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Abstract 

The primary objective of this paper is to implement a sensorless 
indirect stator field oriented control (ISFOC) of induction motor 
drive with rotor resistance tuning. Indeed, the proposed method 
for simultaneous rotor speed and rotor resistance estimation is 
based on Luenberger observer (LO). In order to estimate the 
rotor speed and the rotor resistance, an adaptive algorithm based 
on Lyapunov stability theory by using measured and estimated 
stator currents and estimated stator flux is proposed. The 
suggested control scheme, as a result, achieves a sound 
performance with computational complexity reduction obtained 
by using the analytical relation to determine the LO gain matrix. 
Again, the observer is simple and robust, when compared with 
the previously developed observers, and suitable for online 
implementation. For current regulation, however, this paper 
suggests a conventional Proportional-Integral (PI) controller with 
feed-forward compensation terms in the synchronous frame. 
Owing to its advantages, an Integral-Proportional (IP) controller 
is used for rotor speed regulation. The design, analysis, and 
implementation for a 3-kW induction motor are completely 
carried out using a dSpace DS 1104 digital signal processor 
(DSP) based real-time data acquisition control (DAC) system, 
and MATLAB/Simulink environment. Digital simulation and 
experimental results are presented to show the improvement in 
performance of the proposed algorithm. 
Keywords: Stator flux orientation control (ISFOC), Sensorless 
vector control, rotor resistance estimation, feedforward 
decoupling, induction motor drive, Luenberger state-observer 
(LSO). 

1. Introduction 

Due to their high performances in terms of reliability, 

robustness and efficiency, the adjustable ac-motor drives 
are increasingly adopted in most industrial applications 
such as military, aerospace and automotive industries [1]. 
The aforementioned qualities have been researched and 
improved by using intelligent and sophisticated control 
methods based on the field oriented control (FOC) because 
it adjusts both the amplitude and phase of ac-excitations. 
The vector control technique has been widely used for 
high-performance induction motor drives where the 
knowledge of the rotor speed is necessary. This 
information is provided by an incremental encoder, which 
is the most common positioning transducer used today in 
industrial applications [2, 3].  
The use of this sensor implies more electronics, higher cost, 
lower reliability, difficulty in mounting in some cases such 
as motor drives in harsh environment and high speed 
drives, increase in weight, increase in size, and increase in 
electrical susceptibility. 
To overcome these problems, in recent years, the 
elimination of the transducers has been considered as an 
attractive prospect. Therefore, numerous approaches have 
been proposed to estimate the rotor velocity and/or 
position.  
In hottest literature, many researchers have carried out the 
design of sensorless vector control induction motor drives. 
These methods, definitely, are based on the following 
schemes:  
Model Reference Adaptive System (MRAS): [4, 7].  
Extended Kalman Filters (EKF): [8, 10].  
Extended Luenberger observer (ELO): [12, 17]. 
Newly fuzzy logic and neuronal networks observers [18, 
19]. 
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Indeed, some of these methods require specially modified 
machines and the injection of disturbance signals or the use 
of a machine model. Otherwise, all other methods for 
speed estimation using a machine model fed by stator 
quantities are parameter dependent; therefore, parameter 
errors can degrade the speed control performance. Thus, 
some kind of parameter adaptation is required in order to 
obtain high-performance sensorless vector control drive. 
At very low speed, indirect stator-flux-oriented control 
(ISFOC) of induction motor drive is particularly sensitive 
to an accurate rotor resistance value in the stator flux. To 
prevail over this problem, online tuning rotor resistance 
variation of the induction motor is essential in order to 
maintain the dynamic performance of a sensorless ISFOC 
drive. Recently, many works dealing with drives without 
shaft transducers have been developed using different 
approaches to estimate rotor speed and rotor resistance [11, 
20]. Most of these approaches require additional sensors 
that were not strictly used in standard ISFOC drive; thus, 
increasing cost and complexity may rule out practical use. 
In the very paper, we suggest a contribution to the issue of 
sensorless indirect stator-flux-oriented control (ISFOC) of 
IM drive with rotor resistance tuning. The rotor speed and 
rotor resistance is estimated by the designed-observer by 
relying on the measured and estimated stator currents and 
estimated stator fluxes. As a matter of fact, this observer is 
designed to simultaneously estimate the rotor speed, the 
rotor resistance, the stator flux and the stator currents. In 
this respect, the singular perturbation theory is used to get 
a sequential and simple design of the observer, and the flux 
observer stability is ensured through the Lyapunov theory. 
Afterwards, a full description and justification of the 
proposed algorithm is given and its performances are 
tested by simulations and experiments. Although related 
algorithms have previously been presented, the following 
contributions are believed to be new. First, the dynamic 
and steady-state performances are analyzed. Excellent 
behaviour is verified in most cases.  Second, the use of the 
stator field oriented control and a general framework is 
developed.  
This paper is organized as follows: in Section 2, we briefly 
review the indirect stator-flux-oriented control (ISFOC) of 
induction motor drives. The procedure design proposed to 
simultaneous rotor speed and rotor resistance estimation is 
described in Section 3. Experimental and simulation results 
are presented in section 4. Finally, in Section 5 we give 
some comments and conclusions. 

