
Abstract – The non-adaptive speed and position estimation of 
a doubly-fed induction generator (DFIG) is presented in this 
paper. The speed observer is based on the mathematical model 
of DFIG and to stabilize the structure the Lyapunov method is 
used. The classic stator field-oriented control to active and 
reactive power control is used in the sensorless control system. 
The performance of the proposed algorithm of a speed observer 
is validated by simulation and experimental results using the 2 
kW generator. The stability analysis of the presented solution is 
confirmed by using the Lyapunov method and practical stability 
theorems.  

Index Terms—Doubly fed induction generator (DFIG), 
sensorless control, state observer. 

I. NOMENCLATURE

isx,y stator current vector components, 
irx,y stator current vector components, 
urα,β rotor voltage vector components, 
usα,β stator voltage vector components, 
ωr rotor angular speed, 

r  rotor position, 

Rr, Rs rotor and stator resistances, 
Lm mutual-flux inductance, 
Ls, Lr stator and rotor inductances, 
Te electromagnetic torque, 
TL load torque, 
J machine torque of inertia, 
τ relative time, 

r̂ estimated rotor position, 

ˆ
r estimated rotor electrical speed, 

r rotor speed error, 

r rotor position error, 

“^” estimated values, 
“~” error of estimated values, 
(x, y) coordinate system is associated with any 

angular speed. 

II. INTRODUCTION

he rotor speed and position estimation are widely 
studied in the literature. These methods can be divided 
into two main groups: the open-loop and the close-loop. 

In the open-loop position estimators, the rotor currents are 
measured and processed in different reference frames. The 
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value of the rotor position is calculated by comparing the 
components of the current [1]-[4]. The second group is the 
close-loop estimators based on the different models of the full 
or reduced-order observers. In addition to classic solutions 
such as nonlinear full order observers [5]–[6], extended 
Luenberger observers [7], extended Kalman filters [8], MRAS 
[9]–[10] there exist the methods of observers or controls 
named “robust”. The group of robust estimators includes: 
based on backstepping [11], the interconnected observers [12], 
and above all based on the sliding-mode techniques [13]. A 
large group of solutions are algorithms based on the model 
reference adaptive system (MRAS) approach [9]-[10], [14]. 
The algorithm of MRAS can be realized in different variations 
when the selected state variable is specified in stator or rotor 
co-ordinates. The rotor position is determined by using the 
adaptive law.  

In the literature [1]-[14] the various control methods are 
proposed. The most popular methods are based on the stator 
flux orientation and is named field-oriented control (FOC) [6], 
[10]-[11]. Alternative to FOC is the direct power control 
proposed in [15]. The nonlinear control approaches have also 
been used in the DFIG system, such as feedback linearization 
via the backstepping [16] and sliding mode control [18]. The 
circuit (windings) of the DFIG generator can be modeled by 
using the approach presented in [19]. 

In this paper there is proposed the observer structure which 
is based on the DFIG mathematical model [11], however, the 
values of rotor speed and rotor position are not obtained by 
using the adaptive law but the non-adaptive approach. The 
rotor position is calculated by using the introduced to observer 
internal variables. The rotor position can be determined by 
using the simple integrator structure and additional stabilizing 
law. The proposed solution was validated by using the 
simulation and in the experimental setup with the 2 kW DFIG 
connected to the rotor side by the voltage source converter and 
to the AC-grid by the stator side. The classical FOC control 
structure is used to control the active and reactive stator 
powers. The properties of the FOC control system of DFIG 
are presented. 

