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Abstract
The Brushless Doubly Fed Induction Generator (BDFIG) is a great attraction nowadays thanks to its high reliability and 
high low voltage ride-through capability. In variable speed generation systems, the most used control techniques are the 
vector control, direct torque/power control. Vector control is highly sensitive to parameters variations, while the two others 
offer high amount of ripples reducing power quality. This paper therefore proposes a Sliding Mode Power Predictive Control 
(SMPPC) and an Indirect Model Power Predictive Control (I-MPPC) for a simple and efficient power control of the BDFIG. 
The SMPPC takes current components in the αβ frame as sliding surfaces derived from the I-MPPC based on current pre-
dictions to track the desired active and reactive powers in the BDFIG. A cost function defined as currents’ quadratic errors 
is used to choose the appropriate voltage vector for control winding supply, and the Particle Swarm Optimization algorithm 
is used to determine the optimal gain for the SMPPC. Simulations on MATLAB/Simulink are carried out to show the effec-
tiveness of the control schemes as well as their robustness to some parameters variations. More so, power compensation is 
used to improve the capability of the control strategy to provide sinusoidal and balanced currents under unbalanced grid 
conditions. The proposed methods compared to direct power control show good performances in terms of total harmonic 
distortion reduction, low ripples and robustness, strengthening the idea of using the BDFIG as an alternative to new genera-
tion of wind energy conversion systems.

Keywords  Brushless Doubly Fed Induction Generator · Current prediction · Sliding mode control · Power compensation · 
Unbalanced grid

List of Symbols
Rp, Rc, Rr	� Power winding, control winding, rotor 

resistance
Lsp, Lsc, Lr	� Power winding, control winding, rotor 

self-inductance
Mp, Mc	� Power winding, control winding mutual 

inductance with rotor
Vsp, Vsc, Vr	� Power winding, control winding, rotor 

voltage
Isp, Isc, Ir	� Power winding, control winding, rotor 

current
φsp, φsc, φr	� Power winding, control winding, rotor flux
Te, Tr	� Electromagnetic, load torque

J, f	� Inertia, friction coefficient
P, Q	� PW active, reactive power

Subscripts
sp, sc, r	� Stator power winding, stator control winding, 

rotor
*	� Conjugate

1  Introduction

The rush to cheapest and more reliable sources of energy 
for power supply is a great challenge and even a neces-
sity nowadays. Among these types of energy, wind energy 
occupies a crucial place (Sergio et al. 2016; Xiaoyu et al. 
2018) thanks to the development of power electronics and 
electrical manufacturing machines. In variable speed opera-
tion schemes, wind energy conversion systems (WECS) are 
mainly driven by Doubly Fed Induction Generators (DFIG) 
(Ming and Yiing 2014; Saber et al. 2018). Nonetheless, one 
of its main drawbacks is the cost of maintenance actions 
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due to the presence of brushes and rings especially when 
offshore. In order to solve this issue, investigations are made 
on brushless machines, and as a result, the Brushless Doubly 
Fed Induction Machine (BDFIM) could be a good candi-
date (Henk et al. 2013; Tim et al. 2016). In fact, compared 
to a DFIG of same rate, the Brushless Doubly Fed Induc-
tion Generator (BDFIG) freed of brushes is more robust and 
reliable. It also has an improved low voltage ride-through 
capability and, due to its pole pair numbers, appears to be a 
medium speed drive candidate (Francisco et al. 2009; Shiyi 
et al. 2009; Henk et al. 2013; Tim et al. 2016).

To fulfil required conditions of operation in WECS, the 
BDFIG has to be under a good control strategy. Therefore, 
tremendous control strategies for the BDFIG have already 
been carried out. One can cite the most used technique to 
control electrical machines in practice known as vector con-
trol (VC), which has been investigated (Shiyi et al. 2009; 
Javier et al. 2009; Shiyi et al. 2013; Jiansheng et al. 2015).

