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1Abstract—This paper focuses on wind energy conversion 

system (WECS) analysis and control for power generation 
along with problems related to the mitigation of harmonic 
pollution in the grid using a variable-speed structure control of 
the doubly fed induction generator (DFIG). A control approach 
based on the so-called sliding mode control (SMC) that is both 
efficient and suitable is used for power generation control and 
harmonic-current compensation. The WECS then behaves as 
an active power filter (APF). The method aims at improving 
the overall efficiency, dynamic performance and robustness of 
the wind power generation system. Simulation results obtained 
on a 20-kW, 380-V, 50-Hz DFIG confirm the effectiveness of 
the proposed approach. 
 

Index Terms—Active filter, Doubly Fed Induction 
Generator, Power Quality, SMC, Power Quality. 

I. INTRODUCTION 
Due to its flexibility, stability and the fact that the 

associated power electronic converter requires only a 
fraction of the total power, the wind energy conversion 
system (WECS) using a DFIG has become very popular for 
variable-speed wind turbine generation [1]-[3]. In previous 
papers [1]-[3], different DFIG vector control schemes have 
been developed. In [1], the stator flux control of the DFIG 
using conventional PI regulators is presented, while in [2] 
and [3] direct torque control of the DFIG is outlined.  

However, the DFIG has to endure two types of 
interference during system operation: (a) external 
interference, which refers to load torque oscillations on the 
driving chain due to random variation of the wind speed and 
direction; (b) internal interference, which refers to the 
mismatch of controllers and machine parameters caused by 
changes in the generator temperature, magnetic saturation 
level and skin effect [4]. These two kinds of interference 
affect the working efficiency, dynamic performance, and 
robustness of the wind power generation system. In such 
circumstances, conventional controllers based on PI-
regulators cannot follow the changes in system parameters 
and are thus useless.  

Meanwhile, grids now have to deal with increasing 
harmonic pollution due to nonlinear loads such as power 
electronics converters and large AC drives, with the result 
that power quality has become a major challenge in 
integrating WECS into electrical grids. A few research 

groups have addressed the possibility of making use of built-
in WECS converters to improve grid power quality and 
achieve harmonic-current mitigation [5], [6]. 

 
 

More recently, the active power filter (APF) for wind 
turbines with synchronous generator has been studied [7] 
while in [8] a variable-speed WECS with a high-selectivity 
harmonic filter has been developed. 

An efficient and more suitable control approach based on 
sliding-mode control (SMC) is proposed in this paper for 
simultaneous power generation control and harmonic-
current mitigation. The SMC is a kind of nonlinear control 
method based on a state space model of a DFIG [9]. Control 
characteristics of the SMC could force the controlled 
variables to move along the scheduled track. Compared to 
PI control, the proposed approach offers a faster response 
and characteristics insensitive to parameter variation and 
interference [10], [11]. 

The paper is organized as follows: section II presents the 
entire system under study. The state modelling, control 
strategy and design of the SMC approach are dealt with in 
section III while section IV focuses on harmonic 
compensation. In section V, results of simulations to 
validate the proposed DFIG control framework are 
presented and discussed. Finally, section VI concludes the 
study and announces future steps in our work presented in 
this paper. 

II. DESCRIPTION AND MODELING OF THE SYSTEM 
The basic configuration of the whole system is presented 

in Fig.1. The rotor of the DFIG is connected to the grid 
through two back-to-back bridge converters. The PWM 
grid-side converter (GSC) is used to control the DC-link 
voltage and keep it constant regardless of the magnitude and 
direction of the rotor power. The PWM rotor side converter 
(RSC) is used to generate the optimal active power 
depending on the wind speed and turbine characteristics. 
The SMC can be modified in the rotor side converter taking 
into account the active filtering function. In this case, the 
RSC will take on the role of an active parallel filter (APF) 
and is required in order to mitigate the harmonic pollution. 
The particularity of this system, therefore, is its ability to 
simultaneously capture maximum energy from the wind 
fluctuation, control the active and reactive power and 
compensate the grid harmonic currents. The transformer is  
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Fig. 1. Schematic representation of DFIG-based wind turbine 
 

considered to be linear (magnetic saturation is not taken 
into account in the study). Also, it is assumed that the 
average PWM back-to-back converters have no losses. The 
rotor side converter (RSC) model reproduces the reference 
voltages generated by the control scheme. 

