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Abstract. This paper proposes a Direct Power Control (DPC) strategy for a Doubly Fed Induction Generator 
(DFIG) based wind power generation system, using a Multilayer Perceptron (MLP) controller. This controller 
replaces the conventional DPC lookup table and allows the converter that is connected to the rotor terminals to 
operate with constant switching frequency. The digital simulation results of 1.5 MW DFIG are presented to show 
the validity and efficiency of the proposed control strategy to decouple and control the active and reactive power 
in different conditions of wind speed. 
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1. Introduction 
Nowadays, the concept of the variable speed wind turbine (VSWT) equipped with a Doubly Fed 

Induction Generator (DFIG) has received increasing attention due to its noticeable advantages 
compared to the fixed speed induction generators [1–2], such as increased power capture, four-
quadrant converter topology which lets the decoupled and fast active and reactive power control and 
reduced mechanical stresses [3]. 

In the DFIG concept, the stator is usually connected directly to the three-phase grid; the rotor is 
also connected to the grid but through a transformer and a variable frequency converter as shown in 
the Fig. 1. This arrangement provides flexibility of operation in sub-synchronous and super-
synchronous speeds in both generating and motoring modes (± 30 % around the synchronous speed). 
By consequence, the power converter needs to handle a fraction (20 – 30 %) of the total power to 
achieve full control of the generator. Such the system also results in lower converter costs and lower 
power losses compared to fully variable speed wind generation systems with a full-rated converter. 

Recently, Direct Power Control (DPC) of DFIG based wind energy generation systems has been 
proposed [4–5], and it’s proven to have many advantages compared to the vector control technique, 
such as simplicity, fast dynamics and robustness against parameters variations and grid disturbances 
[6]. However, when DPC operate at a variable switching frequency [6–7], its makes the power 
converter and the AC harmonic filter complicated and expensive. More recently, several papers have 
been published on DPC at constant switching frequency for DFIG, proposing new modified DPC 
strategies and improvements of the system [8, 9, 10, 11, 12, 13].  
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Fig. 1: WECS based a DFIG configuration 

 
In this paper a DPC with constant switching frequency was proposed, which allows the 

performance of DPC scheme in terms of active and reactive power ripples and current distortion to be 
improved. These improvements could be achieved with simple control circuit without increasing the 
inverter switching frequency. This control algorithm is based on an Artificial Neural Networks 
(ANNs) with the multilayer perceptron (MLP) structure. By suitable selection of the best structure of 
MLP, the complexity of the proposed method is less than the method presented by [14]. 

2. Dynamic of the DFIG 
For decoupled control of active and reactive power, dynamic model of DFIG is required

 

 

The voltage equations of the DFIG in the synchronous d-q reference frame rotating at ωs are as 
follows: 

qssdsdssds ψωψ
dt

d
IRV −+=                      (1) 

dssqsqssqs ψωψ
dt

d
IRV ++=                         (2) 

qrrsdrdrrdr ψ)ωω(ψ
dt

d
IRV −−+=                                  (3) 

drrsqrqrrqr ψ)ωω(ψ
dt

d
IRV −++=                                 (4)    

Where: 

sω : stator angular frequency in rad/s 

rω : rotor angular speed in rad/s 

( )rs ωω − : slip angular frequency in rad/s 

The flux linkages are : 

drmdssds ILILψ +=                                                            (5) 

qrmqssqs ILILψ +=                                                       (6) 
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dsmdrrdr ILILψ +=                                                            
   (7) 

 

qsmqrrqr ILILψ +=                                                            (8)   

DFIG electromagnetic torque is: 

( )qrdsdrqs
r

m
em II

L

L
p

2

3
T ψψ −=                           (9) 

Generator active and reactive powers at the stator side are given by the following expressions: 

