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Abstract— This paper presents stability analysis of 
simultaneous speed and stator resistance estimators for 
sensorless indirect rotor flux oriented control (IRFOC) 
induction motor (IM) drives. Design of the observer feedback 
gain to guarantee stability, is proposed. Closed-loop control 
systems of the independent use of the two estimators are 
developed. All gains of the adaptive PI controllers, based on 
Root-Locus method, are chosen to allow good tracking 
performance and fast dynamic response. Performance of the 
Luenberger State Observer (LSO) using the proposed feedback 
gain and adaptive PI controller gains, with a indirect rotor flux 
oriented control (IRFOC) induction motor (IM) drives, is 
verified by experimental results. The results show a good 
improvement in both the convergence and stability, which 
support the validity of the proposed analysis. 

Keywords—IRFOC, Sensorless control, Simultaneous 
estimation, feed-forward decoupling, Luenberger State 
Observer (LSO).  

NOMENCLATURE 

vqs , vds   q, d-axis stator voltage components. 

iqs , ids   q, d-axis stator current components. 

dsΦ , qsΦ  d, q-axis stator flux components. 

Rr , Rs   Rotor and stator winding resistance. 

Lr , Ls  Rotor and stator self-inductance. 

M  Mutual inductance. 
n p  Number of pole pairs. 

rω , sω   Rotor and synchronous angular speed.  

slω  Slip angular speed s rω ω− .  

Tl , Te   Load and Electromagnetic torque. 

J  Moment of inertia. 
f  Friction constant. 

rτ , sτ   Rotor and stator time constant. 
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k pω , k iω  Proportional and Integral gain of the IP 
speed controller. 

kip , kii  Proportional and Integral gain of the PI 
current controller. 

σ  Total leakage constant. 
*, ^  Reference and estimated value. 

I. INTRODUCTION 
ODERN industrial spectra show a growing interest in 
the use of motor drive systems. Such systems are fed 

by pulse-width modulation voltage source inverters (PWM-
VSIs). They are broadly utilized for variable-speed 
industrial operations; for instance, aeronautics, railway 
traction and robotics. 

Researchers have been seeking to improve the above-
mentioned qualities through the ingenious and intricate 
control techniques resting on the FOC. Such methods 
control both the amplitude and the ac-excitations phase. In 
the same context, in order to know the rotor speed of the 
high-performance IM drive, the vector control method has 
also been used. The incremental encoder is the most 
widespread positioning transducer and the most reliable in 
modern industry [1, 2]. It is the most likely to provide such 
information.  

Actually, when using this sensor, a long list of problems 
may arise. Indeed, among these problems we can cite the 
increasing cost, abundance of electronics, lack of reliability, 
and complex assembling. For example, the motor drives and 
high speed drives in harsh environment are cases in point. 
What is more, weight and size increase, and increase in 
electrical susceptibility are parts of the list of these 
problems. 

The problem of eliminating transducers has recently 
caught the attention of researchers. To remedy this problem, 
however, many approaches have been dedicated to the 
evaluation of the rotor velocity and / or position. When 
examining the newly published literature, we discover the 
extent to which researchers have been interested in the 
design of the sensorless vector control IM drives. Such 
techniques are, undeniably, founded on these schemes:  

Model Reference Adaptive System (MRAS): [3, 4]. 
Kalman Filters (EKF): [5, 6]. 
Neuronal networks observers and fuzzy logic [7-9]. 
Luenberger Observer (LO): [10, 11]. 
As a matter of fact, to apply some of these approaches, 

particularly modified machines, the injection of disturbance 
signals and the use of a IM model are needed. Practically 
speaking, the other velocity estimation methods via IM 
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model supplied by the stator quantities depend on the 
parameter; hence, the errors of the parameter can negatively 
affect the speed control feasibility. Accordingly, to get a 
feasible sensorless vector control drive, we have to adapt 
the parameters. 

