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Abstract— Identification of all the electrical parameters of
Induction Machines (IMs) is a prerequisite for successful model-
based control and/or fault detection. Most of the existing iden-
tification methods of symmetrical IMs are, strictly speaking,
valid only at stationary conditions, which limitation results in
either poor dynamics excitation or gross approximation errors,
depending on the working conditions of the motor.

In this paper, the topic of identification of all electrical
parameters of faulty IMs is addressed for the first time. A
method for on-line observer-based estimation of all electrical
parameters of IMs with faulty stator is presented aiming
primarily at fault tolerant control and fault detection. The
approach does not rely on any assumptions regarding the rotor
angular speed and/or acceleration.

NOMENCLATURE

Variables

ψ - magnetic flux
ı - electrical current
u - feeding voltage
ω - rotor speed

Parameters

R′
A, RS - electrical resistances

L′
A, L

′
S - lumped inductances

M ′
Ar,M - mutual inductances

εA, εS, εr - electrical parameters
µA, µ - goodness factors
KA,KS - normalization factors

For the variables, ·̄ denotes a normalized (dimensionless)

variable and subscripts α and β refers to the corresponding

axis in a two-axis system, respectively.

For both the variables and parameters, capital letter sub-
script A refers to stator axis A in a conventional three-axis

system. Similarly, subscript S refers to stator axis B or C.

In the same manner, a small letter subscript r refers to rotor
axis a, b or c. The units used for the variables and parameters

are SI-units throughout the paper.

Bold capital letters stand for matrices, whereas small

and capital letters denote respectively scalars and vectors.

Identity and zero matrices of appropriate dimension (mostly
2 × 2) are denoted as I and 0. The unitary matrix

J =

[

0 −1
1 0

]

is frequently used in the sequel. The complex conjugate

transpose of a matrix is denoted by ·H and ·∗ means complex

conjugate of a scalar. The determinant of a matrix is denoted
by | · |. The transition matrix of matrix A is denoted by

ΦA(t, t0).
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I. INTRODUCTION

Induction machines (IMs) are widely used today in var-

ious applications. For example, it is by far the most used
electrical motor in industry today. Thus, there is a need for

efficient methods of on-line parameter identification of IMs

to facilitate motor fault detection and condition monitoring.
The subject is though mathematically challenging, since the

IM dynamics are time-varying, due to the varying speed of
the rotor.

Several on-line methods for estimation of all parame-

ters of the healthy IM have been proposed, mostly based
on various Linear Regression models estimated by Least

Squares techniques. In all such approaches, approximations
have been utilized to make the motor dynamics fit the

identification framework. In continuous time identification,

it is convenient to neglect the rotor acceleration, i. e. assume
the rotor angular velocity to be constant. However, such

a simplification compromises the accuracy of parameter

identification. At those time instants when the approximation
holds, the IM usually operates at or close to stationary

conditions where excitation is poor, which results in incorrect

parameter identification results. On the other hand, when the
excitation is rich, i. e. at rapidly changing rotational speed

of the rotor, the approximation is not justified, and the errors
for the estimated parameters may become large. Moreover,

the first and second order derivatives of the stator voltages

and currents are also often needed, which calls for filtering
of these quantities. Filtering causes several negative effects

as well. If not performed carefully, severe phase-shifts are

introduced, especially during important transients with rich
excitation.

The drawbacks described above lead altogether to ques-
tionable identification results, see for instance [1] and [2].

An attempt to minimize the impact of poor excitation is

reported in [3], where Total Least Squares is employed for
parameter estimation. The results indicate that the problems

experienced with Ordinary Least Squares may be alleviated,

although not cured.

Linear regression models are also applied in discrete time,

[4], [5]. Similarly to continuous time, this approach has
problems with poor excitation under stationary conditions

and inadequate modeling under transients. In addition, all

measured variables are typically assumed to be constant be-
tween sampling instants, which results in poor approximation

since both the feeding voltages and the stator currents for

an uncontrolled motor are typically sinusoidal and during
transients the rotational speed of the rotor varies. Curing

this shortcoming calls for shorter sampling period, which
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leads to higher computational burden and more pronounced
measurement noise.