2. Stator Flux Orientation Strategy 

For ISFOC, the stator flux vector is aligned with d-axis and 
sets the stator flux to be constant equal to the rated flux, 
which means sdsΦ = Φ  and 0qsΦ = . 

2.1 Induction Motor Model 

The dynamic model of an induction motor can be 
represented according to the usual d-axis and q-axis 
components in synchronous rotating frame as 

( )
1

Rs s r ss rv p i L ids ds s sl qsr rs r

τ τ στ τ
σ ω

τ ττ τ
+ Φ

= + − −
+

 
  
 

 (1) 

( )
1

Rs s r s rv p i L i sds qs s sl ds rr s r

τ τ στ τ
σ ω ω

τ τ τ

+
= + + + Φ

+

 
  
 

 (2) 

1
1 1

p Lr r s slLs i is ds qsp pr r

στ στ ω
τ τ

+
Φ = −

+ +
 (3) 

1Ls pr isl qsL ir s s ds

στ
ω

τ σ
+

=
Φ −

 (4) 

T n ie p s qs= Φ  (5) 

Where s rslω ω ω= − ; 
Lr

r
Rr

τ = ; 
Ls

s
Rs

τ = ; and 
2

1
M

L Ls r
σ = −   

It can be perceived that if the stator flux is kept constant, 
the torque can be controlled by the q-axis current. 
The electromagnetic torque equation and the electrical 
angular speed motor are related by: 

( )
d rJ f n T Tr p e l

dt

ω
ω+ = −  

 
(6) 

2.2 Feedforward decoupling controller 

It can be seen that the d-axis and q-axis voltage equations 

are coupled by the terms sL is sl qs r
σ ω

τ
Φ

− −  and  

L i ss sl ds rσ ω ω+ Φ . These terms are considered as 
disturbances and are cancelled by using a decoupling 
method that utilizes non-linear feedback of the coupling 
voltages. If the decoupling method is implemented, the 
voltage equations become [18]. 

( )
1

Rs s r s rv v e p id ds d dsr s r

τ τ στ τ
τ τ τ

+
= + = +

+

 
  
 

 
 

(7) 

( )
1

Rs s r s rv v e p iq qs q qsr s r

τ τ στ τ
τ τ τ

+
= + = +

+

 
  
 

 
 

(8) 

Where se L id s sl qs r
σ ω

τ
Φ

= + and e L i sq s sl ds rσ ω ω= − − Φ  ; 

ed and eq  are, respectively, the d-axis and q-back 
electromotive force (EMF).  
Hence, the dynamics of the d-axis and q-axis currents are 
now represented by simple linear first-order differential 
equations. Therefore, it is possible to effectively control 
the currents with a PI controller.  
In Fig. 1, kii  and kip  denote the proportional and integral 
gains of the PI d, q axis current controller, respectively. 
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( )G pd , ( )G pq  are the no decoupling electrical d, q axis 

transfer functions of the induction machine. It should be 
noted that the estimated values, denoted by ^, are 
introduced to cancel out the coupling terms in the 
induction motor model.  
If we assume that the back EMFs are canceled by the 
feedforward compensation term, we obtain 

( ) ( )
1

KcG p G pd q pcτ
= =

+
 (9) 
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Figure. 1 Block diagram of the conventional PI controller with feed 
forward decoupling method. 