The electrical equations of the wound-rotor induction 
machine in the d-q reference frame are as follows [12]: 

qdss
dqs

dqssdqs dt

d
IRV ϕω

ϕ
Ξ++=

                                                              
(1) 

qdrr
dqr

dqrrdqr dt

d
IRV ϕω

ϕ
Ξ++=

                                                         
(2) 

With: 

dqrdqssdqs IMIL +=ϕ                                                                                                   (3) 

dqsdqrrdqr IMIL +=ϕ                                                                                                 (4) 
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Ξ
−⎡ ⎤

= ⎢ ⎥
⎣ ⎦                                                                                                                          
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Subscripts d and q refer to the d- and q-axes respectively 
and subscripts s and r to the stator and rotor of the DFIG 
respectively; sω  and rω (in rad/s) are the stator and rotor 

variable pulsations respectively; , and dq dq dqV I ϕ are voltage 

current and flux vectors respectively in the d-q reference 
frame; and  are stator and rotor resistances; and 

are the stator and the rotor leakage inductance and 
sR rR sL

rL M is 
the magnetizing inductance. Ξ  is the coupling-axes matrix 
The electromechanical equation is expressed by: 

0 e r

d
J f T

dt

Ω
+ Ω = −  T                                                                                                  (6) 

⎟
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⎝
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Where  is the number of the pole pair,  mechanical 

torque,  electrical torque,  the inertia constant, Ω rotor 

speed, and

p rT

eT J

0f is the friction coefficient. 

III. CONTROL STRATEGY OF THE DFIG 
DFIG 
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A.  Decoupling of the active and reactive powers 
In an aim to decouple the active and reactive power, the 

stator flux vector will be aligned with the q-axis. So, by 
neglecting the stator resistance and assuming that the stator 
flux is maintained constant, we then have: 

ds
ϕ

⎩
⎨
⎧

=≈

=

sdssqs

ds

VV

V

ϕω

0
                                                                                                               (

From

8) 

 equations (3) and (4), the stator currents and rotor flux 
can be written as: 
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                                                                                                                   (12) qrqr IrLδϕ =  

δ  is the Blondel dispersion coefficient, defined as: 

)1(
2M

rs LL
−=δ

                                                                                                                    
(13) 

By substituting tor the equations (11) and (12) in (2), the ro
voltage equations become: 
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From equations (14) and (15) it is observed that the d red esi
rotor currents drI and qrI  can be fixed by the rotor 

voltagesV andV  respectively. The coupling term 

Lδ can  com nsated in the control strategy. The term 
dr qr

r  be pe

s

s
sls L

Mϕ
g ω represents the electromotive force. 

Consequently, the two rrent components and rotor cu drI qrI  

are decoupled. The active and reactive power can theref  
be controlled separately from the rotor reference currents. 
The torque, the stator active and reactive powers are 
expressed by: 

ore

qrs
s

e I
L

M
PT ϕ=

                                                                                                                
(16) 

s
qrssqsqsdsdss L

M
I).I ωϕ−=VI(VP +=

                                            
(17) 

drsss
s

s
qsdsdsqss IQ =

Eq
sL

M

L
).IVV(V ωϕω

ϕ
−=−

2

                            
(18) 

uations (17) and (18) show that the rotor refer
currents can be derived from stator power ref us, 

ence 
erences; th
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the analysis of DFIG in the d q− system yields the 
following properties (summarized in Table1). 
The previous system equations can be organized in the state 
form (19) which will be used to design the SMC power 

FFERENT MODE PROPERTIES OF DFIG CONTROLS 
Function with 

controllers.
   

TABLE I. DI
Control of 

Speed (tr/mn) )(gfN =  ls

Electromagnetic Torque )( qre IfT =  

Stator Active Power )( qrs IfP =  
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=                                                                                  (19) 

With: 
      

[ ]
qrdrqsds

VVVVU =                                                                                                      (20) 

T
qrd

⎥
⎤ϕ                                                                               

drqsds
dtdt

d
dt

d
dt

dx
⎥
⎦

⎢
⎢

⎣

⎡
= ϕϕϕ.