An observer-based approach to parameter identification

is presented in [6], where the original state vector has

been extended with some auxiliary states and a full order
linear observer is designed. It works in continuous time

and does not use any common devastating assumptions as

these in the continuous time LS techniques. However, for
the symmetrical IM, the underlying dynamical model used

is of higher order compared to the algorithm presented in
this paper.

No parameter identification techniques for faulty IMs have

been found by the authors in the literature. It is most

likely the case because of the lack of relevant parsimonious
mathematical models of asymmetrical (faulty) IMs. However,

there is a sharp need for parameter identification for such

machines, mainly because it opens up for the possibility of
fault detection with tight bounds, and even more important,

allows to distinguish between different kinds of faults. In [7],
it is shown that different stator faults manifest themselves in

different patterns of parameter alternations in a newly de-

veloped model of faulty IMs, hence discrimination between
different kind of faults becomes possible.

In this paper, a continuous observer-based method for on-

line estimation of all electrical parameters in IMs subject to

stator fault is presented. First, a low-order dynamic model
of the IM with a stator fault is summarized. Then, the

problem of model parameter estimation is solved by means

of a recently developed optimal observer with guaranteed
convergence rate. Numerical simulations confirm efficacy of

the suggested method.

II. MODEL OF INDUCTION MACHINES

A normalized model of the electrical part of an IM with

faulty stator (see [7],[8]) can be written as

µA ˙̄ıαS = ˙̄ψαS − εr (̄ıαS − ψ̄αS) − ω̄
M ′

Ar

M
(µı̄βS − ψ̄βS)

µ˙̄ıβS = ˙̄ψβS − εr (̄ıβS − ψ̄βS) + ω̄
M

M ′

Ar

(µA ı̄αS − ψ̄αS)

˙̄ψαS = −εAı̄αS + ūαS; ˙̄ψβS = −εS ı̄βS + ūβS (1)

The output map to the measured stator currents is given by

ıαS = KAı̄αS ; ıβS = KS ı̄βS (2)

It is assumed that all parameters in (1) and (2) are constant
and unknown. The rotor speed ω̄ is in sequel treated as

a perfectly known time-varying parameter. Note that eight

independent coefficients are needed in order to describe
the dynamics of the IM; KA,KS, µA, µ, εA, εS , εr and the

quotient
M ′

Ar

M
, which seems to be the least number.

In what follows,

ıS =

[

ıαS

ıβS

]

; xS =

[

xαS

xβS

]

; zS =

[

zαS

zβS

]

Now, assume that ıαS , ıβS , ω̄, ūαS and ūβS are perfectly

known, i. e. measured without noise. Taking into account the

expressions for xαS , xβS

xαS =
KS

KA

M

M ′

Ar

µA

µ

KA

µA

ψ̄αS =
M

M ′

Ar

KS

µ
ψ̄αS

xβS =
KA

KS

M ′

Ar

M

µ

µA

KS

µ
ψ̄βS =

M ′

Ar

M

KA

µA

ψ̄βS

and introducing

zS = εr

[

KA

KS

M ′

Ar

M
µ

µA
0

0 KS

KA

M
M ′

Ar

µA

µ

]

xS

model (1), with the use of (2) to transform the currents, is
transformed into a time-varying linear form

ı̇S = −ω̄JxS + zS + ω̄JÃ11θ1 + Ã12θ2

ẋS = Ã12θ3

żS = Ã12θ4

θ̇1 = θ̇2 = θ̇3 = θ̇4 = 0 (3)

where

Ã11 =

[

ıαS 0
0 ıβS

]

Ã12 =

[

ūαS 0 −ıαS 0
0 ūβS 0 −ıβS

]

θ1 =
[

KS

KA

M
M ′

Ar

µA

µ
KA

KS

M ′

Ar

M
µ

µA

]T

θ2 =
[

KA

µA

KS

µ
εA

µA
+ µ

µA

εr

µ
εS

µ
+ εr

µ

]T

(4)

θ3 =
[

M
M ′

Ar

KS

µ

M ′

Ar

M
KA

µA
θ33 θ34

]T

θ4 = εr

[

KA

µA

KS

µ
εA

µA

εS

µ

]T

and

θ33 =
KS

KA

M

M ′

Ar

µA

µ

εA

µA

θ34 =
KA

KS

M ′

Ar

M

µ

µA

εS

µ

The extended system has two more dynamic states and 14
more static states compared to (1), amounting to a total

increase of 16. Hence, the system has been augmented by

eight more states than the number of the original indepen-
dent coefficients. This redundancy is the price to pay for

enabling linear observer-based parameter estimation without
approximations.