Where 
)(

rKc Rs s r

τ
τ τ

=
+

 is a gain and r s
c s r

στ τ
τ

τ τ
=

+
 is a time 

constant. 
The closed-loop current transfer function is 

( )
( )

( )
( )

2
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This allows us to write 
2
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(11) 

Where 
K kc ii

n
c

ω
τ

=  and 
1

2

K kc ip

n c
ξ

ω τ

+ +
= .  

nω and  ξ  indicate the natural frequency and damping 
ratio, respectively. When the dynamics of the d- and q-axes 
currents are equivalent, the PI gains can be copied to the q-
axis controller. 

3. Adaptive Luenberger Observer  

3.1 Flux observer of induction motor 

The state model of the induction motor can be described in 

a rotating reference frame by: 

{ ( ) ( ) ( )
( ) ( )

x t x t v ts
y t x t
= +

=

A B
C

  
 

(12) 

The adaptive full observer for the estimation of the stator 
current and the stator flux, using the measured stator 
currents and voltages, is described by the following set of 
equations: 

[ ]{ ( ) ( ) ( ) ( ) ( )
( ) ( )

x t x t v t y t x ts
y t x t

= + + −
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A B L C
C

  
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Where ^ alludes to the estimated values, ( )x t
is the 

observer state vector and L  is the observer gain matrix 
which is selected so that the system will be stable. 

3.2 Luenberger Observer Gain Design  

To ensure that the estimation error vanishes over time for 
any (0)x  , we should select the observer gain matrix L  so 
that ( )A - LC  is asymptotically stable. Consequently, the 
observer gain matrix should be chosen so that all 
eigenvalues of ( )A - LC  have real negative parts. 
To ensure stability for all ranges of speed, the conventional 
procedure is to select the observer poles proportional to 
the motor poles (the proportionality constant is 1kp  ). If 
the poles of the induction motor are given by IMλ , the 

observer poles LOλ  are selected as: 

k p IMLOλ λ=  (14) 
This can be achieved by defining the observer matrix L  in 
a special form 

1 2
3 4

l l
l l

+
= =

+
   
     

I J L2 1L
I J L2 2

 
   
(15) 

To determine the eigenvalues of the matrix A , we use: 
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In order to simplify the equation we define 

a rγ ω= −I J2  ; 
1 1

b r
L Ls r s

ω
σ τ σ

= − +I J2  et c Rs= I2  

The characteristic equation of the matrix A is then 
2

0a bcIM IMλ λ+ − =    (17) 
To determine the eigenvalues of the matrix ( )A - LC  
det( ( ))
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Hence, the characteristic equation is 
2

( ) ( ) 0a b cLO LOλ λ+ + − + =L L1 2  (19) 
The substitution of Eq. (16) in (21) yields  

2 2
( ) ( ) 0k k a b cp pIM IMλ λ+ + − + =L L1 2  (20) 

The identification of Eq. (22) and 2 *pk (19) gives the 
following results: 
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2
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04
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l k Rp s

l
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ω

= −

= −

= −

=






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(21) 

3.3 Adaptive Flux Observer for Speed Estimation 

When the motor speed is not measured, it is treated as an 
unknown parameter in the observer (13). By adding an 
adaptive scheme for estimating the rotor speed to the 
observer, both states and unknown parameters can be 
estimated simultaneously. The adaptive scheme is derived 
using Lyapunov theory. From (12) and (13), the estimation 
error of the stator and rotor flux is given by the following 
equation: 

( ) ( )e e x= + +A LCΔA  (22) 

Where e x x= −  ; 
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0 0

Lr r
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ω ω
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
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r r rω ω ω∆ = −   
We define a Lyapunov function candidate V  

2
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V e e
T r r
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ω ω

λ

−
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Where λ  is a positive constant and 

[ ]e i i e e en s s s s is s= − Φ − Φ = =Φ   Γ
  

With Γ  a nonsingular matrix 
For the derivation of the adaptive mechanism, the 
unknown parameter 

r
ω  is considered constant. The time 

derivative of V becomes 
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The adaptive scheme for speed estimation is given by: 