III. MATHEMATICAL MODEL OF DIFG

The mathematical model of DFIG can be determined in the 
stationary reference frame or rotating frame by the differential 
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equations for the rotor and stator current vector components 

 ( ) ( )sx s m
s sx sx r m sy r ry r rx rx

di L L
R i u L i L i R i u

d w w 



       ,  (1) 

 ( ) ( )sy mr
s sy sy r m sx R rx r ry ry

di LL
R i u L i L i R i u

d w w 




       , (2) 

   ( )rx s m
r r ry m sy r rx rx s sx sx

di L L
L i L i R i u R i u

d w w 



       , (3) 

 ( ) ( )ry s m
r r rx m sx r ry ry s sy sy

di L L
L i L i R i u R i u

d w w 



      ,  (4) 

  1
( )mr

rx sy ry sx L r r
r

Ld
i i i i T f

d JL J





    . (5) 

where (x, y) coordinate system is associated with any angular 
speed and it is assumed that (1)–(2) are connected to the 
stationary stator windings so the angular speed of the (x,y) 
system is 0a  , fr is the friction. 

In the theoretical investigations, it is assumed that all the 
DFIG parameters are known and constant, the rotor speed is 
estimated by the observer structure. In the FOC control system 
urx, ury are treated as the control vector variables and usx, usy, 
isx, isy and irx, iry components are treated as measured and 
transformed to the adequate (x, y) reference frame. 

IV.   SPEED OBSERVER STRUCTURE OF DFIG 

Considering the mathematical model dependences (1)–(4) 
the observer structure for the DFIG can be obtained similar to 
[11] for the rotor current vector components and for the 
introduced to the structure new variables marked as Hx, y: 

ˆ
ˆ( ) ( )rx s m

y r rx rx s sx sx rx

di L L
H R i u R i u v

d w w 
       ,  (6) 

ˆ
ˆ( ) ( )ry S m

x r ry ry s sy sy ry

di L L
H R i u R i u v

d w w 
      ,  (7) 

ˆ
ˆˆ ( )x

r y r rx rx Hx

dH
H R i u v

d



     , (8) 

ˆ
ˆˆ ( )y

r x r ry ry Hy

dH
H R i u v

d



    ,  (9) 

ˆ
ˆr

r

d
v

d 





  , (10) 

where estimated state variables are marked by “^” and 
ˆ ˆ

r rd

d T

 






 and  

( )x r m sx r rxH L i L i  , (11) 

( )y r m sy r ryH L i L i  . (12) 

The observer structure contains the following stabilization 
functions vrx, vry and vHx, vHy, v which can be obtained by 
using design procedure based on the Lyapunov theorem. 
 The first step of the proposed procedure is to determine the 
deviations model of the structure (6)–(10). Considering (3)–
(4) and (6)–(9) as well as (11)–(12), denoting the estimation 
errors by “~”, one can obtain 

rx s
y rx

di L
H v

d w
  

  ,  (13) 

ry s
x ry

di L
H v

d w
 


 ,  (14) 

ˆ ( )x
r y r rx Hx

dH
H R i v

d



   

   , (15) 

ˆ ( )y
r x r ry Hy

dH
H R i v

d



  


  ,  (16) 

r
r

d
v

d 





 


 , (17) 

where  
ˆ ˆ,rx rx rx ry ry ryi i i i i i     , ˆ ˆ,x x x y y yH H H H H H     . (18) 

The next step of the procedure is to stabilize the structure 
(6)–(10) through the introduced functions vrx, vry and vHx, vHy. 
The Lyapunov function for the observer system deviations is 
proposed 

2 2 2 2 21
( )

2 rx ry x y rV i i H H         > 0,   (19) 

and must be positively determined. 
The derivatives of the Lyapunov function is 

   2 2

ˆ ˆ

x rx y ry rx x rx rx y ry ry

s s
x r r rx ry Hx y r r ry rx Hy

V c i c i i c i v c i v

L L
H R i i v H R i i v

w w 

 

       

   
         

   

     

    
.