III. OBSERVER DESIGN

In standard state-space notation, model (3) has the linear
time-varying form of

ẋ = Ax (5)

y = Cx

For the observer

˙̂x = Ax̂+ K(y − ŷ) (6)

ŷ = Cx̂
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the error system has the following structure,
[

˙̃z

θ̃

]

=

[

A11 − K1C1 A12

−K2C1 0

] [

z̃

θ̃

]

=

[

A11 A12

0 0

] [

z̃

θ̃

]

−

[

K1

K2

]

r

r =
[

C1 0
]

[

z̃

θ̃

]

; e =

[

z̃

θ̃

]

(7)

where z̃ corresponds to errors in the dynamical states, and θ̃
to errors in static states, i.e. parameters. In (7), the matrices

are

A11 =





0 −ω̄J I

0 0 0

0 0 0





A12 =





ω̄JÃ11 Ã12 0 0

0 0 Ã12 0

0 0 0 Ã12



 (8)

C1 =
[

I 0 0
]

where all relevant matrix blocks can be identified from (3).
To design stable observers corresponding to (7), one

might first try the simplest possible approach, the Algebraic

Lyapunov Equation (ALE). Unfortunalely, as the theorem

below proves, such a simple approach is not possible, due
to the process dynamics.

Theorem 1: Assume ıS , ūS ∈ R2 and ω̄ ∈ R. Consider
a Lyapunov function candidate for (7) in the form of V =
eHPe, where P ∈ Cn×n is a hermitian, positive definite

constant matrix, i. e. P > 0, Ṗ = 0. Then,

PA + AHP = −Q

does not hold for any admissible P, Q ≥ 0.
Proof: See [9]. �

In the light of this result, a more powerful and general for

linear time varying systems technique is sought. Following

[10], consider the feedback matrix K given by

K = PCHQ (9)

Ṗ = αP + AP + PAH − PCHQCP + GGH

where Q(t) is chosen so that

CHQC , HHH ≥ 0

and the time-varying matrix G is of suitable dimensions.

Error system (7) can then be written as

ė = (A − PCHQC)e

= Ae− PCHQr (10)

Ṗ = αP + AP + PAH − PCHQCP + GGH

r = Ce

where e(t0) = e0 and P(t0) = P0. The following two theo-

rems summarize relevant properties of the resulting observer.
Definitions of (uniform) observability/controllability on an

interval are needed for their formulation. Consider

ẋ = Ax+ Bu

y = Cx+ Du (11)

where x ∈ Cn, u ∈ Cm and y ∈ Cℓ. In the sequel, the time-
varying complex-valued matrices A, B, C and D, as well

as the input and output u, y, are assumed perfectly known

during each time-interval of interest. The state-transition
matrix ΦA(t, t0) of (11) is the unique solution to

Φ̇A(t, t0) = A(t)ΦA(t, t0); ΦA(t−0 , t
−

0 ) = I

Definition 1: System (11) is said to be observable on I =
[t0, tf ] if the observability gramian

O(t0, tf ) =

∫ t
+

f

t
−

0

ΦA
H(τ, t0)C

H(τ)C(τ)ΦA(τ, t0)dτ

is positive definite. Analogously, (11) is said to be control-

lable on I if the controllability gramian

C(t0, tf ) =

∫ t
+

f

t
−

0

ΦA(t0, τ)B(τ)BH (τ)ΦA
H(t0, τ)dτ

is positive definite.

Dealing with time-varying systems, Definition 1 is seldom
sufficient for observer (or controller) design. Therefore, more

restrictive notions are often used.

