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ABSTRACT 
Over the past years, many kinds of control strategies is proposed for doubly fed induction generators drives. Among them, direct 

power control (DPC) has gained more importance due to simple control structures and fast dynamic response. However, it has a 
disadvantage of high ripples in active power, reactive power, and slow response because of hysteresis controllers in active and 
reactive. To improve the performance of DPC and to reduce the active and reactive powers ripples, DPC based artificial neural 
network (ANN) controller is proposed in this work. The simulation is carried out using Matlab/Simulink and compares the 
proportional-integral (PI) controller and in DTC artificial neural is implemented and simulated results are shown. 

Keywords:  DPC, ANN, PI, DTC, reactive power, active power. 

 

NOMENCLATURE 
DFIG          Doubly fed induction generator. 
SFO            Stator Failed orientated. 
DPC            Direct power control. 
PI                Proportional integral 
SVM           Space vector modulation. 
ANN           Artificial neural network. 
IG               Induction generator. 
THD           Total harmonic distortion. 
SVPWM     Space vector pulse width modulation. 
MPPT         Maximum power point tracking. 
RSC            Rotor side converter. 
GSC           Grid side converter. 
Ps               Active power. 
Qs               Reactive power. 
Vs, Vr         Stator and rotor voltages. 
Is, Ir           Stator and rotor currents. 
ψs, ψr         Stator and rotor fluxes. 
p                 Number of pole pairs. 
Rs , Rr        Stator and rotor resistances 
Ls, Lr          Stator and rotor self-inductances 
Lm              Mutual inductance. 
Ω                Angular speed of the turbine. 
J                 Inertia. 
F                Viscous friction coefficient. 

1. INTRODUCTION  

Nowadays, DFIGs are most popular for power 
generation, as they have high efficiency. The stator of the 
DFIG is connected to the power grid and the rotor is 
connected to the AC-DC-AC converter. Two control loops 
are applied to RSC and GSC individually [1]. 

The main purpose of this study is to perform the 
dynamic response of two different control techniques and 
evaluate the best response characteristics in the MPPT 
power curve by using the two control strategies. 
Generally, vector control is the most popular technique 
used in the DFIG-based wind turbines [2]. This control 
scheme using proportional-integral (PI) controllers [3]. In 
this control strategy, the decoupling between the q-axis 
and d-axis current is achieved with feedforward 

compensation, and thus the DFIG model becomes less 
difficult and PI controllers can be used [4]. On the other 
hand, this control scheme gives more total harmonic 
distortion (THD), active power ripple, torque ripple and 
reactive power ripple of the DFIG-based wind turbines 
(WTSs). 

To overcome the drawbacks of the vector control, a 
direct power control (DPC) has been presented [5-7]. The 
DPC is a simple and alternative approach control 
formulation that does not require decomposition into 
symmetrical components. In [8] a DPC control scheme of 
a single voltage source converter based on DFIG without 
using a rotor position sensor. In [9], an improved DPC 
control scheme of a wind turbine driven DFIGs connected 
to distorted grid voltage conditions was presented. In DPC 
control, two hysteresis controllers, namely active and 
reactive power controllers are selected to determine the 
inverter instantaneous switching state [10]. In [11], a 
modified DPC control scheme was proposed based on 
SFO control with a constant switching frequency, where a 
reference rotor voltage was calculated based on the 
estimated stator flux, reactive and active powers and their 
errors. In [12], reactive and active powers proportional-
integral controllers and SVM techniques were combined 
to replace the traditional hysteresis controllers.  In [13], a 
DPC control was proposed based on the seven-level SVM 
technique to control DFIG-based wind turbines. In [14], a 
five-level DPC control scheme was proposed and 
compared to classical DPC strategy of DFIG-based WTS.  

In this paper, the DPC control system with the 
application of the artificial neural networks (ANNs) 
controllers and new space vector pulse width modulation 
(SVPWM) has been considered. The original contribution 
of this paper is the application of the ANN controllers and 
new SVPWM technique in the DPC system with three-
phase induction generator (IG) and simulation 
investigation of this novel control system. The proposed 
scheme preserves the advantages of the DPC with PI 
controllers  (DPC-PI) such as simplicity, less parameters 
dependence and fast response. In addition, axes 
transformation of the stator voltage or current is not 
required. Finally, the proposed and DPC-PI schemes 
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performance is verified by the simulation study on the 
1.5MW DFIG system under the variation of machine 
parameters.   

