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Lyapunov-Function-Based Flux and Speed Observer
for AC Induction Motor Sensorless Control and

Parameters Estimation
Pavel Vaclavek, Member, IEEE, and Petr Blaha

Abstract—AC induction motors have become very popular for
motion-control applications due to their simple and reliable con-
struction. Control of drives based on ac induction motors is a quite
complex task. Provided the vector-control algorithm is used, not
only the rotor speed but also the position of the magnetic flux
inside the motor during the control process should be known. In
most applications, the flux sensors are omitted and the magnetic-
flux phasor position has to be calculated. However, there are also
applications in which even speed sensors should be omitted. In
such a situation, the task of state reconstruction can be solved only
from voltage and current measurements. In the current paper, a
method based on deterministic evaluation of measurement using
the state observer based on the Lyapunov function is presented.
The method has been proven in testing on a real ac induction
machine.

Index Terms—AC motor drives, Lyapunov methods, nonlinear
systems, observers.

I. INTRODUCTION

INDUCTION motors have become more and more popular
due to their reliable construction. If we intend to use an ac

induction motor in a low-cost application (e.g., mass-produced
washing machine), it is necessary to optimize production costs.
Many applications require precise speed control. The speed
sensor is quite an expensive device compared to other parts of
the drive. That is why we are trying to develop a reliable control
system that estimates the rotor speed from electrical quantities
instead of using a speed sensor. The idea of using a state
observer for evaluation of the signals needed for ac induction-
motor control is known [1]–[3]. In most cases, such applications
exploit the Kalman-filter algorithm to estimate the values of
states that cannot be measured directly [4]. The Kalman filter
provides a unified method for the state-observer design, and
that is why it is relatively easy to use. Another possibility is
to find a state observer fitted exactly for the drive. It is possible
to use a simple structure similar to Luenberger’s observer with
many advantages, e.g., low computational demands and results
similar to the Kalman-filter algorithm [5], [6].
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The algorithms need an accurate model of the controlled
drive to compute a good estimate of unknown state variables.
The parameters, especially resistances, can change dramatically
during the drive operation because of working-temperature
changes. There are some methods for ac induction-machine-
parameter estimation [7]. It would be very useful if the observer
algorithm could also directly estimate some of the ac induction-
drive parameters. Another problem is the observer stability. In
this paper, we are trying to present observer design that should
guarantee the algorithm stability.

A. AC Induction-Motor Model

There are many models of ac induction motors. We use the
so-called t-model structure, known also as Kovacs model

dΨs

dt
=us − Rsis (1)

dΨr

dt
= jzpωΨr − Rrir (2)

dω

dt
=

1
J

(T − Tload) (3)

Ψs =Lsis + Lmir (4)

Ψr =Lmis + Lrir (5)

T =1.5zp�(Ψsis) (6)

where Ψs = Ψsα + jΨsβ , Ψr = Ψrα + jΨrβ are the stator and
rotor magnetic-flux phasors in αβ coordinates; us = usα +
jusβ is the stator-voltage phasor; is = isα + jisβ , ir = irα +
jirβ are the stator and rotor current phasors; ω is the rotor
angular velocity; T , Tload are the driving and load torques; Rs,
Rr are the stator and rotor resistances; zp is the number of pole
pairs; J is the rotor inertia; and Ls, Lr, Lm are the inductances.

As the load torque and the rotor inertia are not usually known,
it is not possible to use (3) and (6). The remaining equa-
tions can be, after some computations, transferred into a more
suitable form

di′s
dt

=us − ξ1i
′
s + Ψ′

r(ξ2 − jωzp) (7)

dΨ′
r

dt
= ξ3i

′
s − Ψ′

r(ξ2 − jωzp) (8)
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Fig. 1. Speed and flux observer structure.

where

i′s = is
LsLr − L2

m

Lr
(9)

Ψ′
r =Ψr

Lm

Lr
(10)

ξ1 =
RsL

2
r + RrL

2
m

LsL2
r − LrL2

m

(11)

ξ2 =
Rr

Lr
(12)

ξ3 = Rr
L2

m

LsL2
r − LrL2

m

. (13)

Equations (7) and (8) represent some kind of model normal-
ized according to the motor inductances. The model has only
three independent parameters ξ1, ξ2, and ξ3. It is clear that
inductances also have to be known to use (9)–(13), but it is not
usually a problem. Inductances can be measured offline and we
can suppose that they do not change significantly during normal
drive operation.