Definition 2: System (11) is said to be uniformly observ-

able on I if for some δo ≥ 0 the two following conditions

hold

αlI ≤ O(T, T + δo) ≤ αuI, t0 ≤ T ≤ tf − δo

‖ΦA(t, τ)‖p ≤ f(|t− τ |), t, τ ∈ I

for some αl, αu > 0 and f(·) : R → R is bounded

on bounded intervals. The pair (C,A) is then said to be
a uniformly observable pair. Similarly, (11) is said to be

uniformly controllable on I if for some δc ≥ 0 the two
following conditions hold

βlI ≤ C(T, T + δc) ≤ βuI, t0 ≤ T ≤ tf − δc

‖ΦA(t, τ)‖p ≤ f(|t− τ |), t, τ ∈ I

for some βl, βu > 0. Similarly, (A,B) is then said to be a

uniformly controllable pair.

Theorem 2 (Bounded positive definite solution):

Assume that for some constant αmax

|α(t)| ≤ αmax, α(t) ∈ R, t ∈ I

(H,A) is a uniformly observable pair on I and P0 > 0. In
addition, let at least one of the following alternatives hold:

I: (A,G) is a uniformly controllable pair on I
II: the system ξ̇ = (A+ 1

2αI)ξ is diverging so that for

K,β > 0

‖Φ−1
(A+ 1

2
αI)

(t, t0)‖p ≤ Ke−β(t−t0) (12)

Then

clI ≤ P(t) ≤ cuI, t ∈ I

for some cl, cu > 0.

Proof: See [10]. �

Theorem 3 (Exponential Convergence): Assume that

the conditions of Theorem 2 hold and α(t) ≥ αmin ≥ 0, t ∈

TuA01.6

529



I for some constant αmin. Then a solution to (10) converges
exponentially at a rate of

‖e(t)‖ ≤ λ′e−
1
2
γ(t,t0) ≤ λe−

1
2
αmin(t−t0), t ∈ I

for some λ′, λ ≥ 0 and

γ(t, t0) =

∫ t

t0

α(τ) dτ

Proof: See [10]. �

The Theorems above provide the basis for observer-based

parameter identification presented in the sequel.

IV. ESTIMATING PARAMETERS FROM STATES

Estimated states of the extended systems can be used for

e. g. parameter identification and/or fault detection. In this

respect, the estimated static states are used to obtain conven-
tional IM parameters. The following result is a suboptimal

solution for the model describing faulty stator dynamics.
Theorem 4: Consider the observer (6) designed for (5).

Define ϑ = [ θT
2 θT

4 ]T . Assume θ̂ij > 0. Define ϑ̄ =

ϑ̂ − ϑ(K̂A, K̂S , µ̂A, µ̂, ε̂A, ε̂S , ε̂r) and V = ϑ̄H ϑ̄. Then the
unique solution to min V : ε̂r > 0 is given by

K̂A =
θ̂41ε̂r + θ̂21

θ̂23ε̂r − θ̂43

ε̂2r
1 + ε̂2r

K̂S =
θ̂42ε̂r + θ̂22

θ̂24ε̂r − θ̂44

ε̂2r
1 + ε̂2r

µ̂A =
ε̂2r

θ̂23ε̂r − θ̂43
; µ̂ =

ε̂2r

θ̂24ε̂r − θ̂44
(13)

ε̂A =
θ̂43ε̂r

θ̂23ε̂r − θ̂43
; ε̂S =

θ̂44ε̂r

θ̂24ε̂r − θ̂44

ε̂r = a+
√

a2 + 1

where

a =
1

2

(θ̂241 + θ̂242) − (θ̂221 + θ̂222)

θ̂21θ̂41 + θ̂22θ̂42
(14)

and ∂ε̂r

∂θ̂23

= ∂ε̂r

∂θ̂24

= ∂ε̂r

∂θ̂43

= ∂ε̂r

∂θ̂44

= 0. Furthermore, if ϑ̃ =

ϑ−ϑ̂ is sufficiently ”small”, then K̂A, K̂S , µ̂A, µ̂, ε̂A, ε̂S > 0.
Finally, ϑ̃ = 0 ⇔ K̂A = KA, K̂S = KS, µ̂A = µA, µ̂ =
µ, ε̂A = εA, ε̂S = εS, ε̂r = εr.
Proof: See [9]. �

