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Abstract
Traditional direct vector control (DVC) compositions which consist of proportional-integral (PI) regulators of a doubly fed induction
generator (DFIG) driven have several disadvantages such as parameter variation problem, low dynamic performances and poor
robustness. Therefore, based on examination of the DFIG model supplied by new modulation method, this work addresses a fourlevel space vector modulation (SVM) based on neural networks (NSVM). The conventional DVC control with SVM strategy has large
ripples on the electromagnetic torque, harmonic distortion of rotor current, stator reactive and active powers developed by the
DFIG-based wind turbine systems (WTSs). In order to resolve these problems, the DVC technique with NSVM strategy is proposed.
Simulation results show the effectiveness of the proposed control technique especially in electromagnetic torque, power ripples and
robustness against parameters variations.
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1 Introduction
The main objective of this article is the studying of the
four-level space vector modulation (4L-SVM) and fourlevel neural space vector modulation (4L-NSVM) strategies applied to the DFIG therefore; our work is organized
as follows:
• The first part is devoted to the description and modeling of wind turbines based on physical equations
responding operation.
• In the second part, we present a mathematical model
of the DFIG, the model will simulate generator mode.
• The third is devoted to the study of the technical
modulation strategy 4L-SVM and 4L-NSVM strategy of the DFIG.
2 Turbine model
The WT input power is given by [1, 2]:
3
Pmax = 0.5 ρπ R 2Vvent
.

				

(1)

3
Pm = 0.5 ⋅ C p ( λ ) ⋅ ρπ R 2Vvent

λ=

			

(2)

R ⋅ Ω1
(3)
V1 					

 −C 
C

C p ( β , λ ) = C1  2 − C3 ⋅ β C4  exp  5  + C6 λ
λ
 i

 λi 

(4)

1
1
0.035 				
(5)
=
− 3
λi λ + 0.08β β + 1
Where, C1 = 0.5176, C2 = 116, C3 = 0.4, C4 = 5, C5 = 21,
C6 = 0.0068.
ρ: The air density.
Vvent : The wind speed (m/s).
Pmax : The maximum power in (watts).
R : The radius of the turbine in (m).
Cp : The aerodynamic coefficient of power.
λ : The tip speed ratio.
β : The blade pitch angle in a pitch-controlled wind turbine.

The mechanical power can be written as:
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3 Modeling of the DFIG
In the literature, the Park model of the DFIG is the widely
used [3-5]. The equations of voltages and fluxes for the
DFIG rotor and stator in Park orientation structure are
given by:
d

		
Vds = Rs I ds + dt ψ ds − ωsψ qs

V = R I + d ψ − ω ψ
s qs
qs
s ds
 qs
dt
.

V = R I + d ψ − ω ψ
r dr
dr
r qr
 dr
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Vqs = Rr I qr + d ψ qr − ωrψ dr
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The rotor and stator flux can be expressed as:
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The stator active and reactive powers can be written as:
3

 Ps = 2 (Vds I ds + Vqs I qs )
(8)
.

3
Q = (Vqs I ds − Vds I qs ) 				
 s 2
The torque is given by:
Te = pM ( I dr ⋅ I qs − I qr ⋅ I ds )
Te = Tr + J ⋅

			

(9)

dΩ
(10)
+ f ⋅Ω
dt
				

Vdr and Vqr : is the rotor voltages.
Vqs and Vds : is the stator voltages.
Idr, and Iqr : is the rotor currents.
Ids and Iqs : is the stator currents.
ψdr and ψqr : is the rotor fluxes.
ψds and ψqs : is the stator fluxes.
Lr : is the inductance own rotor
Ls : is the inductance own rotor
M : is the mutual inductance.
Rr : is the resistances of the rotor windings.
R s : is the resistances of the stator windings.
ωs : is the electrical pulsation of the stator .
ωr : is the electrical pulsation of the rotor.
Tr : is the load torque.
Te : is the electromagnetic torque.
Ω : is the mechanical rotor speed.
J : is the inertia.
f : is the viscous friction coefficient.
p : is the number of pole pairs.

Ps : is the stator active power.
Qs : is the stator reactive power.
4 Four-level NSVM inverter
In modulation strategies, the space vector modulation
(SVM) is widely used in control AC machine drives. This
strategy is based on the principles of space vectors and
requires the calculation of sector and angle [6, 7]. However,
this modulation strategy is detailed in [8-10]. In this work,
we propose a new SVM modulation of four-level NPC
inverter based on calculation of maximum and minimum of
voltages. However, this strategy is detailed in [11, 12]. On
the other hand, the advantage of the proposed SVM technique that it does not need to calculate the sector and angle,
is simple to implement and produces a strong performance
for the real-time feedback control. The SVM strategy block
represents the four-level inverter model as shown in Fig. 1.
In order to improve the four-level SVM performances,
a additional use of the artificial neural networks (ANN)
is proposed. The principle of neural space vector modulation (NSVM) is similar to conventional SVM strategy.
The difference is the use ANN to replace the hysteresis
comparators. As shown in Fig. 2.
A neural network (NN) is newly getting increasing
stress in drive control applications. The main advantage
of the NN controller it is that is easy to implement the
control and that it has the capability of generalization [13].
The block diagram of NN based hysteresis comparators
is shown in Fig. 3. The structure of Layer 1 and layer 2 is
shown in Fig. 4 and Fig. 5 respectively.
A summary of the convergence of the network obtained
by using the value of the parameters is depicted in Table 1.
The four-level NSVM strategy gives more minimum of
THD value, minimize power ripples, simple scheme and
easy to implement compared to classical SVM.
ψ s = Ls I ds + MI dr
(11)