(21)

 

 
                       

( )

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

r

r

L

L
txg

σ

σ

1
000

0
1

00

0010

0001

,

                                                                   

(22)

                              23) 

 

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

2221

1211,
ff

ff
txf                                                                      (

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+++

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+−=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+++

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
+−=

−
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
+−−=

+
⎟⎟
⎟

⎠

⎞⎛

⎜⎜
⎜

⎝
+−−=

qs
s

drrdsr

qs
s

qrr
r

ds
s

qrrdsr

qs
s

qrrr
r

dssdsrsqss

qssqsrsdss

V
Ls

M
ILrcR

V
Ls

M
IrLRb

L
f

V
Ls

M
ILscR

V
Ls

M
ILRb

L
f

V
Lss

M
qrILcRRaf

V
Lss

M
drILcRRaf

ω
δωϕ

ω
δ

δ

ω
δωϕ

ω
δ

δ

ϕω
ω

δϕ

ϕω
ω

δϕ

L

L

1

1

22

21

12

11

  

(24) 

                                                         

(25) 

B. Design sliding mode control (SMC) 
SMC is basically an adaptive technique whose o

variable is forced to track the de fers 
ss, good dynamic 

ov

utput 
sired response. It of

s
L

a
σ

1
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r
L
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σ
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r
L

s
L

M
c

σ
=

  

several advantages, such as robustne
response and simple implementation. In addition, it involves 
an important aspect related to the stability even for large 
supply load variations, where the power system stability has 
been recognized as an important problem for secure system 
operation [5]. 

Many papers have been proposed for controlling WECSs 
with DFIG [1],[2]-[13] but, in many of these studies, the 
system stability analysis is not included. In contrast to 
classical control methods using PI controllers, ensuring 
system stability after severe network disturbances is one of 
the main advantages of the SMC developed in this paper. 
[14]. 

The basis of the SMC theory is the specification of a 
sliding surface: the surface is chosen such that the control 
features will keep the system within the surface and, hence, 
follow the desired system behavior. The objective of this 
control technique is to determine the parameters of each 
structure together with the commutation functions. 
Switching from one structure to another makes it possible to 
reap the benefits of each structure. 

In general, four basic steps are required when designing 
the SMC: a) selection of a sliding surface; b) design of a test 
to verify the sliding-mode existence; c) stability analysis 
within the surface; d) determination of the control 
input nU with the objective that every state outside the 
commutation surface should be joined in a finite time. Thus, 
the system will take on the dynamics of the selected surface 
and m e on to the point of equilibrium. 

The desired control vectors force the trajectory of the 
system to converge towards the surface defined by: 

0)( =xdqσ                                                                                          (26)                                          

ose
gene

m s respectively. The choic
parameter

In order to control the output current of the inverter, a 
suitable sliding surface is chosen, which is directly affected 
by the switching law. This sliding surface is ch n in 

 hyper plants through the origin of space. ral as We 
define the sliding surface in the Park reference as follows: 
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easured rotor current vector e of 
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n orde arantee 

to the 
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dq  

 stability of the system at a given 
time. I r to gu the attraction of the system 
throughout the surface (guaranteeing the sliding mode’s 
existence), the following condition must be fulfilled: 
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From (23) we have: 
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with the condition of the existence of the sliding mode: 
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Equation (25), showing the boundary conditions, implies 
that the field vector g is not orthogonal to the normal vector 
of the surface, so g has no component vertical to the surface 
σ  and the state of the system cannot return to this surface 
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In order to obtain good dynamic performances and 
commutation around the surface, the control vector is 
modified as shown below:

UUU −= (33) 

                                                                                     (34) 

is valid o  the 

slid global sliding-mode 
control is illustrated i

ig. 2. General diagram of simulation and control of DFIG by the SMC 

. MODIFIED RSC CONTROL FOR HARMONIC 
OMPENSATION 

re 
enough to provide compensation for harmonics, reactive 
power, and/or the neutral current in AC networks. It has 

r
ns, control strategies, and solid-state 

de

 nly for the sliding surface and nU ensures

neq                                                                                                                       
nU  is the Signum function defined by: 
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ing mode’s existence. The DFIG 
n detail in Fig.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
F

IV
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The power active filter (PAF) technology is now matu

evolved in the past qua ter century of development with 
varying configuratio

vices. PAFs are also used to eliminate voltage harmonics, 
regulate terminal voltage suppress voltage flicker and 
improve voltage balance in three-phase systems [16]. This 
wide range of objectives is achieved either individually or in 
combination, depending on the requirements as well as the 
control strategy and configuration, which have to be selected 
appropriately. This section describes the ability of the DFIG 
to have exactly the same behaviour as an APF.  