( )qsqsdsdss IVIV
2

3
P +=                                                        (10) 

( )qsdsdsqss IVIV
2

3
Q −=                                                       (11) 

The rotor-side converter is controlled in a synchronously rotating d-q axis frame, with the d-axis 
oriented along the stator flux vector position (Fig. 2). In this approach, decoupled control between the 
stator active and reactive powers is obtained. The influence of the stator resistance can be neglected 
and the stator flux can be held constant as the stator is connected to the grid [5]. Consequently [15]: 

0and qssds == ψψψ                                                (12) 

                 

Fig. 2:  Stator field oriented control technique 

In this case : 
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Replacing the stator currents by their expressions given in (5) and (6), the equations below are 
expressed: 
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The electromagnetic torque is as follows:  

qrs
s

m
em Iψ

L

L
p

2

3
T −=                                                   (18)  

Rotor voltages can be expressed by:   
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3. Conventional DPC strategy principle  
By using pervious equations and neglecting the stator resistance; we can find the relations of Ps 

and Qs according to both components of the rotor flux in the stationary (αr-βr) reference frame, and we 
can get: 
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Where: 
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The fact that the stator is directly connected to the grid provides a stator flux vector with constant 
amplitude: 

s

s

s
ω

V
ψ =     (22) 

If we introducing the angle δ between the rotor and stator flux linkage, Ps and Qs become:     
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Differentiating (23) results in the following equations: 

( )

( )












=

−=
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ψ
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dt
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r
s

rs
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s
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                          (24) 

Hence, the last two expressions show that the stator active and reactive powers can be controlled 
by modifying the relative angle between the rotor and stator flux space vectors and their amplitudes. 

4. DPC based artificial neural networks 
In this study we have used a feed forward neural network to select the voltage vector which 

replaces the lookup table in the case of the conventional DPC strategy (Fig. 3). 
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Fig. 3:  DPC neural networks controller scheme 

 

 

 
 
 
ANNs has been devised having as inputs the active power error, the reactive power error and the 

position of the flux sector and as output the gate pulses for the tow levels voltage source inverter (2L-
VSI) which supplies the rotor windings (RSC) as it is illustrated in Fig. 4.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Proposed MLP-ANN controller 

The network taken in this study is a 3–35–3 feed–forward network with first layer of log sigmoid transfer 

function, second layer of hyperbolic tangent sigmoid transfer function and third layer of linear transfer function. 

Levenberg–Marquardt back–propagation algorithm [16–17] is used to train (updates weights and bias) this 

neural network at a sampling time of 10 μs. 

5. Simulation results 
In this part, simulations are investigated with a 1.5MW DFIG connected to a 398V/50Hz grid 

(appendix), by using the MATLAB/SIMULINK software. The proposed control strategy (ANN-DPC) 
is simulated and tested in both cases: fixed wind speed, and variable wind speed. 

5.1. Fixed wind speed 

In this case, the wind speed is maintained constant at its nominal value (12.25m/s), we initial 
simulation with various active and reactive powers steps in nominal regime of DFIG. The negative 
sign “-“ refers to the generation of active power and to the absorption of reactive power. The DFIG is 
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driven from the sub-synchronous speed (1000rpm) to the super-synchronous speed (2000rpm) by 
crossing the synchronous speed (1500rpm). The sampling period of the system is 10μs. 

All simulation results are show in Fig. 5, from top to bottom; the curves are active power (Ps), 
reactive power (Qs), power factor (PF), stator currents and rotor currents. 
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Fig. 5: ANN-DPC strategy simulation results in fixed wind speed operation 

 
 
 
 
 
The simulation results in Fig. 5, under nominals conditions of operation show that the designed 

ANN-based DPC strategy is able to provide good performance. The decoupled control of active and 
reactive power is achieved and powers responses follow their reference values well. 

The reactive power reference will be set to zero (Qs
*=0MVAR) to ensure a unity power factor 

(PF=1) at the grid side, in order to optimize the generated stator active power quality. By consequence, 
the stator current has a negligible ripple and a nearly sinusoidal wave. In the other hand, the 
changeover from sub-synchronous to super-synchronous speed crossing the synchronous speed is 
observed to be smooth without any transients in the rotor current waveform. 