 0 = Ls I qs + MI qr 				

Fig. 1 Four-level SVM strategy
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Table 1 Parameters of the LM for hysteresis comparators
Parameters of the LM

Values

Number of hidden layer

08

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

The stator active and reactive powers and the electromagnetic torque are articulated in the Park frame as
follows.
5 The DFIG active and reactive powers control
In this section, we choose a dq reference frame coordinated with the stator flux (See Fig. 6) [14]. By setting the
stator flux linkage vector aligned with d-axis, and neglecting Rs we can write [15-17]:

ψ qs = 0, ψ ds = ψ s 				 (12)
Ps = −Vs ⋅
Qs = Vs ⋅
Te = p

Fig. 2 Four-level NSVM strategy

M
⋅ I qr 					 (13)
Ls

Vs2 M
⋅ I dr 				 (14)
Ls Ls

M
I qrψ ds . 					 (15)
Ls

Fig. 7 represents the direct vector control (DVC) technique of DFIG driven by a four-level NSVM inverter.
However, DVC control is simple scheme and easy to implement. The interior block of DVC control is shown in Fig. 8.
6 Simulation results
The DVC control of a DFIG is implemented with simulation tools of MATLAB/Simulink. The DFIG (1.5 MW) is

Fig. 3 The ANN controller

Fig. 4 Layer 1

Fig. 5 Layer 2

Fig. 6 Field oriented control strategy

Fig. 7 Block diagram of DVC control with NSVM
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attached to a 398 V/50 Hz grid. Parameters of the DFIG
are given in Table 2 [18-20]. Both control techniques, DVC
using 4L-SVM and DVC control using 4L-NSVM strategy are simulated and compared with respect to current
harmonics distortion, reference tracking and robustness
against DFIG parameter variations.
The DVC with neural space vector modulation reduces:
the ripples on the stator active and reactive powers, on the
electromagnetic torque and the THD value of rotor current.
6.1 Reference tracking test (RTT)
Figs. 9-16 show the obtained simulation results. As it’s
shown in Figs. 9-12, for the three DVC control strategies,
the active stator power (Ps) and reactive stator power (Qs)
tracks almost perfectly their references values (Psref and
Qsref ). Moreover, the DVC control using four-level NSVM
technique minimized the powers ripples and electromagnetic torque (Te) ripple compared to the DVC using SVM
strategy (See Figs. 12-14). Figs. 15-16 show the THD of

rotor current of the doubly fed induction generator for both
DVC control schemes. It can be clearly observed that the
THD value is minimized for DVC using four-level NSVM
strategy (THD = 0.50%) when compared to DVC using
SVM (THD = 0.65%).
6.2 Robustness test (RT)
In this section, the nominal value of the Rr and R s is multiplied by 2, the values of inductances Ls, M, and Lr are
multiplied by 0.5. Simulation results are presented in
Figs. 17-24. As it’s shown by these figures, these variations
present an apparent effect on the reactive stator power, stator active power, and electromagnetic torque curves and
that the effect appears more significant for the DVC using
SVM technique compared to DVC using four-level NSVM
(See Figs. 20-22).
The THD value of rotor current in the DVC using
4L-NSVM strategy has been minimized significantly (See
Figs. 23-24). Table 3 shows the comparative analysis of

Table 2 The DFIG parameters
Parameters

Rated Value

Unity

P

1.5

MW

Vs

398

V

Fs

50

Hz

P

2

Rs

0.012

Ω

Rr

0.021

Ω

Ls

0.0137

H

Lr

0.0136

H

M

0.0135

H

J

1000

Kg m 2

f

0.0024

Nm.s/rad

Fig. 9 Active power (RTT)

Fig. 10 Reactive power (RTT)

Fig. 8 Structure of DVC control scheme

Fig. 11 Electromagnetic torque (RTT)
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Fig. 12 Zoom in the active power (RTT)

Fig. 16 THD of rotor current for DVC-4L-NSVM control (RTT)

Fig. 13 Zoom in the reactive power (RTT)

Fig. 17 Active power (RT)

Fig. 14 Zoom in the electromagnetic torque (RTT)

Fig. 18 Reactive power (RT)

Fig. 15 THD of rotor current for DVC-4L-SVM control (RTT)

Fig. 19 Torque (RT)
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Fig. 20 Zoom in the active power (RT)

Fig. 24 THD of rotor current for DVC-4L-NSVM control (RT)
Table 3 Comparative analysis of THD value (RT)
THD (%)
Rotor current

DVC-SVM

DVC-NSVM

2.37

2.15

Fig. 21 Zoom in the reactive power (RT)

THD value. Thus it can be concluded that the proposed
DVC using 4L-NSVM technique is more robust than the
DVC using 4L-SVM strategy.

Fig. 22 Zoom in the torque (RT)

Fig. 23 THD of rotor current for DVC-4L-SVM control (RT)

7 Conclusion
This work presents a DVC control scheme of a DFIG using
a new modulation technique based on four-level SVM and
neural networks controller compared with the traditional
four-level SVM strategy. The simulation results showthat
for similar operation conditions, the DVC control scheme
with four-level NSVM strategy presents high-quality performance compared to the DVC control using a four-level
SVM technique and that was clear in the THD of rotor
current which the use of the four-level NSVM reduces
the THD more than the conventional four-level SVM
technique.
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