 (20) 
The proposed observer structure will be asymptotically 

stable if 2 0V   and if the stabilizing functions introduced to 

the structure are determined 

rx x rxv c i   ,  (21) 

ry y ryv c i   ,  (22) 

ˆ( )s
Hx Hx ry r r rx

L
v c i R i

w

    ,  (23) 

ˆ( )s
Hy Hy rx r r ry

L
v c i R i

w

   , (24) 

where (cx, cy, cHx, cHy, c) > 0 are the observer tuning gains and 

rv c    . (25) 

The speed observer structure will be asymptotically stable 
if (21)–(25) is satisfied. In the sensorless control, the rotor 

speed is not measured therefore the deviation r  in (25) 

should be replaced by H , which means the deviation between 

the estimated values of Hx and Hy, calculated from (11)–(12) 
and estimated from the observer structure by using (8)–(9) as 
follows [11] 

 1tanH  ,  (26) 

where 
ˆ ˆ

ˆ ˆ
x y y x

x x y y

H H H H

H H H H






 and ˆ ˆ( ) 0x x y yH H H H  .  (27) 

For (cx, cy, cHx, cHy, c) > 0, it can be proved that the 
estimation errors defined in (18) are decayed to zero in finite 
time and the estimation values are converged to their real 
values. It means that the derivative of Lyapunov function is 

, 2V V       for 0   and the values of errors (18) 

are bounded. By virtue of the theorem presented in [12] the 
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speed observer structure is practically stable. Considering (11)
–(12) and after some calculations, the rotor speed can be 
estimated from the following dependence  

2 2

ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ( )
ˆ

ˆ ˆ
x rx y ry f x ry y rx

r
rx ry

H H c H H   


 
  




,  (28) 

where  
ˆˆrx m sx r rxL i L i   , (29) 

ˆˆ
ry m sy r ryL i L i   , (30) 

cf  0 and 2 2ˆ ˆ( ) 0rx ry   . 

The tuning gains in the experimental stand are chosen: cx 
=cy = 10, cHx = cHy = 5 p.u., c = 0.1 and cf = 15 p.u. 

The control system structure is presented in Fig. 8. There is 
the classical FOC presented in [1-4]. In the next section, the 
theoretical dependences are confirmed by using simulation 
and experimental research.  

V.   SIMULATION RESULTS 

 The simulation model of the DFIG system contains the 
doubly-fed machine model, wind emulators, and the VSI 
model with the space vector modulation (SVM). The sample 
period for the control system is 150 s and for the SVM is 300 
s. The system parameters are presented in Table 1.  
 In Fig. 1 the active power (sp) is changed from -0.1 to -0.35 
after 100 ms (reactive power (sq) is set to -0.6) and after 400 
ms the active and reactive powers are changed together - sp to 
0.35, sq to 0.2 p.u. The estimation error of rotor speed is 
smaller than 0.01 in the steady-state and about 0.015 in the 
transient state. The rotor position error is about 0.012 in the 
steady-state and about 0.017 in the transient state. The rotor 
current components ird, irq are shown. 
   

 
Fig. 1. Active and reactive power changes 
 

In Fig. 2 the active power sp is set to 0.02 p.u. and reactive 
power sq is set to -0.6 p.u. The rotor speed of the DFIG is 
changed from the sub-synchronous to super-synchronous 
mode. During the rotor speed crossing through the 
synchronous speed (1.0 p.u.) the estimated speed error is 

increased. The error of rotor position is almost constant and 
about 0.01 p.u. 

In Fig. 3 the estimation error of rotor current vector 
components, rotor flux vector component (connected to 

stator), estimated r̂  and measured rM  rotor position, rotor 

position error r , estimated rotor current vector components 

in the steady-state. The stator active power is set to -0.35 p.u. 
and the stator reactive power is -0.6 p.u.   
 

 
Fig. 2. Crossing from sub-synchronous to super-synchronous working mode 

 

 
Fig. 3. Estimated variables from the speed observer in steady-state and their 
errors (sub-synchronous) – index “S” means connected to the stator 
 
 The simulation results confirm that the speed observer 
structure reconstructs the estimated rotor position and rotor 
speed with small errors and the structure is stable even 
crossing through the synchronous rotor speed. In the next the 
experimental results are presented.  
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VI.   EXPERIMENTAL RESULTS 

Experimental results were carried out in a 2 kW generator 
system (Table I in Appendix). The control system was 
implemented in a digital signal processing driver board with a 
Sharc ADSP21363 floating-point signal processor and Altera 
Cyclone II FPGA. The PWM switching frequency was 6.6 
kHz. The code of the algorithm was not optimized for a DSP 
processor. The experimental stand contains the DFM 
connected to the squire cage induction machine. The stator of 
DFM was supplied to the AC grid. The rotor was connected to 
the AC-grid through the VSC [17].  