However, VC needs rotary transformation, appropriate 
decoupling and proper adjustment of controller parameters 
to guarantee a fitting stability of the system over the whole 
operating range (Maryam et al. 2016; Xinchi et al. 2017). 
Moreover, the implementation of VC appears to be compli-
cated and time-consuming (Xuan et al. 2017). In addition 
to VC strategies commonly used, there are the direct torque 
control (DTC) and direct power control (DPC) methods 
which are used to manage the complexity of VC, based on 
the selection of a voltage vector predefined in a lookup table 
(LUT), selections which are not usually the best ones and 
subject to significant ripples.

More so, LUT in field-programmable gate array (FPGA), 
for example, could be affected due to its propensity to be 
subject to faults (Hadi and Hanieh 2017). All these reasons 
therefore lead us to think of other control techniques for 
the BDFIM. In this light, to strengthen the capability of the 
BDFIM as an alternative to the conventional DFIG, sliding 
mode control (SMC) has also been investigated for its con-
trol (Jiabing et al. 2010; Mohamed et al. 2017; Guanguan 
et al. 2017; Ramtin et al. 2018). Although SMC strategies 
are known to be very robust and fast, their stability are not 
always guarantee at a finite time and they are subject to chat-
tering effect (Ramtin et al. 2018).

In addition, a given wind power generation system has to 
cope with unbalanced grid condition which can occur in order 
to fulfil some grid code requirements. Hence, the behaviour of 
the BDFIG has to be investigated under unbalanced grid condi-
tions. This is very important, for example in developing coun-
tries where grids are generally weak (Gonzalo et al. 2010), 
and could therefore be severely affected in terms of efficiency 
as well as loads too (Jianping et al. 2018). In fact, unbalanced 

grid conditions can occur on a WECS due to unsymmetrical 
loads, transformer windings or transmission impedance and 
transitory faults (Eduard et al. 1999; David et al. 2008). This 
can lead to non-sinusoidal currents responsible of heating on 
stator PW and/or additional stress on the rotor shaft due to 
torque oscillation. In that sense, vector controls are proposed 
in Shiyi et al. (2013) and Jiansheng et al. (2015) with the study 
of the BDFIG in unbalanced grid condition with three and four 
targets, respectively. In Jiefeng et al. (2014), power compen-
sation with DPC is used to obtain sinusoidal currents under 
unbalanced grid conditions.

With the capacity of calculators nowadays, lesser time and 
space lickerish control techniques are needed to ensure a good 
control of electrical machines and BDFIG for instance. To do 
so, it has been shown in Venkata et al. (2015) that the predic-
tive control is a good candidate and exists in different types 
among which the model predictive control (MPC) is the best 
one (Jose and Patricio 2012). A predictive control technique 
has no need for linear regulators or modulators (Venkata et al. 
2015). It uses the plant system model to predict the behaviour 
of the controlled variables, and in some cases like in MPC, 
nonlinearity of the system can be introduced in the model (Jose 
and Patricio 2012; Xinchi et al. 2017) leading to a control 
scheme giving good results. The presentation of the Model 
Power Predictive Control (MPPC) on a Brushless Doubly Fed 
Twin Stator Induction Generator (BFTSIG) has been made 
in Xinchi et al. (2017) to show how effective the method can 
be in terms of dynamic performances and ripples reduction. 
This paper therefore steps forward to investigate power con-
trol of the BDFIG by proposing the so-called Sliding Mode 
Power Predictive Control (SMPPC) via an Indirect Model 
Power Predictive Control (I-MPPC) based on current predic-
tion to achieve a simple and accurate control of active and 
reactive powers which are current images. This is motivated 
by the fast dynamics of currents and their sensors which are 
widely used in practice. A Particle Swarm Optimization (PSO) 
algorithm is used to determine the optimal gain necessary for 
fitting the stability and fast convergence of the SMPPC. To 
evaluate its performance, comparisons with the DPC applied 
on the BDFIG are carried out. Aside, power compensation in 
Jiefeng et al. (2014) is used to overcome the unbalanced volt-
age issue when present. The paper is organized as follows: 
Sect. 2 is dedicated to BDFIG’s description and modelling. In 
Sect. 3, the proposed control schemes are presented as well as 
the PSO algorithm, while in Sect. 4, simulation results made of 
step changes, tests of robustness under speed and some param-
eters variation are carried out and the behaviour of the BDFIG 
with SMPPC and I-MPPC under unbalanced grid condition is 
investigated using an existing power compensation method to 
overcome it.
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2 � Machine Description and Modelling