When speed is set at its lowest levels, we notice that the 
IRFOC of the IM drive is highly sensitive to the exact value 
of the stator resistance in the rotor flux. To solve the 
difficulty, we have to tune the stator resistance variation of 
the IM online so as to keep the active performance of the 
sensorless IRFOC drive. To evaluate the rotor velocity and 
the stator resistance, many researchers studying the drives 
with no shaft transducers [12, 14] have lately been 
developed. These works have laid emphasis on the use of 
various approaches. Almost all of these methods need extra- 
sensors that are not widely utilized in IRFOC drive; thus, 
cost and involvedness may impede practice. 

This research is intended to contribute to the question of 
speed of the sensorless IRFOC of IM drive with a stator 
resistance tuning. In fact, the considered observer, which is 
based on the estimated and measured stator currents and the 
estimated rotor flux, estimates the rotor speed and the stator 
resistance. In other words, this observer is to simultaneously 
estimate the rotor velocity, the rotor flux, the stator 
resistance, and the stator currents. In an attempt to obtain a 
sequential and simple design of the observer, the singular 
disturbance theory is applied. Still, the flux observer 
stability is realized by the Lyapunov theory. Then, we fully 
describe and justify the suggested algorithm and we test its 
performances by simulations. Despite the existence of the 
related algorithms, these contributions are thought to be 
innovative. Initially, we analyze the active and stable state 
performances and check the outstanding behavior in most 
instances.  Next, we employ the rotor flux oriented control 
and develop an overall framework.  

This paper is organized as follows: section 2 is a succinct 
review of the IRFOC of the IM drives. Section 3 is 
dedicated to the description of the feed-forward decoupling 
controller. In Section 3, we depict the design procedure 
which is suggested with the intention of estimating the rotor 
rapidity and the rotor resistance in a simultaneous way. The 
procedure design proposed to determine the gains of the 
regulators, the speed estimators and the stator resistance is 
described in Section 4. Thereafter, we illustrate the 
experimental results in section 5. Lastly, the paper is ended 
up with some comments and conclusions in Section 6.  

II. ROTOR FLUX ORIENTATION STRATEGY 

When referring to the IRFOC, the rotor flux vector is 
aligned with d-axis. It sets the rotor flux to be regular equal 
to the rated flux. This means that Φdr = Φr and Φqr = 0. 

A. IM Model 
The IM active model can be shown along with the 

ordinary components q-axis and d-axis in a synchronous 
rotating framework: 
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We can assume that if the rotor flux is maintained 
constant, the q-axis current can be restricted by the torque. 
In this respective, the relation between the electrical angular 
speed motor and the electromagnetic torque equation can be 
expressed by :  

( )
d rJ f n T Tr p e l

dt

ω
ω+ = −                     (6) 

B. Feed-forward decoupling controller 
The d-axis and the q-axis voltage equations are combined 

by these expressions ( )M
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τ
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Where ( )M
E L i rd s s qs Lr r

σ ω
τ

= + Φ and M
E L iq rs s ds Lr

σ ω ω= + Φ ; 

Eq and Ed are, respectively, the q- and d-back electromotive 
force (EMF).  

The system equations (7) and (8) yield the transfer 
functions of the stator currents : 

( ) ( )
1
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= =

+
              (9)                                                                                                        

Where 1
Kc Rs

=  is a gain and c sτ στ=  is a time constant.  

The closed-loop current transfer function is 

( )
( )

( )
( )

2
1* * 2 2

2

i p Ki p qs ipds n p
Ki p i p p p iids qs n n

ω

ξω ω
= = +

+ +

 
 
 

    (10)                                                                       

This allows us to write 
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ξ and ωn respectively signify the damping ratio and the 
natural frequency.  

For any damping ratio, the second-order systems give a 
steady value for ωntr = k.  

For instance, if we have a damping ratio ξ = 1, we will 
get ωntr ≈ 4.75. 