5.2. Variable wind speed 

In this section, simulations are performed with a varibale wind speed, with a mean value of 
8.2m/s. In this case, a battery storage unit is included to the DC bus to provide a constant active power 
to the grid for all wind conditions. In high wind speed conditions, the DFIG provides energy to the 
network and refills the storage unit whereas in insufficient wind conditions, the storage unit allows 
compensating the lack of energy. This is a very useful operation for wind turbine grid connection. 

The pitch control achieves the maximum efficiency of the turbine. It is also possible to turn off the 
turbine when wind speed is too large to prevent any mechanical damage. For a given wind speed, the 
power reference is calculated and subtracted from the constant power injected to the grid to fix the 
power reference for the storage unit. This power can be positive or negative according to wind speed 
conditions. 

The power can be positive or negative if the generator performs at hyper or hypo synchronous 
conditions and when the storage unit absorbs power from the wind turbine or provides power to the 
grid.  

The storage unit is controlled in power for charge and discharge, and the power stored in the 
battery is calculated by:  

MW75.0PP sstored −=                                               (25) 

And the power injected to the grid is given by the expression:  

stored
*
sgrid PPP −=                                                       (26) 
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Where Ps and Ps
* are the produced and reference active power respectively. 

Fig. 6 present simulation results for a 1.5MW DFIG associated with a 0.75MW storage unit. The 
wind turbine is also supposed to inject a constant power of 0.75MW into the grid for all wind 
conditions. The ANN-DPC strategy is always simulated at 10μs sampling period.  
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Fig. 6: ANN-DPC strategy simulation results in variable wind speed operation 

 
 
 
 
 
In the Fig. 6, the active power of the DFIG follows the power reference calculated from the wind 

speed. This power is limited by the generator nominal power (1.55MW). Simulation results for active 
power of the DFIG demonstrate the impossibility of generating a constant active power equal to 
0.75MW under all wind speed conditions. For this reason, batteries are included to maintain a constant 
active power at the grid side; so batteries correspond to a positive power when charging and a negative 
power when feeding the grid. 

The produced active power is kept constant (0.75MW) for all wind conditions. This corresponds to 
the sum of the DFIG and storage unit powers. Consequently, this wind energy conversion system can 
be assimilated as a constant generator for active power. 

The reactive power is correctly regulated and it’s always maintained to zero with an aim of 
keeping a unit power factor at the grid side. 

6. Conclusion 
In this paper, a direct power control strategy using a controller based on artificial neural networks 

has been presented. This technique has been used for reference tracking and decoupling of active and 
reactive powers exchanged between the stator of the DFIG and the grid by the direct manipulation of 
rotor voltages without the need for current controllers and requiring only a single controller.  

The simulation results have shown the effectiveness of the proposed strategy in attending changes 
of the active and reactive power with good performances at variable wind speed. 

In this case, the incorporation of batteries or other energy storage device in the DC-link must be 
necessary to enables a temporary storage of energy and therefore, the ability to provide constant active 
power injected to the grid, which is both deterministic and resistant to wind speed fluctuations.  
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Appendix 

 
Table I. Wind turbine parameters 

 

Blade radius, R   35.25 m 
Number of blades 3 
Gearbox ratio, G 90 
Moment of inertia, J  1000 Kg.m2 

Viscous friction coefficient, fr  0.0024 N.m.s-1 
Cut-in wind speed  4 m/s 
Cut-out wind speed 25 m/s 
Nominal wind speed, v  16 m/s 

Table II. Doubly fed induction generator parameters 

Rated power, Pn 1.5 MW 

Stator rated voltage, Vs  398/690 V 
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Rated current, In  1900 A 

Stator rated frequency, f 50 Hz 

Stator inductance, Ls 0.0137 H 

Rotor inductance, Lr 0.0136 H 

Mutual inductance, Lm 0.0135 H 

Stator inductance, Rs 0.012 Ω 

Rotor inductance, Rr 0.021 Ω 

Number of pair of poles, p 2 