2.1 � Description

Invented in the mid-eighties at Oregon State University, 
the Brushless Doubly Fed Induction Machine (BDFIM) is 
a machine made up of two-stator windings which has been 
widely studied (Stephen et al. 1997; Richard et al. 2006; 
Tohidi 2016). The BDFIM is an induction machine that can 
operate in the asynchronous and the synchronous mode, the 
latter being the best.

2.2 � Machine Modelling

As aforementioned, the synchronous mode is the most 
appropriate for the BDFIM in which the shaft speed is not 
directly linked to the torque and is expressed as follows:

where �r is the mechanical shaft speed, �p the PW’s angular 
frequency and �c the CW’s angular frequency.

In order to describe the behaviour of the machine, equa-
tions will be based on the works of Javier et al. (2006). The 
unified model of the machine in a generic dq axis is thus 
given by the following Eqs. (2) to (9):

Intentionally, the vector sign on complex quantities is 
replaced by the quantities written in bold to ease the reading.

In Eq. (4), V� = 0 . Equations (8) and (9), respectively, 
represent the electrical torque and the differential equation 

(1)�r=
�p + �c

pp + pc

(2)V�� = RspI�� +
�

�t
��� + j�a���

(3)V�� = RscI�� +
�

�t
��� + j(�a − (pp + pc)�r)���

(4)V� = RrI� +
�

�t
�� + j(�a − pp�r)��

(5)��� = LspI�� +MpI�

(6)��� = LscI�� +McI�

(7)�� = LrI� +MpI� +McI�

(8)Te =
3

2
ppIm

(
�∗

𝐬𝐩
⋅ I𝐬𝐩

)
+

3

2
pcIm

(
�∗

𝐬𝐜
⋅ I𝐬𝐜

)

(9)J
d

dt
�r = Te − Tr − f�r

giving the mechanical speed. The angular speed of the uni-
fied reference frame ωa is chosen according to the orienta-
tion of one of the three fluxes.

3 � Proposed Control Schemes

3.1 � BDFIG Model for Predictive Control

Based on PW flux orientation, the stationary αβ frame 
(where �a = �p = 0 ) is used for the description of the 
BDFIG. On that assumption, Eqs. (2) to (4) become:

From Eqs. (5) to (7), the following relation can be written:

where K and Kij ( i = 1, 3 and j = 1, 3) are given in “Appendix 
A”.

Choosing Isp, Isc and φsp as state variables, the machine 
model can be written in the following form:

with the elements �ij and �ij given in “Appendix B”.

3.2 � Indirect Model Power Predictive Control

The control scheme we are presenting uses current predic-
tion to constrain the machine to produce the desired powers 
(from which the active and the reactive powers are deduced). 
Hence, instead of directly controlling the active and reac-
tive powers, these will be controlled through PW windings’ 
current. To follow the desired active and/or reactive power, 
only the corresponding current needs to be tracked and it has 
been previously evaluated since the PW voltage is assumed 
to be fixed by the grid.