The speed control is ensured by an IP controller. 
( )
( )

2

* 2 2
2

pr n

p p pr n n

ω ω

ω ξω ω
=

+ +

                            (12)                                                                                                       
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Where Kvi and Kvp indicate the integral and proportional 
the gains of the IP speed regulator 
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III. ADAPTIVE LUENBERGER OBSERVER  

A. Flux observer of IM 
The following rotating reference frame is most likely to 

describe the induction motor state model 

{ ( ) ( ) ( )
( ) ( )
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y t x t
= +

=

A B
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The adaptive flux observer is defined by the following 
state representation 
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L denote the observer gain matrix which is selected for 
the stability of the system.  

B. Luenberger State Observer Gain Design  
To guarantee the disappearance of the evaluation error 

above time for each (0)x , we have to choose the observer 

gain matrix L so that (A-LC) is asymptotically stable. 
Indeed, we choose the observer gain matrix so that each the 
eigenvalues of (A-LC) have real negative parts. 
Additionally, to make every varieties of speed stable, we 
have to choose the observer poles proportional to the motor 

poles. If the IM poles are given by IMλ , the observer poles 

LOλ  are designated as  

k p IMLOλ λ=                                         (16)                                                                                                                                                         
It is realized by specifying the observer matrix L in a 
particular representation 
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To decide the eigenvalues of the matrix A, we employ: 
2
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To have the equation simplified, we have to define 

2a Iγ=  ; 
1

2b I Jr
r

ω
τ

= −   and 
M

c
rτ

=  

The matrix characteristic equation (A-LC) is 
2
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The substitution of Eq. (16) in (19) gives 
2 2

( ) (( ) ( )) 01 1 2k k a b L a c L L bp pIM IMλ λ δ δ+ + − + − − + = (20)                                                          

The following results are obtained by identifying Eq. (20) 
and 2 *pk (18)  
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(c) 

Fig. 1. Evolution of the system poles and zeros for different values of the 
speed ((a) speed of 5 rpm, (b) speed of 157 rpm and (c) speed of 0 to 157 

rpms with a step of 5 rpm). 
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C. The Luenberger Observer Stability Analysis  
The characteristic matrix of the observer (A-LC) stands for 

the linear element of the observation error. If the real parts 
of its poles are negative for any value of the operation 
speed, the stability of this element will be guaranteed. 

Fig. 1 shows the evolution of the system poles and zeros in 
accordance with the rotor speed. 
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Fig. 2. Evolution of the observer poles and zeros 

 
When we astutely decide on the value kp, the obsrver 

stability will be maintained and the dynamic observation wil 
be faster than the system itself. Moreover, when we examine 
Fig. 1, , we notice that every speed point has four poles. All 
these poles are complex conjugates and have a negative real 
part. But  Fig. 2 mirrors the progress of the observer poles 
and zeros vis a vis the rotor speed and for the various 
proportionality coefficient values kp 

D. Simultaneous estimation of the rotor speed and stator 
resistance 

When carrying out the operation, the temperature changes. 
In fact, the changing temperature causes the resistance of 

both the rotor and the stator to vary. Therefore, the adaptive 
observer that we suggest can be enlarged to involve the 
rotor resistance estimation. If we consider the rotor velocity 
and resistance as unidentified factors of the observer, as the 
rotor flux are computed from (14) and (15) and are given by 
this equation . 
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The adaptive design for the Simultaneous estimation of the 
rotor speed and stator resistance is given by: 
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Fig. 3. Structure of a parallel estimator of the rotor speed and the stator 

resistance. 
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Fig. 3 is a presentation of the suggested adaptive observer 
structure for the simultaneous estimation of speed as well as 
the stator resistance.  
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IV. DETERMINING THE GAINS OF THE REGULATORS, THE 
SPEED ESTIMATORS AND THE STATOR RESISTANCE 

To underscore the gains of the PI regulators which are 
used to simultaneously estimate the rotor speed and the 
stator resistance, one has to allude to the stability study of 
the control system closed-loop transfer function of the rotor 
speed and that of the stator resistance [15- 17]. 