 
2.  MODELING OF THE DFIG 

 The equations of fluxes and voltages for the DFIG 
stator and rotor in Park orientation structure are given by 
[15-17]: 
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Where : Vdr, and Vqr are the rotor voltages. 
Vqs and Vds are the stator voltages. 
Ids and Iqs are the stator currents. 
Idr, and Iqr are the rotor currents. 
The stator and rotor flux can be expressed as: 
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Where : M : is the mutual inductance. 
ψdr and ψqr are the rotor fluxes. 
ψds and ψqs are the stator fluxes. 
The reactive and active powers can be written as: 
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Where : Ps: is the active power. 
Qs: is the reactive power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                       Fig. 1  DPC-PI control scheme 

Where : 
Ω : is the mechanical rotor speed. 
J : is the inertia. 
Tr : is the load torque. 
f : is the viscous friction coefficient. 
 

And: 
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Where: 

      p: is the number of pole pairs. 
Tem : is the electromagnetic torque. 

 
3. DPC WITH PI CONTROLLER 

 
The DPC-PI goal is to control the magnitude of 

reactive and active powers of the DFIG-based wind 
turbine. In the DPC-PI, reactive power is connected using 
the direct axis voltage Vdr, while the active power is 
controlled using the quadrature axis voltage Vqr . 

Stator active and reactive powers is estimated using (6) 
and (7) [18, 19]. 
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The DPC-PI control scheme, which is designed to 

control the active and reactive power of the DFIG-based 
wind turbine, is shown in Fig. 1.

 Where:  

 s
s

rrs
L

M
IL                                                (8) 

LL

M

sr

2

1                                                                 (9) 

 

IL rrs                                                              (10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Acta Electrotechnica et Informatica, Vol. 20, No. 1, 2020 17 

ISSN 1335-8243 (print) © 2020 FEI TUKE ISSN 1338-3957(online), www.aei.tuke.sk 

Reactive and active power estimation 

Qs_ref 

Vr,abc 

Ir,abc 

SSC 

Sabc 

 DC bus 

DFIG 

RSC 

α β 

a b c  )
..

.

.
(

2

3
 




 r
rs

ms

r
s

s

s LL

LV

L

V
Q   

).(
..2

3


 rs
rs

m

s V
LL

L
P   Ir,αβ 

Vr,αβ 

Ps_ref 

Vrq
* 

Vrd
* 

abc 

d q S 
V 
P 
W 
M 

Qs 

Ps 

ANN controller 

ANN controller 

Gear box 

Wind 

-

+ 

+

-

The reactive and active powers can be reformulated by 
inducing angle λ between the rotor and stator vectors as 
follows [20] : 
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The derivation of the active and reactive powers can 

given by: 

)
))cos((

(
.

.

2

3

dt

d

LL

wM

dt

dQ r
s

sr

ss






                                  (13) 

dt

d
w

LL

L

dt

dP r
ss

rs

ms
))sin((

..2

3 





                            (14) 
On the other hand, the magnitude of stator flux, which 

can be estimated by: 
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The stator flux amplitude is given by: 
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The stator flux angle is calculated by : 
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4. DPC WITH ANN CONTROLLER 

The DPC control scheme of a DFIG-based wind 
turbines with the application of the ANN controller is 
shown in Fig. 2. In this control system, the stator reactive 
and stator active powers are controlled by the ANN 
controller.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2  DPC-ANN control scheme 

On the other hand, the DPC-ANN is similar to the DPC-PI 
control scheme. The difference is using an artificial neural 
networks (ANNs) controller to replace the classical PI 
controllers of active and reactive powers.     

In recent years, ANN has become an interesting topic 
in the control studies. This controller is a part of the 
family of statistical learning techniques inspired by the 
biological nervous system and is used to estimate and 
approximate functions that depend only on a large number 
of inputs [21]. however, the ANN controller contains a 
hidden layer, input layer, and output layer. On the other 
hand, the number of the neurons in the output and input 
layers depends on the number of the selected output and 
input variables. This method based on NN control has the 
advantage of simplicity and easy implementation. The 
construction of the NN regulator to realize the classical PI 
controllers applied to DPC control was an ANN controller 
with one linear input node, 8 neurons in the hidden layer, 
and one neuron in the output layer, as shown in Fig. 3. 
The construction of Layer 1, layer 2 and the hidden layer 
are shown in Fig. 4, Fig. 5 and    Fig. 6 respectively. The 
convergence of the ANN controllers in summer obtained 
by using the value of the parameters grouped in Table 1. 
On other hand, the training used is that of the algorithm, 
Gradiant descent with momentum & Adaptive LR. 