II. STATE OBSERVER

The used control structure is shown in Fig. 1. The state
observer can use measurement of stator voltage and modified
current us and i′s. It should estimate modified rotor magnetic
flux Ψ′

r, rotor angular velocity ω, modified stator current i′s
(filtering purposes), and, if possible, also parameters ξ1, ξ2, and
ξ3. Let us suppose an estimator structure in the form

dĩ
′
s

dt
= us − ξ̃1ĩ

′
s + Ψ̃

′
r(ξ̃2 − jω̃zp) + δ (14)

dΨ̃
′
r

dt
= ξ̃3ĩ

′
s − Ψ̃

′
r(ξ̃2 − jω̃zp) (15)

where x̃ stands for the estimate of variable x, and δ is a
correction based on the estimated and measured stator current.

We can define error functions describing the difference between
real and estimated values of the variables

∆i′s = ĩ
′
s − i′s (16)

∆Ψ′
r = Ψ̃

′
r − Ψ′

r (17)

∆ω = ω̃ − ω (18)

∆ξ1 = ξ̃1 − ξ1 (19)

∆ξ2 = ξ̃2 − ξ2 (20)

∆ξ3 = ξ̃3 − ξ3. (21)

From (16) and (17), we can get

d∆i′s
dt

=
dĩ

′
s

dt
− di′s

dt
(22)

d∆Ψ′
r

dt
=

dΨ̃
′
r

dt
− dΨ′

r

dt
(23)

and after substitution of (7) and (14) into (22) and (8) and (15)
into (23)

d∆i′s
dt

=(∆ξ2 − jzp∆ω)Ψ̃
′
r − ∆i′sξ̃1 − i′s∆ξ1

+
(
jzp(∆ω − ω̃) − ∆ξ2 + ξ̃2

)
∆Ψ′

r + δ (24)

d∆Ψ′
r

dt
= − (∆ξ2 − jzp∆ω)Ψ̃

′
r + ∆i′sξ̃3 + i′s∆ξ3

−
(
jzp(∆ω − ω̃) − ∆ξ2 + ξ̃2

)
∆Ψ′

r. (25)

Equations (24) and (25) represent a dynamical system of esti-
mation errors. We will try to find such correction δ that will
minimize estimation errors. Also, the best possible coincidence
of the model and the real system is achieved when

∆i′s = 0. (26)

It is possible to transfer the task of estimation-error minimiza-
tion to the task of solving the estimation-error dynamic-system
stability. We can state

dx′

dt
= ∆i′s (27)

where x′ is an auxiliary state variable. It is clear that if (27) is
stable, then (26) is valid. The system (27) can be stabilized if it
has the form

dx′

dt
= y − k1x

′ (28)

where y is another auxiliary state variable that should go to 0.
Now, we have to solve problem of stabilizing state variable y.
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This simple trick improves observer convergence as the current
estimation error will go approximately exponentially to 0.
Equations (27) and (28) lead to

y = ∆i′s + k1x
′ (29)

dy

dt
=

d∆i′s
dt

+ k1
dx′

dt
(30)

and after substitution of (24) and (27) into (30), we will get

dy

dt
= (∆ξ2 − jzp∆ω)Ψ̃

′
r − ∆i′sξ̃1 − i′s∆ξ1

+
(
jzp(∆ω − ω̃) − ∆ξ2 + ξ̃2

)
∆Ψ′

r + δ + k1∆i′s. (31)

This method is sometimes called back-stepping control design.
In the next step, the stability of the estimation-error dynamical
system will be analyzed using the Lyapunov method. Let us
suppose that the suitable Lyapunov function will be