A. Harmonic compensation 
The presence of nonlinear loads on the grid is 

accompanied by the generation of pulling currents (Fig 1). 
The current supplied by the grid is defined by: 

grN LI I I= −
                                                                                                                          

(35) 

grI , gI
, LI are the grid, the generator and the load currents 

respectively. The load current LI can be organized as 
follows: 
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order to ensure good power quality without any distortion (a 
sinusoida
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I I are the harmonic and the fundamental currents. In 

l grid current), the RSC is used as an active parallel 
filter (APF) and, as such, it provides harmonic currents with 
an e

in 
sation signals, three steps are indispensable: 1) 

mensioning of APF devices, 2) appropriate 
entification algorithm, and 3) 
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qual magn Lh site
phase. 

B. Harmonic identification 
Good harmonic identification is required to have good 

compensation. Thus, in order to obta the desired 
compen
appropriate di

itude load harmonic current I and oppo  

selection of the harmonic id
propriate design of the control unit allowing generation of 

the switching orders. 
A time-domain harmonic detection method is used for 

harmonics isolation (Fig. 3). This technique, applied in an 
APF for the first time by Akagi [17] and known as the 
‘instantaneous power p–q theory’, consists in extracting 
harmonics from the load currents by the computation of 
instantaneous power p–q in theαβ reference. 

The transformation of the currents αβ/abc  is given by: 
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ig. 3. Diagram of the p-q instantaneous powers theory 
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V. SIMULATI
To demonstrat

sliding-control
using MATLA

                                                                                                             

ence 
onics in the grid are given by: 

drdrhdrt III +=     (45) 

qrqrhqrt III +=                                                                                                                        (

Equations (39) and 
currents in each axis. The SMC produces the corresponding 
reference voltages generated by the rotor side converter. 

ON RESULTS 
e the pertinence of the proposed DFIG 

 approach, simulations have been performed 
B/ SIMULINK software on a 20-kW, 380-V, 

50-Hz wound-rotor induction machine with the following 
parameters:  

 
H.M 0340= , Ω= 0455.0Rs , Ω= 19.0Rr , HLs 07.0= ,

Hr 0213.0= 0024.0
0
=f , 2.53.0 mkgJs =  

A. Dynamic behaviour of the DFIG 
 

L

a) First, the power reference values are changed at t=1s 
from -10 kW o -15 kW fo the active p wer (Fig. 4a), and 
at t=2s from -5 kVA to 0 kVA for the reactive power (Fig. 
4c).The simulation results show the step change of the rotor 
q-axis current at t=0.8s (Fig. 4b) while the step change of 

4d). The decoupled d-q 
tor currents guarantee the decoupled active and reactive 

po

pply and the 
flo

ontrol during an AC voltage dip but, 

 t r o

the d-axis current occurs at t=1s (Fig.
ro

wers, as previously announced in section IV. 
b) In the second stage, a voltage dip fault that is 50% 

lower than the rated value is produced at t=3.5s followed, 
after 300 ms, by a fault clearance at t=3.7s. Figures 4a-4h 
show the transient behavior of powers, currents, torque, and 
speed during the voltage dip. Voltage dips are generally due 
to short circuits somewhere in the grid, switching operations 
associated with temporary disconnection of a su

w of large currents during the start-up of large motors. 
Figures 4e and 4f show transient states during a voltage dip 
of the electromagnetic torque and the speed respectively, 
while Figs.4g and 4h illustrate the stator and rotor currents 
respectively. 

It was found that, during an AC voltage dip, the most 
critical situation, when both rotor speed and stator active 
power output were at their maximum values prior to the AC 
fault, a high rotor speed value generates a higher peak 
voltage on the rotor side of DFIG. 