To present the control scheme, let’s express the complex 
apparent power S� in the PW fed by a three-phase grid by
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�t
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)
�r���

(12)V� = RrI� +
�

�t
�� − jpp�r��

(13)
⎡⎢⎢⎣

I��
I��
���

⎤⎥⎥⎦
= K

⎡⎢⎢⎣

K11 K12 K13

K21 K22 K23

K31 K32 K33

⎤⎥⎥⎦

⎡⎢⎢⎣

���

���

��

⎤⎥⎥⎦

(14)

⎡⎢⎢⎣
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where Pp and Qp are the active and reactive powers.
The differentiation with respect to time of Eq.  (15) 

leads to Eq. (16):

In fact, the reference apparent power is defined as fol-
lows according to Eq. (15) given a constant PW voltage as 
previously assumed:

Therefore, the deduction of the reference current utter-
ances in the (�, �) frame can be done as follows:

From the PW currents’ expressions, the PW current 
dynamics in the (�, �) frame from Eq. (13) is:

Then, the current dynamics becomes:

where �̇�� , �̇�� and �̇� are the derivatives of ��� , ��� and �� 
and obtained from Eqs. (2) to (4), thus:

w i t h  D1 = KK11  ,  D2 = KK13  ,  D3 = −KK12  , 
I� =

1

Mp

(
��� − L��I��

)
 and

Giving the current dynamic as a function on the form

and taking into account the sampling period Ts , the PW cur-
rent prediction equation at a given k + 1 time instant from 
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k time instant using discretization of the previous dynamic 
equation gives:

Then from this equation and the established references 
Eqs. (18) and (19), the cost function can be tuned from the 
expression:

In the present control strategy, the aim is to determine the 
voltages that minimize Cf  . Here, a two-level voltage source 
inverter (VSI) is used for an overall of eight voltages with 
two of them null. Figure 1 represents the schematic diagram 
of the proposed control strategy.

3.3 � Sliding Mode Power Predictive Control

3.3.1 � Sliding Mode Control principle

Sliding mode control (SMC) is a class of variable structure 
control (VSC) schemes known to be less sensitive to distur-
bances and parameter variations. They are used to constrain 
the system to stay on a defined or desired manifold.

Here is considered a class of systems described by 
equation:

where x ∈ ℝ
n (state vector), u is the control vector u ∈ ℝ

n , 
f (x, t) ∈ ℝ

n and B(x, t) ∈ ℝ
n×m.

Therefore, it is possible to define a set Ss of the state tra-
jectories x , called sliding surface such as:

Let’s note that one of the most used surfaces is that of 
Slotine (Slotine and Sastry 1983) described by:

where n is the system’s order, λ a positive constant and er 
the error vector (difference between the desired values and 
the obtained values)

In the classic SMC, two conditions must be satisfied:

Hence, the control laws satisfying them are written in 
the form:

(24)Ik+1
��

= Ik
��
+ TsF

(
I��, I��,V��,V��,���

)

(25)Cf =
||||Isp�ref − Re

(
Ik+1
��

)||||
2

+
||||Isp�ref − Im

(
Ik+1
��

)||||
2

(26)ẋ = f (x, t) + B(x, t).u(x, t)

(27)Ss = {x(t)|�(x, t)}

(28)�(x, t) =
(
d

dt
+ �

)n−1

er

(29)𝜎(x, t) = 0 and 𝜎̇(x, t) = 0

(30)u = ueq + un = ueq − ks ∗ sgn(�(x, t))
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where ueq is the equivalent control vector and un is the 
switching part of the control, while ks is the gain of the con-
troller strictly positive.

3.3.2 � Particle Swarm Optimization Algorithm

Particle Swarm Optimization (PSO) algorithm (Fig. 2) intro-
duced by James and Russel (1995) is a stochastic and itera-
tive evolutionary-type method with fast convergence. The 
PSO algorithm for continuous nonlinear optimization prob-
lems was found robust (Zwe-Lee Gaing 2004) and superior 
to other stochastic methods (Zwe-Lee Gaing 2004; Hiswe 
et al. 2019). It uses a population of individuals where each 
particle adjusts its flight according to its experience and the 
ones of its companions (Yuhui and Russel 1998). The fol-
lowing Eq. (31) describes the update of the speed and the 
position of each particle:

where �1,�2,�3 ∈ [0, 1] ; xip and xg are, respectively, for an 
ith particle and the swarm the best position from the first 
position and the best global position.