V =
1
2
|x′|2 +

1
2
|y|2 +

1
2
|∆Ψ′

r|
2

+
1
2

(∆ω)2

kω
+

1
2

(∆ξ1)2

kξ1

+
1
2

(∆ξ2)2

kξ2

+
1
2

(∆ξ3)2

kξ3

. (32)

The system will be stable if

dV

dt
< 0 (33)

for any combination of variable values. After a long calculation,
it can be shown that if we put

∆Ψ′
r = − ∆i′s (34)

δ =(ξ̃1 − k1 − k2)∆i′s

+ (jzpω̃ − ξ̃2)∆Ψ′
r − (1 + k1k2)x′ (35)

we will get

dV

dt
= − k1|x′|2 − k2|y|2 − ξ̃2 |∆Ψ′

r|
2 − ξ̃3

∣∣∆i′s
∣∣2

+

(
d∆ω
dt

kω
+ �

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

)))
∆ω

+

(
d∆ξ1

dt

kξ1

−�
(
yi′s

))
∆ξ1

+

(
d∆ξ2

dt

kξ2

+ �
(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

)))
∆ξ2

+

(
d∆ξ3

dt

kξ3

+ �
(
∆Ψ′

ri
′
s

))
∆ξ3. (36)

It is necessary to fulfill the following conditions to achieve the
validity of (33):

k1 > 0 k2 > 0 ξ̃2 > 0 ξ̃3 > 0 (37)
d∆ω
dt

kω
+ �

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

))
= 0 (38)

d∆ξ1
dt

kξ1

−�
(
yi′s

)
= 0 (39)

d∆ξ2
dt

kξ2

+ �
(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

))
= 0 (40)

d∆ξ3
dt

kξ3

+ �
(
∆Ψ′

ri
′
s

)
= 0. (41)

The condition (37) can be easily fulfilled as constants k1 and
k2 are freely selectable, and estimated parameters ξ̃2 and ξ̃3

should be always positive as they represent transformed rotor
resistance. The conditions (38)–(41) can be fulfilled by stating

d∆ω

dt
= − kω�

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

))
(42)

d∆ξ1

dt
= kξ1�

(
yi′s

)
(43)

d∆ξ2

dt
= − kξ2�

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

))
(44)

d∆ξ3

dt
= − kξ3�

(
∆Ψ′

ri
′
s

)
(45)

and the state observer will be stable. Equations (42)–(45) can
be used to construct adaptation rules for parameter estimations.
The changes of ac induction-motor parameters including angu-
lar velocity are very slow in comparison with stator voltages
and currents. That is why we can consider them to be constant
and, thus,

d∆ω

dt
=

dω̃

dt
− dω

dt
≈ dω̃

dt
(46)

d∆ξ1

dt
=

dξ̃1

dt
− dξ1

dt
≈ dξ̃1

dt
(47)

d∆ξ2

dt
=

dξ̃2

dt
− dξ2

dt
≈ dξ̃2

dt
(48)

d∆ξ3

dt
=

dξ̃3

dt
− dξ3

dt
≈ dξ̃3

dt
. (49)

The adaptation rules are then

dω̃

dt
= − kω�

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r

))
(50)

dξ̃1

dt
= kξ1�

(
yi′s

)
(51)

dξ̃2

dt
= − kξ2�

(
(y − ∆Ψ′

r)
(
Ψ̃

′
r − ∆Ψ′

r
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(52)

dξ̃3

dt
= − kξ3�

(
∆Ψ′

ri
′
s

)
. (53)
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The rotor magnetic-flux estimation error ∆Ψ′
r is not known

and cannot be measured. We have assumed that its value is
equal to the negative value of modified stator-current estimation
error (34). Let us suppose that modified stator-current and rotor
magnetic-flux estimation errors are small and steady. Then

d∆i′s
dt

= jzpω̃∆i′s (54)

d∆Ψ′
r

ddt
= jzpω̃∆Ψ′

r (55)

d∆i′s
dt

+
d∆Ψ′

r

dt
= jzpω̃

(
∆i′s + ∆Ψ′

r

)
. (56)