( ) ( )
0

r

t
K e e K e e dts s s i s i s iP Is s sr r

ω β α α β αω ωβ α β
∫= Φ −Φ + Φ −Φ

     
 
(25) 

The adaptive flux observer is stable according to the 
Lyapunov direct method if the observer gain is chosen 
such that the first term of (24) is negative semidefinite. 
This condition is fulfilled if the eigenvalues of Γ(A+LC)Γ-

1 
have negative real parts. Since the eigenvalues of 
Γ(A+LC)Γ-1 equal the eigenvalues of (A+LC) (Γ is 
nonsingular), the observer should have stable poles. 

3.4 Adaptive Flux Observer for Speed and Rotor 
Resistance Estimation 

Due to temperature changes during operation, the IM stator 
resistance and rotor resistance will vary. The proposed 
adaptive observer can be extended to include rotor 
resistance estimation. When both rotor resistance and 
speed are treated as unknown parameters of the observer, 
the estimation error of the stator and rotor flux is 
calculated from (12) and (13) and is provided by the 
following equation. 

( )e e x x′= + + +A LCΔA ΔA         (26) 
Where  

R Rr r
L L Lr rsσ σ

∆ ∆
−

′ =
 
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A Lyapunov function candidate V ′  is defined as follows: 
2 2 2
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and its time derivative is 
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The adaptive scheme for rotor resistance estimation is 
found by equating the second and third term in (28) 
 

( ) ( )

( ) ( )
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t
K e Lsi e Lsi dti s s i s sIR s sr
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(29) 

The structure of the proposed adaptive observer for speed 
and rotor resistance estimation is shown in Fig. 2. 
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Figure. 2 Block diagram of combined speed and rotor resistance 
estimation. 

4. Simulation and experimental results 

In this section, some simulation and experimental results 
are presented to evaluate the effectiveness of the proposed 
control scheme for an induction motor. Figure 3 shows the 
block diagram of the proposed sensorless ISFOC with 
rotor resistance tuning of induction motor drive system. 
The bloc diagram consists of an induction motor, a PWM 
voltage source inverter, a field orientation algorithm, a 
coordinate translator, and a speed controller. 
To implement the proposed sensorless ISFOC with rotor 
resistance tuning of induction motor drive, an experimental 
testing ground was carried out. It is essentially composed 
of: 
• An induction motor a 3-kW whose parameters are 

listed in appendix. 

• A static power electronics convertor from semikron 
composed of a diode rectifier and a three-leg voltage 
source IGBT inverter. 

• Current sensors of Hall. 
• A dSpace DS 1104 ACE Kit with control desk software 

plugged in a Pentuim 4 personal computer. 
For the implementation of the proposed sensorless ISFOC 
ISFOC with rotor resistance tuning of induction motor 
drive, an experimental has been carried out (Fig. 4). The 
sensorless ISFOC algorithm which is programmed with 
Matlab-Simulink and downloaded in the dSpace 1104 
control board offers a four-channel 16-bit (multiplexed) 
ADC and four 12-bit ADC units. A sampling period of 
50μs is selected and the insulated gate bipolar transistors 
(IGBTs) are working at a switching frequency of 10 kHz 
with a dead time of 20μs. The load is generated through a 
magnetic powder brake coupled to the induction motor. 
The output control signals of the Slave I/O PWM are of 
TTL level 5V, whereas IGBTs of the static inverter must 
receive signals of 15V. Additionally, an adaptation 
interface board using the integrated circuit IR2130 from 
International rectifier is realized. 
In order to check the validity of the implementation of 
ISFOC with rotor resistance tuning of induction motor 
drive using dSpace DS 1104 control board, some 
simulation and experimental works have been performed. 
The flux is kept constant at its rated value 1.21Wb. The 
first aim of the present simulation and experimental results 
is to test the performance of the sensorless ISFOC with 
rotor resistance tuning of induction motor drive system for 
a reference speed ±1000 rpm with load torque equal 20 
N.m applied and removed at t = 6.5 and 16.5 s, 
respectively. 
 