(31)
{

Vi+1 = �1Vi + �2

(
xip − xi

)
+ �3

(
xg − xi

)
xi+1 = xi + Vi+1

Fig. 1   Schematic diagram of the proposed control schemes; (i) needed for SMPPC

Fig. 2   PSO flowchart
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3.3.3 � Proposed Sliding Mode Power Predictive Control 
(SMPPC)

In this section, some of preview equations will be used. In 
that sense, the system described by Eq. (26) will be consid-
ered as the same in Eq. (14). The aim is to use the control 
strategy in Sect. 3.2 to define a new one choosing as sliding 
surface the PW currents in the αβ frame. Hence, Eq. (28) 
becomes:

where kI is a positive constant as previously said and which 
has to be thoroughly determined in order to force the error 
to tend to zero.

In our case, n = 2 leading to the following:

where dIsp
dt

 is given in Eq. (22).
Therefore, taking into account Eq. (24) where current 

can be predicted, this enables us to define a new cost func-
tion Eq. (34) which has to be minimized according to the 
selected voltage among the eight possibilities of the two-
level inverter:

4 � Simulation Results and Discussion

The SMPPC presented in the previous section uses the 
principle of the I-MPPC. The PSO algorithm was used to 
optimize the result of the SMPPC since the Lyapunov stabil-
ity condition gives just a range of the control parameter kI. 
Hence, an objective function minimizing the integral abso-
lute errors (Eq. 35) is defined:

where tsim is the simulation time and er is the error between 
the desired and the measured powers. The objective function 
of the preview parameter kI ensuring a convergence and a 
stability of the control is depicted in Fig. 3.

4.1 � Performances Under Step Variations

Simulation results of control strategies are carried out in 
per units (pu) on a BDFIG which parameters are given 
in Table 1. The PW is supplied on each phase by a 220 V 

(32)Ss =
(
d

dt
+ kI

)n−1(
Ispref − Isp

)

(33)Ss =

(
dIspref

dt
+

dIsp

dt

)
+ kI

(
Ispref − Isp

)

(34)Cf =
|||Re

(
Ss
)|||

2

+
|||Im

(
Ss
)|||

2

(35)OFITAE =
tsim

∫
0

||er||dt

constant voltage. The sampling period is Ts = 50 μs, the DC-
link voltage is 540 V, and the shaft speed is set at 0.86 pu. 
The active power moves from 0 pu to − 1 pu at 1.5 s and then 
steps again from the last value to the first at 2.3 s, while the 
reactive power steps from 0 to 1 pu at 1.7 s and from 1 to 0 
pu at 2.1 s.

Figure 4 gives tracking response of the system for the pro-
posed controls during step changes compared to the DPC 
proposed in Jiefeng et al. (2014). The three methods show 
good tracking of the desired values despite the high amount 
of ripples observed with the DPC as it can be seen in Table 2 
giving THDs, ripples and rising and descending time (tr and 
td).

The proposed schemes (SMPPC and I-MPPC) accord-
ing to quantities evaluated in Table 2 present lower THDs 
and power ripples than the DPC. In fact, one of the main 
drawbacks of the DPC is its high amount of ripples which 
does not make it affordable when power quality is privileged. 
The amount of ripples of the reactive power, for example, 
is almost divided by two under SMPPC. Both SMPPC and 
I-MPPC could be accurate for a BDFIG power control, but 
much better with the SMPPC which could be adequate to 
have less polluted grid thanks to THD values. However, in 
terms of rising and descending times the I-MPPC appears 
to be faster than the SMPPC. Else, brief peaks are observed 
during reference changes of active power on reactive power 
and vice versa in SMPPC and I-MPPC which is not the case 
with the DPC. To avoid those effects, a way is to operate 
step by step with small values. Globally, with these control 
schemes, active power or reactive power can be indepen-
dently controlled.