Substitution of (24) and (25) into (56) leads to

∆i′s + ∆Ψ′
r =

−j

zpω̃

(
(∆ξ3 − ∆ξ1)ĩ

′
s + (ξ̃3 − ξ̃1)∆i′s + δ

)
(57)

and if the estimation errors are small, we can write

∆i′s + ∆Ψ′
r ≈ 0 (58)

∆Ψ′
r ≈ − ∆i′s (59)

which proves the assumption (34). The algorithm is only locally
stable because we have to assume that the differences between
real and estimated variable values are small. The complete
algorithm can be summarized into the following equations:

∆i′s = ĩ
′
s − i′s (60)

dx′

dt
= ∆i′s (61)

y = ∆i′s + k1x
′ (62)

δ = (ξ̃1 + ξ̃2 − k1 − k2 − jzpω̃)∆i′s − (1 + k1k2)x′ (63)

dĩ
′
s

dt
= us − ξ̃1ĩ

′
s + Ψ̃

′
r(ξ̃2 − jω̃zp) + δ (64)

dΨ′
r

dt
= ξ̃3ĩ

′
s − Ψ̃

′
r(ξ̃2 − jω̃zp) (65)

dω̃

dt
= − kω�

((
y + ∆i′s

) (
Ψ̃

′
r + ∆i′s

))
(66)

dξ̃1

dt
= kξ1�(yi′s) (67)

dξ̃2

dt
= − kξ2�

((
y + ∆i′s

) (
Ψ̃

′
r + ∆i′s

))
(68)

dξ̃3

dt
= kξ3�

(
∆i′si

′
s

)
(69)

with respect to (9)–(13). The behavior of the algorithm can
be tuned by a set of selectable parameters {k1, k2, kω, kξ1 ,
kξ2 , kξ3}.

A. Parameter Estimation

The observer algorithm allows not only the computation of
the rotor magnetic-flux phasor position and rotor angular speed
but also parameter estimation using (67)–(69). If the motor
inductances are known, it should be possible to compute rotor
resistance using (12) or (13) and stator resistance from (11).
Simulation experiments proved that it is really possible to
estimate stator resistance Rs, but not the rotor resistance Rr.
The reason is very simple and can be shown using the original
ac induction-motor model equation (2). The magnitude of the
rotor magnetic-flux phasor is held constant during normal drive
operation. In consequence, the rotor current phasor ir is orthog-
onal to the rotor magnetic-flux phasor Ψr. Equation (2) can be
then rewritten into the form

dΨr

dt
= jΨr

(
zpω + Rr

|ir|
|Ψr|

)
. (70)

It is clear that if any difference between measured and estimated
stator current is detected, it is not possible to determine whether
the difference is caused by a change in ω or in Rr. Only the
value of the complete term zpω + Rr(|ir|/|Ψr|) can be esti-
mated. We have to know either rotor angular velocity or rotor
resistance and then it is possible to compute the other variable.
Although there is a possibility off addition of some variations to
the rotor magnetic flux (e.g., sinusoidal or square wave changes
to rotor flux reference value) in such way that phasors ir and
Ψr will not be orthogonal, this method is practically unusable
in many cases due to limitations in maximum available stator
voltage. That is why it is necessary to find other methods for
obtaining the value of the rotor resistance [8]. It leads to the
practical result that observer parameters kξ2 and kξ3 should be
set kξ2 = kξ3 = 0.

B. Observer-Gain Tuning

Proper observer-gain selection is one of the biggest diffi-
culties in the speed-observer design. In applications, using an
extended Kalman filter (EKF) as a speed observer, it is possible
to tune observer gains automatically requiring knowledge of
noise-signal statistical properties that are, unfortunately, not
usually known [9]. The ac induction-model linearization is the
other possibility and it allows us to study observer dynamics
analytically [10], [11]. However, this approach is not perfect
as it provides good results only in the case of slow rotor-speed
changes as the rotor speed has to be considered to be constant
and is useful especially for flux-observer tuning.

The proposed observer is a nonlinear system and it is very
difficult to describe its dynamics analytically. That is why we
have no general and automatic method for the observer-gain
tuning at this time. However, it is possible to describe some
guidelines for observer-gain tuning.

