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ABSTRACT 
This paper presents a direct vector control (DVC) strategy for the doubly fed induction generator (DFIG)based wind turbine 

systems. The major disadvantages that are usually associated with DVC control scheme are the electromagnetic torque, reactive 
power and active power ripples. To overcome these disadvantages an advanced five-level space vector modulation (5L-SVM) 
strategy based on neural networks (NNs) controller is proposed. The proposed controller is shown to be able to reduce the reactive 
and active powers ripples and to improve the performances of the DVC control. Simulation results are shown by using 
Matlab/Simulink. 

Keywords:  Direct vector control; doubly fed induction generator; five-level space vector modulation; neural space vector 
modulation; neural networks. 

 

1. INTRODUCTION 

Doubly fed induction generator is one of the most 
popular variable speed wind turbines (WTs) in use 
nowadays. It is normally fed by a voltage source inverter. 
In the most WTSs configurations, the stator side is 
directly connected to the grid and the rotor side is 
connected to the grid through a back-to-back converter [1, 
2]. Many control schemes such as vector command (VC) 
[3, 4], artificial intelligent control (AIC) [5], sliding mode 
control (SMC) [6, 7], LQR control of DFIG [8], direct 
torque control (DTC) [9-11] and direct power control 
(DPC) [12, 13] have been proposed to control especially 
stator active and reactive powers of the DFIG. In literature 
[14] VC control is the most popular technique used in the 
DFIG-based WT systems. However, the principle of the 
VC control scheme is to direct the flow vector to make 
this machine similar control standpoint to a DC machine 
with separate excitation. This control technique based on 
traditional controllers (proportional control, integral and 
derivative) [15]. 

Many researchers focus their studies based on field 
oriented control (FOC) using linear regulator proportional 
integrator (PI) in order to control rotor side converter 
(RSC) as mention in [16-18], by calculationg Kp and Ki. 

In this paper, we proposed a direct vector control 
(DVC) law for DFIG based on the orientation of the stator 
flux. The latter shows the relationship between the stator 
and the rotor variables. These relationships will enable the 
rotor to act on signals to control the exchange of real and 
reactive power between the stator of the machine and the 
network. On the other hand, the DVC control is a simple 
control scheme and easy to implement compared to other 
controls. However, it has some disadvantages, such as its 
dependence on the machine parameters variation due to 
the decoupling terms. This technique gives more total 
harmonic distortion (THD) of rotor current and powers 
ripples of a DFIG based WTSs. 

Since the SVM (Space Vector Modulation) technique 
is usually used in control of machine drive. However, this 
technique scheme is difficult to implement. This technique 

is a complex modulation scheme and needs to calculate 
the sector and angle. However, this technique gives more 
THD of the rotor current and high ripple in torque, rotor 
flux and powers of the DFIG machine. To overcome the 
drawbacks of the SVM technique, a new modulation 
strategy for the inverter control was proposed by [19, 20] 
as neural space vector modulation (NSVM) to control 
reactive and active powers. However, this technique gives 
80% more voltage output compared to the conventional 
SVM strategy [21]. In this article, we proposed an NSVM 
technique of five-level inverter based on the calculation of 
minimum (min) and maximum (max) of three-phase 
voltage [22]. The advantages of the proposed NSVM 
inverter is not needed to calculate the angle and sector, 
easy to implement, simple modulation scheme and reduce 
the THD value of stator and rotor current compared to 
conventional SVM inverter [23]. 

In our paper, two different DVC strategies will be 
compared with each other. These strategies are 
conventional DVC and DVC strategy using five-level 
NSVM technique. The proposed strategies are described 
clearly and simulation results are reported to demonstrate 
its effectiveness. The used strategies are implemented in 
Matlab/Simulink software. 

2. FIVE-LEVEL NSVM TECHNIQUE 

The principale of space vector modulation is 
represented in a frame in Fig. 1. The SVM technique is 
widely used in control of AC machine drives. This 
proposed technique not needed to calculate sector and 
angle. However, this modulation strategy is detailed in 
[20]. In this work, we propose a neural space vector 
modulation of five-level NPC inverter based on the 
calculation of maximum (min) and minimum (max) of 
three-phase voltages. Fig. 2 represents the block diagram 
of the hysteresis comparators for the five-level inverter. 
On the other hand, the advantage of the proposed SVM 
inverter is a simple modulation scheme, easy to implement 
and gives a strong performance for the real-time feedback 
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control [24]. The NSVM strategy block represents the 
five-level inverter model as shown in Fig. 3. 

The principle of neural space vector modulation is like 
to traditional SVM technique. The difference is using 
artificial neural networks (ANNs) to replace the hysteresis 
comparators.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 represents the block diagram of the neural 

hysteresis comparators for five-level NSVM technique. 
 
 
 

A neural network (NN) is newly getting increasing 
stress in drive command applications. The main 
preference of the ANN controller is that is easy to 
implement the control that it has the capability of 
generalization [25].  
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Fig. 1  Block diagram of the five-level SVM technique. 

