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Abstract: In this paper we address the problems of flux and rotor resistance estimation of
induction motors. We propose a radically new approach that combines the recently introduced
techniques of parameter estimation based observers (PEBO) with the dynamic regression
extension and mixing (DREM) parameter adaptation. The PEBO framework is used to recast
the flux observation task as a parameter estimation problem, for which the DREM technique is
utilised. The resulting flux observer is then combined with a standard gradient estimator for the
rotor resistance. Simulation results of an adaptive implementation of the classical field oriented
controller demonstrate the effectiveness of the proposed flux observer and rotor resistance
estimator even in closed-loop operation.
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1. INTRODUCTION

Induction motors (IM) have traditionally been the workhorse
of industry in a wide range of servo applications. Since the
dynamics of the IM is highly nonlinear and its state is not
available for measurement it has been necessary to develop
advanced control techniques when high performance re-
quirements are imposed. In 1972 Blaschke and Hasse intro-
duced the so-called field-oriented control (FOC) method,
which is based on a nonlinear coordinate change that
makes the dynamics of the IM very similar to the equations
of a DC motor. Since the control of DC motors is much
simpler and better understood, FOC has become the de
facto industry standard. A drawback of FOC is that it
requires knowledge of the rotor resistance, which varies
significantly with temperature, frequency and current am-
plitude. Even though it has been shown in (de Wit et al.
(1996)) that stability is preserved for very large errors in
rotor resistance estimation, this mismatch seriously affects
the performance: it degrades the flux regulation, which
may lead to saturation or underexcitation, slows–down the
torque response and induces a steady-state error.

In view of the situation above it is widely recognized
that one of the most practically relevant open problems
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in IM control is the development of high-performance
schemes that are insensitive to rotor resistance variations,
e.g., incorporating adaptation features. A globally stable
adaptive design for current-fed IMs with unknown rotor
resistance and load torque was reported in Marino et al.
(2000)—however, the proposed controller is much more
complicated than the basic FOC and is difficult to imple-
ment and tune. See (Ortega et al. (1998) and Peresada
et al. (2003)) for some theoretical and experimental evi-
dence.

The problem of estimating the rotor resistance of induction
motors is also important in other applications, includ-
ing fault detection and motor calibration, see (Marino
et al. (1995), Pavlov and Zaremba (2001), Castaldi et al.
(2005)) and references therein. A well-known approach
to estimate the rotor resistance (or rotor time constant
that also involves the rotor self-inductance), is to inject
a current perturbation signal (Matsuo and Lipo (1985))
or adding short duration pulses, see (Wade et al. (1997)).
Other examples in the literature include the use of ex-
tended Kalman filters (Laroche et al. (2008)), least-squares
methods (Li-Campbell et al. (2007),Wang et al. (2007))
or methods based on the reactive-power reference model
Roncero-Sánchez et al. (2007). More recently, other au-
thors proposed estimation techniques based on sliding
modes (Proca and Keyhani (2007), Kenné et al. (2010)) or
Lyapunov-based methods (Salmasi and Najafabadi (2011),
Verrelli et al. (2014)).
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To estimate the rotor resistance we propose in this paper
a three step procedure. First, using the novel PEBO
reported in (Ortega et al. (2015)) reformulate the problem
of flux observation as a parameter estimation problem.
Second, use the new, high performance, DREM parameter
adaptation technique of (Aranovskiy et al. (2016b)) to
estimate these unknown parameters. Finally, to apply
some filtering techniques to the stator current equation—
similar to the ones used in (Bobtsov et al. (2015))—to
derive a linear regression model for the rotor resistance
for which a standard gradient estimator is applied. Since
the current dynamics depends on the rotor flux, in this
last step this quantity is replaced, in a certainty equivalent
way, by its observed value generated via the PEBO-DREM
combination described above. In the paper we also explore
a second possibility to estimate the rotor resistance which
is to proceed as before but using the rotor flux equation
instead of the stator current equation. Even though it is
not proven, simulation results show that proposed flux and
resistance observer works in the closed loop system when
the estimates are used by FOC.