The Lyapunov function (32) must be a positive definite func-
tion and that is why we have to set gains {kω, kξ1 , kξ2 , kξ3} to
be positive. The observer-stability analysis leads to conclusion
(37) and also, gains {k1, k2} have to be positive. According to
stability analysis, observer gains can have any positive value.
Unfortunately, it is not true in practice. We have to keep
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observer computation demands as low as possible as we want
to implement it on a relatively low-cost and low-performance
controller. That is why only Euler’s integration method should
be used. Euler’s integration can be inaccurate when performing
calculations with high-frequency signals, which can occur as a
result of setting the observer gains to high values.

Gains k1 and k2 have a direct impact on the observer stator-
flux tracking ability. It is especially clear that k1 should be set
as high as possible (the highest possible value before numer-
ical instability occurs can be determined experimentally) as it
determines the time constant of exponential stator-current error
convergence (28).

The observer-parameter adaptation can be tuned by gains
kξ1 , kξ2 , and kξ3 . It has been shown earlier that it is not usually
possible to estimate rotor resistance by the presented algorithm.
As we have to use some other method for obtaining the rotor-
resistance value, it is advisable to assume that ∆ξ2 = ∆ξ3 = 0
and set kξ2 = kξ3 = 0. The gain kξ1 should be set with respect
to the drive thermal dynamics; the higher value it has, the faster
stator-resistance changes due to temperature changes can be
tracked.

The last gain kω represents speed-tracking dynamics. A
higher value can improve rotor-speed-change tracking. On the
other hand, a high value of kω can cause poor performance
in the low-speed region when speed information in the stator
voltage and current measurement disappears, and the observer
is then influenced mostly by noise signals.

C. Dead-Time Compensation

Knowledge of accurate values of stator current and stator
voltage is essential for correct speed-observer operation. While
the stator current is measured using current sensors, we suppose
that the stator-voltage value is known as it is the control system
output variable. Unfortunately, a significant difference between
the output of the control system and the actual voltage passed
to the drive can be present.

In most cases, the stator voltage is generated using
pulsewidth modulation (PWM), which controls complementary
transistor switching in a bridge circuit. The transistors should
be switched complementarily. Simultaneously switching both
transistors ON would cause a short-circuit connection, resulting
in damage to power electronics. That is why a short “dead
time” when both transistors are switched OFF is inserted into
the switching cycle. During the dead-time duration, the load
inductance defines the voltage to keep inductive current flowing
through diodes. The actual stator voltage then depends on the
current direction.

This difference is not too important for the control algorithm
itself as it can be usually compensated by a current controller.
However, if we use a model-based flux and speed observer, it
is necessary to assure the stator voltage put on the motor is the
same as the voltage used in the model computation.

The simplest method of solving this problem is based on
actual stator-voltage measurement [12]. This is probably the
best method as it can provide an accurate stator-voltage value
and help to achieve significant improvement in the observer
performance. On the other hand, we have to use some additional

Fig. 2. Stator-voltage error.

voltage-measurement hardware in this case. As we are trying
to maintain hardware simplicity, we do not like to use another
voltage sensor, and that is why we do not use this method.

Another method is based on sensing stator-current direction
and changing PWM signal’s pulsewidth to achieve desired
stator voltage. This method supposes that the stator-voltage
error is constant and depends only on stator-current direction.
Functions supporting the constant-compensation method are
directly implemented on Freescale hybrid controllers (former
Motorola DSPs) [13] but additional current-direction compo-
nents (comparators) are required.

In our algorithm, we use a more precise method. The differ-
ence in stator voltage is not constant, but depends on stator-
voltage current value. We have measured the dependence of
stator-voltage error and stator current, as is shown in Fig. 2. It
is possible to find a suitable interpolation formula (in our case,
fifth-order polynomial for low current and linear function for
high current) and use it for dead-time-compensation calculation
on DSP in real time. The calculated compensation is added to
the desired stator-voltage value passed to the PWM subsystem.
The compensated voltage is then both present on the machine
stator winding and also used in observer calculation.

The dead-time compensation is very important especially at
the low-speed region when stator voltage is usually low and
the relative stator-voltage error can become very significant.
This compensation allows our control system to be working at
speeds even as low as 20 r/min.