Fig. 3   PSO algorithm objective function convergence

Table 1   Parameters values

PW CW Rotor

Resistance (Ω) 1.732 1.079 0.476
Self-inductance (H) 0.7148 0.1217 0.1326
Mutual inductance (H) 0.2421 0.0598
Pole pair numbers 1 3
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4.2 � Test of Robustness

4.2.1 � Test Under Speed and Machine Parameters Variation

In order to evaluate other performances of the control 
schemes, the BDFIG is submitted to a speed variation as 
shown in Fig. 5 following a ramp from 0.8 to 1.2 pu. The 
active power is set to –1 pu, while the reactive power is null 

(Fig. 6). Good tracking (Fig. 6) of the desired values of the 
active and reactive powers for both I-MPPC and SMPPC is 
kept leading to the robustness to speed variations. The effect 
when crossing the synchronous speed (750  rpm) which 
implies the decrease in the CW frequency is also observed 
and does not affect the desired powers which are normally 
controlled.

Further performances of the BDFIG under the proposed 
control schemes are evaluated in resistances variations 
and little mutual inductance variations (which can occur 
because of heat, magnetic saturation or severe conditions 
of operation, etc.). A +50% change on PW, CW and rotor 
resistances and a +5% on mutual inductances are applied 
(Fig. 7). Here, step changes are operated on active power 
from − 1 to − 0.5 pu at 1.6 s and from − 0.5 to − 1 pu at 
2.3 s, while reactive power moves from 0 to 0.5 pu at 
1.7 s and from 0.5 to 1 pu at 2.1 s. It can be observed that 
good dynamics and static behaviours are kept although 
ripples are more pronounced when the parameter values 

Fig. 4   Active power, reactive power, PW currents and CW currents under step change a SMPPC, b I-MPPC, c DPC

Table 2   Simulation result 
quantities

P Q Isp

td (ms) tr (ms) ΔPrip (%) td (ms) tr (ms) ΔQrip (%) THD (%)

DPC (Jiefeng et al. 2014) 1.32 1.00 9.84 2.03 2.30 12.15 1.87
I-MPPC (this work) 2.14 1.10 7.56 1.31 1.96 7.32 1.28
SMPPC (this work) 1.8 1.15 6.56 1.40 1.72 6.65 1.25

Fig. 5   Rotor speed variation



643Journal of Control, Automation and Electrical Systems (2020) 31:636–647	

1 3

Fig. 6   Active power, reactive power, PW currents and CW currents under speed variation a SMPPC, b I-MPPC, c DPC

Fig. 7   Active power, reactive power, PW currents and CW currents under resistances variation (+ 50%) and mutual inductances variation (+ 5%) 
a I-MPPC, b MPPC, c DPC
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are increased. However, those ripples are visually higher 
with DPC than SMPPC and I-MPPC.

Both rotor speed variation and resistances variations 
have negligible or insignificant effects on desired values 
under the proposed control strategies.

4.2.2 � BDFIG Under Unbalanced Grid Voltage Conditions

Given an unbalanced three-phase system, it can be decom-
posed into three three-phase systems called zero sequence, 
positive (direct) sequence and negative (indirect) sequence 
all balanced and symmetric. Hence in the case of the 

BDFIG, the zero sequence of the currents and the volt-
ages is zero. Therefore in the �� frame, a quantity X is 
described as in Eq. (36):

where X is either the current or the voltage and φ+ and φ- are 
the phase shift for positive (+) and negative (−) sequence 
components. The technique to extract various components 
is also given in Lie et al. (2005) and expressed as follows:

Here, T is the signal fundamental frequency period.
In the present section, a 25% drop voltage on one phase 

is considered as shown in Fig. 8. Despite the good track-
ing of the desired powers (Fig. 9), the THDs (Table 3) 
clearly show how distorted and unbalanced the PW cur-
rents can be. To correct these currents, power compensa-
tion presented in Jiefeng et al. (2014) and summarized in 
Fig. 10 is used to obtain sinusoidal and balanced currents. 
This consists in eliminating the negative sequence of the 
PW current which appears when the grid voltage becomes 
unbalanced.