IP Speed Controller
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* d and q-axis current      
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Figure.3 Block diagram of sensorless (ISFOC) with rotor resistance 
tuning of induction motor drive system. 
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Figure.4 Scheme used for experimental setup. 

The IP speed controller is designed to stabilize the speed 
control loop. Moreover, the gains of the IP controller are 
determined by using a design method to obtain a damping 
ratio of 1.  
As a first test, Fig. 5 shows the simulation and 
experimental results for sensorless (ISFOC) with rotor 
resistance tuning of induction motor drive. Accordingly, 
when the speed command changes from zero to (1000 rpm) 
in forward rotation, it changes to reverse direction of the 
same speed.  
In Figs. 5(a) and (b), the simulation and experimental 
results of the reference, estimated and actual rotor speed, 
and in Fig. 5(c) and (d), simulation and estimated results of 
d-axis and q-axis stator flux, are presented. The estimated 
d, q components of stator flux are obtained from the stator 
voltage model of induction motor in d, q reference frame. 
Besides, simulation and measured results of d-q axis 
currents are given in Figs. 5(e) and (f). Fig. 5(g) and (h) 
shows, respectively, simulation results and experimental of 
estimated rotor resistance.  
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(h) experimental 

Figure.5 Experimental and simulation results of sensorless (ISFOC) (no 
load) with rotor resistance tuning for reversing speed reference from 

1000rpm to -1000rpm. 

As a second test, some simulation and experimental results 
for sensorless (ISFOC) with rotor resistance tuning of 
induction motor drive are presented in Fig. 6 for 1000 rpm 
speed reference command and a load torque of 20 N.m is 
applied and removed at t=6.5 and 16.5s, respectively. In 
Figs. 6(a) and (b), the simulation and experimental results 
of the reference, real and estimated rotor speed, and in Figs. 
6(c) and (d), the simulation and estimated results of d-axis 
and q-axis stator flux, are presented a load torque variation. 
In Figs. 6(e) and (f), the simulation and experimental 
results of d-q axis currents are presented. Furthermore, the 

simulation results and measured stator phase currents are 
given in Figs. 6(g) and (h). Figs. 6(i) and (j) show, 
respectively, the simulation results and measurement of 
load torque and q-axis stator current. Fig. 6(k) and (l) 
shows, respectively, the simulation and experimental 
results of estimated rotor resistance. 
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(l) Experimental 

Figure.6 Experimental and simulation results of sensorless (ISFOC) (with 
load torque of 20 N.m applied at 6.5 s) with rotor resistance tuning the 

speed command is 1000 rpm 

In steady state operation, it should be noted that in Fig. 6(c) 
and (d) the d-axis stator flux builds up to the rated value 
(1.21 wB) by d-axis stator current, while q-axis stator flux 
and current components remain zero. This shows that a 
decoupling between stator flux and the torque is achieved. 
It should also be noted that we have considered the stator 
resistance to be constant. However, like stator resistance, 
rotor resistance also depends on temperature. It is clear 
that an improvement of high performance sensorless speed 
control requires tracking changes in stator resistance. 

5. Conclusions 

In this paper, one has validated the online simultaneous 
estimation of speed and rotor resistance in sensorless 
indirect stator flux orientation control of induction motor 
drive system based on Luenberger observer. In other words, 
the complexity of the algorithm is reduced by using 
analytical relations to obtain directly the Luenberger 
observer (LO) gain matrix as a function of the electrical 
velocity and the proportional constant. The validity of the 
proposed sensorless ISFOC of induction motor drive with 
rotor resistance tuning was also proven by simulation and 
experiments for a wide range of speed. More importantly, 
all experimental results confirm the good dynamic 
performances of the developed drive systems and show the 
validity of the suggested method. It is concluded from the 
results presented in this paper that the proposed scheme 
performs well for both high and low speed. 

Appendix 

List of motor specification and parameters: 220/380V, 
3kW, 4 poles, 1430 rpm 

2.3Rs = Ω ; 1.55Rr = Ω ; 0.261L L Hs r= = ; 0.245M H= ; 
1

0.002 . .f Nm s rd
−

= ; 2
0.03 .J kg m= .  
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