III. ALGORITHM IMPLEMENTATION

A. Simulation

In the first step, the algorithm was simulated in the con-
trol structure using field-oriented-control based on rotor flux
[14]. The simulation was carried out completely in a Matlab
Simulink environment. In the second step, the observer algo-
rithm has been implemented on the Freescale 56F805 hybrid
controller chip (former Motorola DSP56F805). The simulation
was then done in a hybrid environment where the ac induc-
tion motor was simulated using Matlab Simulink while the
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Fig. 3. Experimental system.

complete motor-control algorithm including the observer ran
on the DSP. The simulation results proved the algorithm ability
of the magnetic-flux phasor-position estimation and rotor-speed
tracking [15].

B. Hardware Implementation

The algorithm was also tested on the real ac induction
machine using our experimental system shown in Fig. 3. A
small 250-W induction machine with two pole pairs was used
with approximate parameter values Rs = 32 Ω, Rr = 22 Ω,
Ls = 0.85 H, Lr = 0.85 H, and Lm = 0.7 H. The load torque
was produced by a dc permanent-magnet motor mechanically
connected to the induction machine. The observer was imple-
mented on the Freescale 56F805 hybrid controller evaluation
board together with the complete control system based on the
rotor-flux-oriented vector-control algorithm [14]. The Freescale
56F805 hybrid controller chip is equipped with peripherals
needed to control electrical drives, and also, the evaluation
board is suitable for motor-control-application testing. The
Freescale three-phase ac high-voltage brushless dc power stage
has been used to supply control signals to the machine.

IV. RESULTS

In the first experiment, the ability of speed-change tracking
was studied. The motor was running without any load. Ob-
server parameters were tuned experimentally to values k1 = 2,
k2 = 300, kω = 8000, kξ1 = 2000, kξ2 = 0, and kξ3 = 0. The
algorithm was able to track the rotor-speed changes without
significant error even in the case of rapid speed change. The
comparison of real and estimated rotor speed is shown in Fig. 4.
In some cases, quite a big error in the estimated speed in the
very-low-speed region can occur. This effect can occur during
machine startup and also during speed reversal. This error is
caused by two reasons.

The first one is the well-known fact that the speed infor-
mation contained in stator voltage and current measurement
disappears as the synchronous stator frequency goes to 0 [10],
affecting the model-based speed observer’s performance in the
low-speed region. It is possible to overcome this problem by
using a field-weakening algorithm to achieve a higher stator
field frequency.

The other reason for the speed-estimation error in the low-
speed region lays in the imperfect dead-time compensation. In
the low-speed region, the stator voltage is low. On the other

Fig. 4. Comparison of real rotor speed (dashed) and estimated value (solid).

Fig. 5. Estimated speed relative error for no load (solid) and load torque
0.5 N·m (dashed).

hand, the stator current can be high during acceleration from
zero speed or during speed reversal. This is the situation when
the relative stator-voltage error caused by PWM dead time
reaches its maximal value. Although we have tried to introduce
the dead-time-compensation algorithm, there is still a slight
difference between the real stator voltage and its value used in
the observer calculation in the low-voltage region. It is possible
to overcome this problem effectively by direct stator-voltage
measurement [12], increasing the used hardware cost.

The relative speed-estimation error δω = (ω − ω̃/ω)100 is
shown in Fig. 5. The complete speed range has been evaluated
for the machine without external load torque (only friction
torque is present), while an experiment with the load torque
fixed at 0.5 N·m has been made only for a limited speed range.
At this time, we are not able to control constant load torque at
a rotor speed under 500 r/min and we cannot run the induction
machine at speeds over 1600 r/min, producing higher torque,
because of power limitation. We can see that the algorithm can
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Fig. 6. Comparison of real rotor speed (dashed) and estimated value (solid)
during load-torque change.