Theorem 4 can be used to sub-optimally estimate all

but one of the model parameters of an IM with faulty

stator. Assume that K̂A, K̂S, µ̂A, µ̂, ε̂A, ε̂S, ε̂r are estimated
according to Theorem 4. Then a simple and reasonably

accurate estimate of the quotient
M ′

Ar

M
can be obtained as

M̂ ′

Ar

M̂
=

1

6

(

1

θ̂11
+ θ̂12

)

K̂S

K̂A

µ̂A

µ̂

+
1

6

(

1

θ̂31
+

1

θ̂33

ε̂A

K̂A

)

K̂S

µ̂
(15)

+
1

6

(

θ̂32 + θ̂34
K̂S

ε̂S

)

µ̂A

K̂A

Note that (15) is the mean value of the corresponding

solutions for
M̂ ′

Ar

M̂
from the static states (θ1, θ3) remaining

after the method of Theorem 4 has been used, see (4).
Then all components of θ̂ have been utilized for parameter

estimation.

After employing Theorem 4, relevant conventional IM
parameters can thereafter be estimated by (see [9])

L̂′

A =
2

3

um

K̂A

; L̂′

S =
2

3

um

K̂S

; τ̂A =
2

3

1

ε̂A

;

τ̂S =
2

3

1

ε̂S

; τ̂r =
2

3

1

ε̂r

(16)

Additionally, the stator resistances in the three-axis frame-
work are estimated as

R̂A = um

(

3

2

ε̂A

K̂A

−
1

2

ε̂S

K̂S

)

; R̂S = um

ε̂S

K̂S

(17)

V. OBSERVABILITY/CONTROLLABILITY CONDITIONS

In the context of observer-based parameter estimation,

the sufficient excitation condition of system identification
manifests itself in the observer design procedure as an

observability condition. Two basic observations can be made.

Firstly, Q should be chosen so that {(C,A) is uniformly

observable pair} ⇔ {(H,A) is uniformly observable pair},

to avoid further complications with the Riccati equation.

Secondly, as previously mentioned, G can be arbitrarily
selected. If one uses Part I of Theorem 2, then (A,G) should

be a uniformly controllable pair and the excitation problem

reduces to a pure observability problem. The following
Lemma gives an aid in choosing G.

Lemma 1: If rank{G} = n, t ∈ I, then (A,G) is an
uniformly controllable pair on I.

Proof: Omitted. �

If Part II of Theorem 2 is used, then one can choose G = 0.

It is interesting to analyze whether and under what cir-

cumstances system (8) becomes unobservable on I.

Lemma 2 (Unobservable Error Subspace):

Consider system (10) and define e(t0) = e0. Let

E = {e0 : r(t) = 0, t ∈ I}. Then the following

holds

{(10) is unobservable on I} ⇔ E 6= {0}
Proof: See [9]. �

Lemma 2 proves that analyzing unobservability on I of a
system is equivalent to examining the conditions under which

the residual r is identically zero on the considered interval.
The following Lemma is also useful in what follows. For

simplicity, it utilizes the special structure of the error system

(7).

Lemma 3: Assume that (10) has the structure

ė1 = A11e1 + A12e2 + K1r

ė2 = A21e1 + A22e2 + K2r (18)

r = e1

Assume that r(t0) = 0. Then r(t) = 0, t ∈ I iff

0 = A12(t)Φ22(t, t0)e2(t0), t ∈ I (19)

where Φ22(t, t0) is the transition matrix for the subsystem

ė2 = A22e2. The set {e2(t) = Φ22(t, t0)e2(t0) : 0 =
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A12(t)e2(t), t ∈ I} is called the unobservable error sub-

space on I.

Proof: See [9]. �

The following Theorem gives explicit expressions corre-

sponding to (19) for system (7). For ease of notation, let

z̃0
i = z̃i(t0) and θ̃0ij = θ̃ij(t0).

