV.Active Power, V.Reactive Power DFIG with 

PID is up to 1.05pu. By applying Artificial Intelligence 

controller to DFIG we get damping of 1.03pu. so we can 

observe the reduction(2%pu) in damping in DFIG 

parameters with intelligence controller 

In this simulation, we observe the impact of a PID 

and AI controller on DFIG 
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Fig. 11: simulation results of performance of DFIG with 

PID controller 

 
Fig. 11: simulation results of performance of DFIG with AI 

controller 

V. CONCLUSION 

This paper has described the control scheme of doubly-fed 

induction generator (DFIG) wind energy conversion system 

using Artificial Intelligence approach. The wind turbine 

driven by doubly fed induction generator is a part of 

distributed generation which feeds ac power to the 

distribution network. The system is modeled and simulated 

in the Simulink Matlab software in such a way that it can be 

suited for modeling of all types of induction generator 

configurations. The model makes use of rotor reference 

frame using dynamic vector approach for machine model. 

All power system components and the adaptive neuro-fuzzy 

controller are simulated in Matlab Simulink software. For 

studying the performance of controller, different abnormal 

conditions are applied even the worst case. Simulation 

results prove the excellent performance of Artificial 

Intelligence control unit as improving power quality and 

stability of wind turbine. 
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