A large-magnitude voltage from the converter is required 
for adequate c
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d. Rotor current Idr 

 
e.Electromagnetic torque 

 
f. Speed 

 
g. Phase stator current 

 
h. Phase rotor current 

iour of DFIG with SMC during a voltage dip Fig. 4. Dynamic behav

 

 
Fig. 6. Grid current during connection of the polluting load and APF 

 
Fig. 7. Stator current during connection of the polluting load and APF 

 
Fig. 8. Rotor current during connection of the polluting load and APF 

 a. 
Load harmonic current reference for the harmonic compensation 

 
b. Load harmonic current reference reported on the rotor 

Fig. 5. Load current 
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c.Rotor current reference for the power. 

 
d. Total rotor current reference. 

Fig. 9. d-axis current references 
 

 

 
a. Load har onic current reference for compensation m

 
b. Load harmonic current reference reported on the rotor 

 

 
c- Total reference rotor current command. 

 
Fig. 10. q-axis current references 

 
 

 
Fig. 11. FFT and Zoom on load currents. 

 

 
Fig. 12. Zoom on grid currents and FFT after connection of polluting load 
without control. 

 

 c.Rotor current reference for the power Fig. 13. Zoom on grid currents and FFT after connection of polluting load 
with APF control. 
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Fig. 14. Zoom on stator current and FFT after connection of polluting load 
with APF control. 

unfortunately, only a limited voltage can be generated by the 
converter. In addition, the clearance time has a great effect 
on the FRT capability of the WECS. System stability is 
maintained during voltage dips. The SMC makes a good 
contribution in this way. Without the voltage limit, the 
voltage dip can cause a high stator current (Fig.4e) and, 
hence, a high induced voltage and current in the rotor circuit 
(Fig.4h). which could destroy the converter if nothing is 
done to protect it. 

In the literature, authors have proposed connecting an 
additional resistance to the rotor, called a “crowbar”. At the 
moment of the fault occurrence, the crowbar connected to 

e Figs.9 and 10 show the harmonic 
re

hese harmonics (by modifying the SMC). 
lculation, the THD of the grid current is 

 general 
pe
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ility. 
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present paper with ned to thoroughly 
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[13] 

[14] 

 

[16] Active Filters for 

[17] 
g Switching Devices Without Energy 

 

the rotor and the rotor-side converter must be disconnected. 
The problem with this protection system is that it can be 
applied only for symmetrical faults; in addition a highly 
reactive power will be absorbed by the DFIG, resulting in 
grid disturbances. 

B. Active filtering 
For this simulation, the voltage is kept constant. A 

polluting load is connected at t=3 s (Fig.5), while the active 
filter control turns on at t=3.2 s. Figures 6, 7 and 8 illustrate 
the behaviour of the grid, stator and rotor currents, 
respectively, whil

ferences (according to  the d- and q-axis respectively) 
identified and injected into the rotor side converter. 

The total load harmonic distortion (THD) = 28.19% is 
shown in Fig.11. With this polluting load, the grid current 
has a THD=17.5% (Fig.11). 

This pollution causes a distortion signal for other users 
connected to the PCC. The active filtering capability of the 
DFIG can reduce t
Using the THD ca
improved from 17.5% to 7.5% (Figs. 12 and 13). However, 
Fig.14 shows the DFIG current ( gI ) in this active filtering 

case with THD=6.5%. 
A dilemma arises between the value to be compensated 

and the value of the total harmonics produced by the 
generator. However, high harmonics in the rotor and the 
stator of the DFIG will have a large effect on the

rformance and life duration of DFIG.  

VI. CON
The focus of this paper has been on the SMC as a means 

of ensuring high DFIG dynamic performances. A novel 

approach is proposed for improving the power quality of the 
grid using a WECS based on a DFIG. The paper also 
describes an attempt to improve DFIG control in order to 
achieve active and reactive green power sources along with 
an active filtering capab

Simulation results clearly attest to the effectiveness of the 
DFIG sliding control and filtering framework analysis. 
However, it has been shown that high-frequency currents are 
injected on the rotor and stator sides of the DFIG. This 
appears to be a real problem for full harmonic compensation 
of the system. For future work, after validation of 

 actual data, it is plan
plore reliable solutions for harmonic current injection 

following application of the proposed SMC control 
approach. 
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