achieve a speed-estimation error lower than 2% at speeds higher
than 1000 r/min. This precision is satisfactory for common ac
induction-machine applications. Both curves in Fig. 5 have the
shape of a hyperbolic function. The main reason of the speed-
estimation steady-state error is the difference between the real
rotor resistance and its value used in the observer calculation. It
can be shown that if we keep the load torque constant, the rotor
current |ir| is also constant. From (70), it is clear that if the
speed-estimation error is caused by inaccurate rotor-resistance
knowledge, then the absolute value of the speed-estimate error
is constant and the relative error will be a hyperbolic function
of the rotor speed. The relative error is positive for the machine
running without load as the machine temperature is relatively
low and the real rotor resistance is lower than the fixed rotor-
resistance value used in the observer calculation. On the other
hand, the relative speed error for the machine running under
high load is negative as the machine temperature becomes
high, resulting in the higher real rotor resistance. Based on
Fig. 5, we can make the conclusion that the main reason for
the speed-estimate error in the proposed algorithm is the rotor-
resistance error.

The next experiment was aimed to examine observer behav-
ior during load-torque change. The motor has started its oper-
ation with zero load torque. Then, the load-torque change to
1 N·m was introduced at time 2 s, and the load torque returned
to 0 at time 9 s. As it can be seen in Fig. 6, the rotor speed
changed for a short time until the control algorithm compen-
sated the load torque. However, even in this situation, there is
only a little error in the speed estimate. The load torque causes
a motor-temperature increase and, in consequence, motor-
parameter changes. The observer algorithm then tries to adapt
the ξ1 parameter, as can be seen in Fig. 7.

If high load torque is applied for a long time period, the motor
temperature increases significantly. In this situation, the real
value of the rotor resistance can differ from the model value
and it can lead to error in rotor-speed estimate, as is shown
in Fig. 8, where maximum possible load torque was applied
to the drive for a long time. The drive was able to continue

Fig. 7. ξ1-parameter adaptation.

Fig. 8. Comparison of real rotor speed and estimated value at high-
temperature condition.

in normal operation at a slightly different speed as the error
in rotor-resistance value has no impact on the magnetic-flux
phasor-position estimation.

V. CONCLUSION AND FUTURE WORK

A. Conclusion

The presented speed-observer algorithm has been tested on
a real ac induction machine. The algorithm has been imple-
mented on a Freescale 56F805 hybrid controller chip that is
suitable for motor-control applications. The observer algorithm
seems to be time efficient as it is possible to compute it on the
DSP in 20 µs. As was shown, the algorithm is able to track
the rotor speed even in the case of rapid torque change. The
presented results have been obtained in testing on a real ac
induction machine controlled by classical rotor-flux-oriented
vector control [14]. As the algorithm does not depend on the
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control scheme, it is possible to use it with other ac induction-
machine-control algorithms like direct torque control (DTC) or
predictive direct stator flux control (PDSFC) [16].

It was shown that the correct knowledge of the rotor-
resistance value is essential for accurate rotor-speed estimation.
Although many authors of articles and application notes on
sensorless control do not mention it, changes of rotor-resistance
value due to temperature changes can lead to a significant error
in rotor-speed computation.

Dead-time compensation should be considered as the dead
time introduced as a safety mechanism to protect switching
parts of the power circuit can cause a difference between the
real stator voltage and the stator voltage used by the control
algorithm. If the wrong supposed stator-voltage value is used
as a motor model input, the results may be unpredictable.

B. Future Work

Future research will concentrate on methods of the rotor-
resistance estimation and dead-time compensation. In conse-
quence, we will be able to use more accurate values of motor
parameters during speed-observer computation and improve its
performance. The research will be aimed especially to the ac
induction-machine temperature models [17], [18]. We suppose
that knowledge of the drive temperature conditions will allow
us to develop better parameter-estimation algorithms.

Speed estimation based on rotor-slot harmonics will be also
studied [19]. Algorithms based on rotor-slot harmonics can
provide a mechanical rotor-speed estimate even in the case
when electrical parameters of the drive are not known. The
problem is that these algorithms are difficult to use as the only
speed-estimation algorithm. We will try to develop an algorithm
based on the observer proposed in this article coupled with the
speed estimation using rotor-slot harmonics. We suppose that
we will be able to achieve good performance in a wide speed
range together with the parameter-adaptation ability.
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