Theorem 5 (IM with Faulty Stator): For (7), assume
that r(t0) = 0. Then r(t) = 0, t ∈ I iff

0 = ω̄(t)z̃0
4 + z̃0

5

− ω̄(t)ıβS(t)θ̃012 + uαS(t)θ̃021 − ıαS(t)θ̃023

+ ω̄(t)

∫ t

t0

uβS(τ)dτθ̃032 − ω̄(t)

∫ t

t0

ıβS(τ)dτθ̃034

+

∫ t

t0

uαS(τ)dτθ̃041 −

∫ t

t0

ıαS(τ)dτθ̃043

0 = −ω̄(t)z̃0
3 + z̃0

6

+ ω̄(t)ıαS(t)θ̃011 + uβS(t)θ̃022 − ıβS(t)θ̃024

− ω̄(t)

∫ t

t0

uαS(τ)dτθ̃031 + ω̄(t)

∫ t

t0

ıαS(τ)dτθ̃033

+

∫ t

t0

uβS(τ)dτθ̃042 −

∫ t

t0

ıβS(τ)dτθ̃044

t ∈ I.

Proof: Follows from Lemma 3. �

VI. SIMULATION RESULTS

To support the preceding theoretical results, simulations

were performed. In fact, this is the only way to validate
a parameter estimation algorithm since in real world the

actual values of IMs are not known and also depend on

experimental conditions.

The model parameters for the electrical part were chosen
as those identified for actual IMs in [9]. It was assumed

that all relevant variables were perfectly known, i. e. the

electrical rotor speed ω̄, the two stator currents (ıαS and
ıβS) and the two normalized stator voltages (ūαS and ūβS).

The normalized stator voltages were assumed to be obtained

from a perfectly balanced voltage source leading to

ūαS = cos(ωs[t− 0.5])

ūβS = sin(ωs[t− 0.5])

where ωs = 2πf = 100π, i.e. a voltage source with net

frequency f = 50. These voltages were selected in order to
resemble a symmetrical 3-phase mains with amplitude ūm =
75 V and normalization factor um = 75 V. These values

correspond to the ones used in experiments mentioned earlier.

For all simulations, Q = γ2I, G = γCH , P(0) = 105I

and α = 0.2 where γ was chosen in a suitable manner for

each situation. For an illustration of the effects of different

choices of the design degrees of freedom, see [10].

The mechanical part is simulated as well,

˙̄ω = −αmω̄ + δ(M̄em − M̄l)

where the expressions for the normalized electromechanical
torque M̄em and the normalized load M̄l depend on the

situation in hand. All further details can be found in [9].

In the sequel, αm = 0.1, δ = 4 · 106, chosen by trial and
error to resemble the behavior of a real-life IM.

All simulations were performed in such a way that they

can be verified in a similar manner in a simple experimental

setup later on. The voltage source was switched on at t = 0.5
s, in order to simulate a start-up. In cases were it applies,

the mechanical load was switched on at t = 0.5 s as well.

Two different kinds of simulations were performed in

order to test different excitation conditions.

• Sinusoidal Load - The mechanical load was varied
according to M̄l = 7.5 · 10−6(1 − cos(1

3π[t − 0.5])),
simulating a load varying with a period of 6s.

• Switched Voltage Source - The voltage source was
switched on and off in alternating intervals of 3s re-

spectively, whereas M̄l = 0.

Here model (1, 2) and the observer (6) where K is defined

by (9) were used. The system matrices are given by (8).
For this case, the normalized electromechanical torque is

described by the algebraic relationships

M̄em = k1

[

ψ̄βS x̄αS − ψ̄αS x̄βS −

(

1 −
µ

µA

)

x̄αS x̄βS

]

k1 =
M

M ′

Ar

1 − µA

µA

; ı̄αS =
1

µA

ψ̄αS −
µ

µA

1 − µA

µA

x̄αS

ı̄βS =
1

µ
ψ̄βS −

1 − µ

µ
x̄βS

The design parameter was γ = 104 during simulations.