Fig. 2  Block diagram of the hysteresis comparators. 
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Fig. 4  Block diagram of the neural hysteresis comparators 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The block diagram of the ANN based hysteresis 
comparators are shown in Fig. 5. The block diagram of the 
Layer 1 and layer 2 is shown in Fig. 6 and Fig. 7 
respectively. 
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Fig. 5  The ANN controller 
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Fig. 6  Layer 1. 
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Fig. 3  Block diagram of the five-level NSVM technique 
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Fig. 7  Layer 2 
 

The convergence of the network in summer obtained 
by using the value of the parameters grouped in the   
Table 1. 

Table 1  Parameters of the LR for hysteresis comparators 

Parameters of the LM Values 

Number of hidden layer 12 
TrainParam.show 50 
TrainParam.eposh 1000 
TrainParam.Lr 0.005 
Coeff of acceleration of 

convergence (mc) 
0.9 

TrainParam.goal 0 
TrainParam.mu 0.9 

Functions of activation Tensing, Purling, 
gensim 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9  Structure of DVC strategy. 

 

3. DIRECT VECTOR CONTROL 
 
Fig. 8 represents the direct vector control (DVC) 

strategy of DFIG driven by a five-level NSVM technique. 
This technique is detailed in [26]. This control scheme is a 
simple control technique and easy to implement. 
However, this control has some advantages and 
disadvantages. The basic disadvantages of DVC control 
scheme using five-level SVM inverter are the variable 
switching frequency, the stator active and stator reactive 
powers ripples [27]. In the aim to improve the 
performance of the electrical drives based on DVC 
control, space vector modulation inverter and neural 
networks are combined (5L-NSVM) to reduce the active, 
reactive powers ripple and minimize the THD value of 
rotor current. The internal structure of the DVC control 
technique is shown in Fig. 9. 

4. SIMULATION RESULTS 

 
The DVC strategy of a DFIG is implemented with 

simulation tools of MATLAB/Simulink. The DFIG (1.5 
MW) attached to a 398 V/50 Hz grid. The both control 
strategies, DVC using 5L-SVM and DVC control scheme 
using 5L-NSVM strategy are simulated and compared 
regarding rotor current harmonics distortion, reference 
tracking and robustness against DFIG parameter 
variations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A. Reference tracking test (RTT) 
Figs 10-14 show the obtained simulation results. As 

it’s shown in Figs 10-12, for the two DVC control 
strategies, the stator active power (Ps) and stator reactive 
power (Qs) tracks almost perfectly their references values 
(Psref and Qsref). Moreover, the DVC control scheme using 
the five-level NSVM inverter minimized the powers 
ripples and electromagnetic torque (Te) ripple compared 
to the DVC using five-level SVM technique (See Figs 15-
17). Figs. 13-14 show the THD of rotor current of the 
doubly fed induction generator for both DVC command 
schemes. It can be clearly observed that the THD value is 
minimized for DVC control using the five-level NSVM 

 

Fig. 8  Block diagram of DVC control with NSVM. 
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strategy (THD = 0.04%) when compared to DVC control 
scheme using the 5L-SVM (THD = 0.66%). 
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Fig. 10  Active power (RTT). 
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Fig. 11  Reactive power (RTT) 
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Fig. 12  Torque (RTT) 
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Fig. 13  THD of rotor current for DVC-5L-SVM control (RTT) 
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Fig. 14  THD of rotor current for DVC-5L-NSVM control (RTT) 
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Fig. 15  Zoom in the active power (RTT) 
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Fig. 16  Zoom in the reactive power (RTT) 
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Fig. 17  Zoom in the electromagnetic torque (RTT) 

B. Robustness test (RT) 
In this section, the nominal value of the Rr and Rs is 

multiplied by 2, the values of inductances Ls, M, and Lr 
are multiplied by 0.5. Simulation results are presented in 
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Figs 18-22. As it’s shown by these figures, these 
variations present an apparent effect on the stator reactive 
power, stator active power, and electromagnetic torque 
curves and that the effect appears more significant for the 
DVC control using 5L-SVM technique compared to DVC 
using 5L-NSVM (See Figs. 23-25).  

The THD value of rotor current in the DVC control 
using 5L-NSVM inverter has been minimized 
significantly (See Figs. 21-22). Table 2 shows the 
comparative analysis of THD value. Thus it can be 
concluded that the proposed DVC control using 5L-
NSVM inverter is more robust than the DVC control using 
5L-SVM technique. 
 

Table 2  Comparative analysis of THD value (RT) 
 
 

 THD (%) 
DVC-5L-SVM DVC-5L-NSVM 

Rotor current 3.60 0.06 
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Fig. 18  Active power (RT) 
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Fig. 19  Reactive power (RT) 
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Fig. 20  Torque (RT) 
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Fig. 21  THD of rotor current for DVC-5L-SVM control (RT) 
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Fig. 22  THD of rotor current for DVC-5L-NSVM control (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 electromagnetic torque (RT) 
 

5. CONCLUSION 

This work presents a DVC control technique of a 
DFIG using a five-level neural space vector modulation 
compared to the conventional five-level SVM inverter. 
With results obtained from the simulation, it was clear that 
for the similar operation conditions, the DVC control with 
five-level NSVM inverter presents high-quality 
performance compared to the DVC control using a five-
level SVM strategy and that was clear in the THD of rotor 
current which the use of the five-level NSVM reduce the 
THD more than the classical five-level SVM technique. 
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