Table 1  Parameters of the neural controller 

Parameters Values 

Number of hidden layer 08 
TrainParam.Lr 0.005 
TrainParam.show 50 
TrainParam.eposh 1000 
Coeff of acceleration of 
convergence (mc) 

0.9 

TrainParam.goal 0 
TrainParam.mu 0.9 
Functions of activation Tensing, Purling, 

gensim 
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Fig. 3  Neural network structure for SVPWM technique 
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Fig. 4  Architecture of Layer 1 
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Fig. 5  Architecture of Layer 2 

 

 

Fig. 6  Hidden layer 

 

5. RESULTS AND ANALYSIS  

The simulation results of DPC with ANN controllers 
of the DFIG are compared with the DPC-PI strategy. To  
this end, the control system was tested under deferent tests 
such as robustness tests. The performance analysis is done 
with active power, electromagnetic torque, harmonic 
distortion of stator current and reactive power. 

The DFIG used in this case study is a 1.5MW, 
380/696V, two poles, 50Hz; with the following 
parameters: Rs = 0.012Ω, Rr = 0.021Ω, Ls = 0.0137H,    
Lr = 0.0136H and Lm = 0.0135H. 
The system has the following mechanical parameters:        
J = 1000 kg.m2, fr = 0.0024 Nm/s [22, 23]. 

A. Reference tracking test (RTT) 

Figs. 7-8 show the THD of the stator current of the DFIG-
based wind turbine obtained using the FFT (Fast Fourier 
Transform) strategy for DPC strategy with ANN 
controllers (DPC-ANN) and DPC-PI one respectively. It 
can be clearly observed that the THD is minimized for the 
DPC-ANN control scheme (THD = 1.09%) when 
compared to DPC-PI (THD = 0.88%). Figs 9-12 show the 
obtained simulation results. For the DPC-ANN and DPC-
PI control scheme, the stator active and reactive powers 
track almost perfectly their reference values. Moreover, 
the DPC-ANN control scheme minimized the stator active 
power ripple, stator current ripple, and reactive power 
ripple compared to the DPC-PI (See Figs. 13-16). 
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        Fig. 7  Spectrum harmonic of stator current (DPC-PI) 
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Fig. 8  Spectrum harmonic of stator current (DPC-ANN) 
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Fig. 9  Active power (RTT) 
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Fig. 10 Rective power (RTT) 
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Fig. 11  Torque (RTT) 
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Fig. 12  Stator current Ias (RTT) 
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Fig. 13  Zoom in the active power (RTT) 
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Fig. 14  Zoom in the reactive power (RTT) 
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Fig. 15  Zoom in the torque (RTT) 
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Fig. 16  Zoom in the stator current (RTT) 

B. Robustness test (RT) 

In this section, the nominal value of the Rr and Rs is 
multiplied by 2. Simulation results are presented in Figs 
17-22. As it’s shown by these figures, these variations 
present an apparent effect on the torque, stator current, 
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stator reactive and active powers curves and that the effect 
appears more significant for the DPC-PI control scheme 
compared to DPC-ANN (See Figs. 23-26).  

The THD value of stator current in the DPC-ANN 
control has been minimized significantly (See Figs 17-18). 
Table 2 shows the comparative analysis of THD value. 
Thus it can be concluded that the proposed DPC with 
ANN controllers is more robust than the DPC-PI strategy. 

 
Table 2  Comparative analysis of THD value (RT) 

 

 THD (%) 
DPC-PI DPC-ANN 

Rotor current 5.39 2.42 
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Fig. 17  Spectrum harmonic of stator current (DPC-PI) 
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Fig. 18  Spectrum harmonic of stator current (DPC-ANN) 
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Fig. 19  Active power (RT) 
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Fig. 20  Reactive power (RT) 
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Fig. 21  Torque (RT) 
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Fig. 22  Stator current (RT) 
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Fig. 23  Zoom in the active power (RT) 
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Fig. 24  Zoom in the reactive power (RT) 
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Fig. 25  Zoom in the torque (RT) 
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Fig. 26  Zoom in the stator current (RT) 

6. CONCLUSION 
 

In this article, we presented the DPC strategy with the 
ANN controllers of the stator active and reactive powers 
of the DFIG supplied by the SVPWM strategy at two-
level. A DPC with the ANN controller is synthesized and 
compared to DPC using traditional PI controllers. The 
simulation results show that the DPC with ANN 
controllers is an excellent solution for DFIG based wind 
turbines. In terms of tracking performances reactive and 
active powers references, and THD of stator current. 
Furthermore, the obtained results have approved that the 
DPC with ANN controllers  minimizes the THD value of 
stator current, and powers ripples more and more than the 
DPC using classical PI controllers. 
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