When using the state representation of the asynchronous 
machine defined by the system equation (14) and that of the 
observer expressed by the system equation (15), we get to 
the error-expressions related to the following stator currents 
and rotor flux: 

( )11 12 12 11
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It should be noted here that the error on the stator currents 
is used for the estimation of both the rotor speed and the 
stator resistance. When substituting the equations of the 
system (27), we obtain: 
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Therefore, the error on the stator currents can be 
expressed according to the error on the rotor speed and the 
error on the stator resistance as: 

1 2e e eis = +                                           (29) 

With: 

1

2

e G J r
e G i Rs sRs

ωω= Φ ∆

= ∆







                                    (30) 

Where: 
1

2 21( ) ( )11 22 22 11

1
( ) 22 22 21( ) ( )11 22 22 11

ap
G p p a a L a a L

pI a a
G p p a a L a a LRs Ls

ω δ δ

σ δ

−

= − + + + + +

−
−

= − + + + + +

      

  
  

 

(31) 

 
By simplifying the equations of the system (31), we get: 
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To investigate the stability of the closed loop transfer 
function of the speed estimator and the stator resistance, we 
must show the gains of the PI regulators of each estimator.  

The closed-loop transfer function of the rotor speed 
control system is given by the following block diagram: 
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Fig. 4. The control scheme of the speed estimator. 

These figures show the locations of the poles and zeros of 
the transfer function Gωr(ω) with respect to the rotor speed: 
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(a) Location of the dominant poles and zeros 

of Gωr(ω)  at the speed of 1rad/s 
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(b) Location of the poles and zeros of Gωr(ω)  

at the speed of 157 rad/s 
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(c) Location of the dominant poles of Gωr (ω) 

 at various velocities: 157, 125, 75, 50, 25 and 1 rad/s 
 

Fig. 5. Evolutions of the poles and zeros of the transfer function 

Gωr(ω). 
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For different values of speed, most poles are complex 
conjugates with a negative real part. Indeed, at the speed of 
2 rad/s, the transfer function Gωr (ω) has three zeros of the 
values: -1.4, -6.3 and -220, four complex-conjugate poles of 
the values: -6.3 ± 1.8*j and -240 ± 11.2*j. 

The dynamics of the speed control system is characterized 
by the location of the poles of its closed loop transfer 
function. In fact, to ensure a quick response during the 
transient conditions and to reduce the steady state noises, 
the proportional gain KPωr is selected high and the ratio 
(KIωr/ KPωr) must be equal to the negative real part of the 
dominant poles at a given speed. On the basis of the stability 
study of the closed loop transfer function of the rotor speed 
control system, we have chosen KPωr = 500 and                
(KIωr / KPωr) = 6.3. 

The closed loop transfer function of the stator resistance 
control system is given by the following block diagram: 
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Fig. 6. Scheme for regulating the stator resistance estimator. 

For various speed values, the transfer function GRs (ω) has 
three zeros and four complex conjugate poles which lie in 
the left half-plan of the complex plan. 

The location of the dominant poles of the transfer function 
GRs (ω) at a rotational speed of 2 rad/s is given by the 
following diagram: 
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Fig. 7. The location of the dominant poles and zeros of GRs (ω) at the 

speed of 2 rad/s. 

To have both a quick response during the transitional 
schemes and an effective reduction of the steady state noise, 
the proportional gain KPRs is selected high and the ratio  
(KIRs/KPRs) must be equal to the negative real part of the 
dominant poles. On the basis of the stability study of the 
closed loop transfer function of the stator resistance control 
system, we have chosen KPRs =300 and ((KIRs/KPRs)) = 6.3. 

V. EXPERIMENTAL RESULTS 
To validate the performance of the proposed method, a 

prototype implementation of the sensorless IRFOC of an 
induction motor drive was carried out. Experimental tests 
were done based on the estimation scheme for sensorless 
IRFOC of an induction motor which is proposed in Fig. 8. 
As a matter of fact, the experimentation has been achieved 
by using Matlab-Simulink and dSpace DS1104 real time 
controller board. The experimental setup is composed by 
squirrel-cage IM a 3Kw, a pulse with modulation (PWM) 

signals to control the power modules generated by dSpace 
System, a voltage source inverter (VSI) and a load 
generated through a magnetic power brake coupled with the 
three-phase induction motor. What is more, the DC link 
voltage and stator phase currents and voltages are measured 
by Hall-type LEM sensors. 