A. Inter-turn Short Circuit

Here the parameters were the same as the parameters

identified in [9] when there was an inter-turn short circuit in
one stator phase, see Table I. The three-axis stator resistances

Fault invariant parameter Fault influenced parameter

Parameter Value Parameter Value

L′
S

0.4434 L′
A

0.1407
µ 0.08057 µA 0.2175
τS 0.05430 τA 0.01487

τr 0.07761
M

′

Ar
M

0.8471

TABLE I

PARAMETER VALUES FOR IM WITH INTER-TURN SHORT CIRCUIT

can be calculated as RA = 10.12 and RS = 8.165. In order
to simulate a sudden fault in the IM, the initial values are

chosen according to those values obtained for the healthy

IM. The initial estimated stator resistances are estimated as
R̂A(t0) = 10.15 and R̂S(t0) = 9.393.

The estimates of RA and RS for sinusoidal load are given

in Fig. 1 and for switching power source in Fig. 2

VII. DISCUSSION

Considering the simulation results, it can be concluded
that no complex experimental arrangements have to be used

in order to assure sufficient excitation of the system. A

single-tone voltage source is sufficient. Remarkably, even
such weak perturbation as a varying load assures that ex-

citation is rich enough. Due to the fact that no superfluous
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Fig. 1. Identification of an IM with inter-turn short circuit. Excitation by
sinusoidal load. RA and RS are depicted. Solid lines - Actual parameter
values. Dotted lines - Estimated parameters. Stator voltage is switched on
at 0.5 s.
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Fig. 2. Identification of an IM with inter-turn short circuit. Excitation by
switched voltage source. RA and RS are depicted. Solid lines - Actual
parameter values. Dotted lines - Estimated parameters. Stator voltage is
switched on at 0.5 s.

assumptions have been made, all electrical parameters were

successfully identified in each case considered. For example,
one commonly accepted assumption is that the rotor speed is

approximately constant, which obviously does not hold and

is not needed in this case.
There are several possible ways of proceeding from this

point. Obviously, an absolute necessity is to validate the

algorithm on a real IM in order to confirm the promising
simulation results.

Another one is to reduce the complexity of the observer

as much as possible, i. e. expanding all matrix differential

equations into scalar ones. Due to the sparsity of the matrices
involved, significant simplification can be expected. A main

step in this direction is to use simple structures for Q and
G.

A very interesting topic is relaxing the need for linear

system description. A non-linear design, although more

complex for analysis, offers several benefits. One of them
is a lower differential order of the resulting observer, since

the redundant states are removed. Less problems with poor
excitation are also expected, due to the nonlinearities.

Another important topic for further research is to investi-

gate how measurement noise affects the identification results.

It is likely that measurement noise can seriously deteriorate
the results, due to unfavorable redundancy in the observer.

To proceed, the theoretical results should be extended to

IMs with rotor fault as well. However, this is not straight-

forward because unknown trigonometric transformations de-
pending on the rotor angle appear in the model.

Nevertheless, despite all questions remaining to be an-

swered, a foundation for simultaneous on-line identification
of all parameters in IMs has been laid. At present, the

presented method can be used for healthy IMs and for IMs

with stator faults. The suggested approach has potential both
in accurate parameter estimation as well as fault detection

of IMs under stator fault, at the same time indicating which
fault is present and to what extent. The main strength of the

methodology is that no differentiation of measured signals

is needed, and the common assumption of approximately
constant rotor speed can be successfully avoided.

VIII. CONCLUSION

In this paper, a recently derived model for IMs subject
to stator faults is used for identification of all electrical

parameters simultaneously and on-line. The model is aug-

mented with static parameter states and analytical conditions
regarding sufficient for parameter estimation excitation are

provided. Specifically, conditions for the practically impor-

tant case of IMs running at stationary conditions were also
derived. Simulations show that single-tone stator voltages

are sufficient for successful identification of all electrical

parameters. Using such an input and a time-varying load
was proven to provide sufficiently rich excitation.
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nology, Sweden, October 2006.

[9] M. Stocks and A. Medvedev, “On-line estimation of all electrical
parameters in symmetrical and faulty induction machines: Stator fault
case,” CSEE / Control Engineering Group, Tech. Rep. ISSN 1402-
1536 / ISRN LTU-TR–06/10–SE / NR 2006:10, 2006.

[10] ——, “Guaranteed convergence rate for linear-quadratic optimal time-
varying observers,” in IEEE Conference on Decision and Control, San
Diego, CA, 2006.

TuA01.6

532