(36)
X��(t) = X+

��
(t) + X−

��
(t) = X+

��
.ej(�t+�+) + X−

��
.e−j(�t+�−)

(37)
X+
��
(t) = 0.5

(
X��(t) + j ⋅ X��(t − T∕4)

)

X−
��
(t) = 0.5

(
X��(t) − j ⋅ X��(t − T∕4)

)Fig. 8   Unbalanced grid voltage

Fig. 9   Active power, reactive power and PW currents under unbalanced grid voltage condition and power compensation a SMPPC, b I-MPPC, c 
DPC. (CUV: currents under unbalanced voltage; CAC: currents after compensation)
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There, Pcomp and Qcomp are the required active and reac-
tive power compensations, and Pcst and Qcst are the previews 
needed power references, while Pref and Qref are the new 
power references.

In Fig. 9, before compensation (that is before 2.5 s), 
active and reactive power references which are constants 
are well followed showing the accuracy of the control tech-
niques. However, PW currents become unbalanced with high 
amount of THD leading to the “pollution” of the system. 
Compensation technique is therefore applied at the time 
2.5 s, and the constant active and reactive powers which 
were constants become oscillating ones as depicted, and the 
tracking of references is ensured. As we can find on the PW 
currents represented in the αβ frame, a square is used to 
evaluate how the currents under unbalanced grid condition 
without compensation and after compensation are. Thus, a 
balanced three-phase system in the preview will present a 
circle shape within a square, while an unbalanced system an 
ellipse which will present outer part to the square. Compari-
son of different figures clearly shows that the DPC will lead 
to severe distorted currents, which is confirmed in Table 3 
by the THDs of the PW currents without and with power 
compensation under unbalanced grid condition. The drastic 
drop of THDs amount can be explained by the fact that using 

power compensation leads to oscillating power references. 
With the required powers, the SMPPC presents the lesser 
amount of THD than the others and a cleaner PW current 
could then be obtained.

5 � Conclusion

A Sliding Mode Power Predictive Control (SMPPC) and an 
Indirect Model Power Predictive Control (I-MPPC) are pro-
posed here for power tracking in a BDFIG and compared to 
the conventional DPC. These control techniques are based on 
current predictions obtained after defining currents’ dynamic 
and discretization. The appropriate voltage vector is cho-
sen among the eight vectors of a two-level inverter after the 
minimization of the corresponding cost function defined as 
the quadratic absolute current errors. With these approaches, 
suitable state behaviours are obtained for transient and steady 
state. The behaviour of the BDFIG is evaluated under some 
parameters variations. To strengthen its applicability for wind 
power generation systems, power compensation is used to 
obtain balanced and sinusoidal currents under an unbalanced 
grid condition. The SMPPC and I-MPPC offer cleaner power 
winding currents than the DPC in terms of THDs reduction 
enhancing the quality of the grid currents. The SMPPC or the 
I-MPPC could therefore be an alternative for power control 
of BDFIG by tackling especially problem of power ripples 
amount encountered under direct power control and grid pol-
lution by harmonics due to high amount of THDs.

Appendix A

K = 1∕
(
LspLscLr − LscM

2
p
− LspM

2
c

)

K11 = LscLr −M2
c
; K12 = K21 = MpMc; K13 = K13 = −LscMp

K22 = LspLr −M2
p
; K23 = K32 = −LspMc; K33 = LscLp

Table 3   PW current THDs 
before compensation (BC) and 
after compensation (AC)

SMPPC (this work) I-MPPC (this work) DPC (Jiefeng et al. 
2014)

BC AC BC AC BC AC

THDs (%) 9.30 1.48 9.09 1.49 9.03 2.09

Fig. 10   Power references determination based on power compensa-
tion
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