csv∗

* IRFOC Algorithm
* d and q-axis current 

régulation 
* simultaneous speed 
and stator resistance 

estimation

r
∗Φ

+
−

rω∗

rω∗
slωsωrω

1
p

Coordinate Translator 
(a, b, c)       (d, q)

dsv∗

qsv∗

dsi

qsi

sω

sθ
asv∗

bsv∗

MAS

asi

bsi
csi

sR


IP Speed Controller

PWM Voltage 
Source Inverter 

(VSI)

Coordinate Translator
(d, q)       (a, b, c)

 
Fig. 8. IRFOC of an asynchronous machine with simultaneous estimation 

of the rotor speed and the stator resistance. 
 

• The first case: a preset speed of 1000 rpm by inverting 
the rotation direction at the moment t=10.5s. 
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(b) Error rotor speed 
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(c) Stator resistance 
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(d) Error stator resistance 
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(e) Rotor Flux Φdr et Φqr 
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(f) Stator currents ids et iqs 
 
Fig. 9. Experimental results of the IRFOC control without a mechanical 
sensor through the adaptation of the stator resistance to a speed level of 

1000 rpm and the application of a load torque level. 
 
 

 
• The second case: a preset speed of 1000 rpm, followed 

by the application of a load torque equal to 20 Nm with 
t = 5s, and the abolition of the latter with t = 17s. 
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(b) Error speed 
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(c) Stator resistance 
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(d) Error stator resistance 
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(e) Rotor flux 
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(f) Stator current 
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Fig. 5. Simulation results of sensorless IRFOC (with load torque of 20 N.m 
applied at t = 5s) with the stator resistance tuning 

 the control speed is 1000 rpm. 
 

For both cases of operation, the stator resistance 
mechanism estimation is initially halted. The nominal stator 
resistance is equal to 2.3 Ω, the identification mechanism of 
the stator resistance is actuated a few seconds after reaching 
the steady state.  

The experimental tests illustrated by the figures (9 (a) and 
10 (a)) show that the estimated speed and the actual speed 
converge to that of the reference. The error between the 
estimated and the actual sizes is presented by the figures (9 
(b) and 10 (b)) and it does not exceed 0.5% in the steady 
state. The figures (9 (c) and 10 (c)) show the curves of the 
estimated stator resistance and those of the reference. The 
convergence of the estimated size of Rs resistance to its 
reference is proved by the figures (9 (d) and 10 (d) 
representing the error between the estimated and the actual 

sizes that do not exceed 2% in the steady state. The guiding 
principle of the rotor flux is shown by the figures (9 (e) and 
10 (e)). 

VI. CONCLUSION 

In this paper, stability analysis of simultaneous use of 
speed and stator resistance estimators for sensorless indirect 
rotor flux oriented control (IRFOC) induction motor (IM) 
drives has been presented. It has been concluded that 
stabilization of each independent speed and stator resistance 
estimators is insufficient to ensure the stability when used 
simultaneously. Values of the adaptive PI controller gains of 
the two estimators based on Root-Locus method have been 
determined. The validity of all proposed gain selections has 
been verified and assessed by experimental results.  

APPENDIX 

TABLE I.  INDUCTION MOTOR PARAMETERS 

Specification Parameters 

Rated power [kW] 3 Rs [Ω] 2.3 
Rated voltage [V] 380 Rr [Ω] 1.83 
Rated current [A] 6.6 Ls [H] 0.261 
Rated frequency [Hz] 50 Lr [H] 0.261 
Number of pole pairs [ − ] 2 M [H] 0.245 
Rated speed [rpm] 1430 J [Kg.m2] 0.03 
  f [Nm.s.rad-1]  0.002 

 

TABLE II.  GAINS OF DIFFERENT CONTROLLER 

PI d-q axis current controller IP speed controller 
kii 9300  kωi                              6 
kip 29.31  kωp                           0.5 
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