 

 
Fig. 4. Rotor speed and error of a rotor angle position in response to a step 

from -0.1 to -0.35 of stator active power, reactive power set to -0.7 p.u., _H f  

is the filtrated value of (26) 
 

 
Fig. 5. Rotor speed and error of a rotor angle position in response to a step 
from -0.7 to -0.4 of stator reactive power, active power set to -0,1. 

 
Fig. 4 and 5 show the observer's algorithm response to the 

change of the generator operating point. 

In the first case, a step change of the set active power was 
forced. However, in the second one, the value of the 
magnetizing component of the stator current was changed by 
setting the value of the reactive power from -0.7 to a value 
equal -0.4 p.u. In both cases, shown in Fig. 4 and 5, in the time 
waveforms of the error of the rotor position error estimation 

r , there are visible oscillations, the amplitude of which 

depends on the value and character of the set reference 
reactive power.  

 Increasing the active power load of the generator has a 
positive effect on the performance of the speed observer 
whose estimation error does not exceed 5 degrees. 

 

 
Fig. 6. Characteristic speed observer waveforms for the crossing of generator 
rotor speed through synchronous speed.  
 

 
Fig. 7. The waveforms of the observer state variables for steady-state of the 
generator, active power set to -0.1, and reactive power set to -0.6. 
 

In Fig. 6, the rotation speed of the generator rotor increases 
from 0.7 to 1.25 as a result of increasing the external driving 
torque of the generator. The generator power control system 
works correctly, the values of active and reactive power set in 
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the control system are kept almost constant around reference 
values. The time waveforms presented in Fig. 6 refer to the 
unfavorable operating point with an underloaded generator. 

Fig. 7 shows the time waveforms of the estimated rotor 
speed as well as the components of the rotor current vector and 
the rotor flux vector in a stationary reference frame with 
respect to the stator in the steady-state of the system. 

VII.   CONCLUSION 

In the article, the algorithm of the speed observer and rotor 
position with a non-adaptive approach was presented. 
Validation of observer performance by simulation and 
experimental investigation was realized on a classic stator 
field-oriented control system. Errors in the estimation of the 
speed and angle of the rotor position depend on the values of 
active and reactive power set in the control system. The 
generator load with active power reduces the errors of the 
reproduced rotor speed and position angle, while the value and 
nature of the reactive power affect the oscillation amplitude of 
these errors. On the presented experimental results, the error 
of reproducing the rotor position angle in the worst case did 
not exceed 10-12 degrees, while in the case of a nominal 
loaded machine, its value oscillated below 5 degrees.  
The robustness on uncertainties of nominal parameters as well 
as influence the tuning gains observer structure stability are 
not considered in this paper and these will be studied in the 
future. 

VIII.   APPENDIX 

The control system structure with the proposed speed 
observer is presented in Fig. 8. 

 
Fig. 8. The vector control structure for rotor side converter 
 

The DFIG nominal parameters are presented in Table I. 
TABLE I 

DFIG PARAMETERS AND REFERENCE UNIT 

Symbol Quantity Values 

RsN stator resistance 2.833 Ω/ 0.067 p.u. 
RrN rotor resistance,  2.867 Ω/ 0.068 p.u. 

LmN magnetizing inductance 0.15 H/ 1.123 p.u. 
LsN, LrN stator and rotor inductance 0.164 H/ 1.1227 p.u 

L leakage inductance 0.014 H/ 
Pn nominal power 2 kW 
Ins nominal stator current 5.5 A 
Inr nominal rotor current 3.4 A 
Un nominal stator voltage 400 V 
N nominal rotor speed  910 rpm 
fn nominal frequency 50 Hz 
r Turn ratio Ns/Nr 1 
Ub=Un reference voltage 400 V 
Ib= 3 Ins reference current 9.52 A 

Sb reference power 3810 VA 
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