The use of DREM in the PEBO, instead of a classical
gradient, is motivated by the fact that the former exhibits
a far better transient performance behaviour, see Ara-
novskiy et al. (2016a). Moreover, as shown in (Aranovskiy
et al. (2016b)), parameter convergence is guaranteed with-
out the usual requirement of regressor persistency of exci-
tation (PE)—imposing, instead, that the regressor should
not be square-integrable.

If PE condition is satisfied both DREM-based and classical
gradient estimators converge exponentially fast. DREM
estimator also ensures global convergence if the regressor
is not square-integrable, while the convergence of the
gradient one is not guaranteed in this case. Relaxing the
PE requirement is a fundamental feature of DREM that
plays a central role in this IM application.

The remaining of the paper is organized as follows. In
Section 2 we present the model of the IM and the problem
formulation. Sections 3 and 4 contain the main results,
namely, in the former we present the new flux observer
while the latter contains the two rotor resistance esti-
mators. In Section 5 we present simulation results of an
adaptive implementation of the classical field oriented
controller, which demonstrate the effectiveness of the pro-
posed flux observer and rotor resistance estimator even
in closed-loop operation. In the simulations we compare
the use of standard gradient estimator and DREM in the
proposed PEBO, showing the improved performance of
the latter. We also compare in simulations the two rotor
resistance observers proposed in the paper. Our work is
wrapped-up with concluding remarks in Section 6.

2. IM MODEL AND PROBLEM STATEMENT

The classical two-phase a-b model of an induction motor
is given by (Astolfi et al. (2008))

σLsLr

M

d

dt
iab =−

(
RsLr

M
+

MRr

Lr

)
iab

+

(
Rr

Lr
I − npωJ

)
λab +

Lr

M
vab (1)

λ̇ab =
MRr

Lr
iab −

(
Rr

Lr
I − npωJ

)
λab, (2)

ω̇ =
npM

JmLr
i�abJλab −

τL
Jm

, (3)

where iab ∈ R2 is the stator current, vab ∈ R2 is the
stator voltage, λab ∈ R2 is the rotor flux, ω is the ro-
tor speed, Rr, Lr,M, np, Jm, Rs, Ls are positive constants
representing the rotor resistance, rotor inductance, mutual
inductance, number of pole pairs, moment of inertia, stator
resistance and stator inductance, respectively, σ = 1 −
M2/(LsLr) is the leakage parameter, τL is the unknown
load torque that, as always, is assumed constant, 1 and

I =

[
1 0
0 1

]
, J =

[
0 −1
1 0

]
.

The objective is to estimate Rr and λab, assuming that all
other motor parameters are known and the stator currents
and voltages and the rotor speed are measured.

As usual in open-loop observation scenarios, we assume
that the external signals vab and τL are such that the
system (1)-(3) is forward complete and all the signals are
bounded. Furthermore, to complete the stability analysis
we will assume that vab and iab are absolutely integrable.
This assumption is consistent with the motor operation
since, in steady-state, these signals are periodic of zero-
mean.

3. ROTOR FLUX OBSERVER

In this section we first derive, from (1), some dynamic
relations that are instrumental to formulate the rotor
flux observation problem using PEBO, i.e., to be able to
reconstruct the flux by estimating from a linear regression
some suitable initial conditions. Then, we apply DREM to
estimate the parameters of this regression.

3.1 Model reparametrization

Let us define the signal, which appears in (1) and (2),

ζ :=

(
Rr

Lr
I − npωJ

)
λab.

Replacing ζ from (1) into (2) yields

λ̇ab = −σLsLr

M

d

dt
iab −
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M
iab +

Lr

M
vab. (4)

Integrating the latter we obtain
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σLsLr

M
iab(t) +
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M
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− RsLr

M
z2(t) +

RsLr

M
z2(0) +

Lr

M
z1(t)−

Lr

M
z1(0), (5)

where we introduced two auxiliary variables

ż1 = vab

ż2 = iab. (6)

Notice that, in view of the absolute integrability assump-
tion of vab and iab, the vector z is bounded. Then, defining
the unknown constant vector

η := λab(0) +
σLsLr

M
iab(0) +

RsLr

M
z2(0)−

Lr

M
z1(0)

1 The rationale for this assumption is the time scale separation
between the electrical and the mechanical dynamics.
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and the measurable signal

χ := −σLsLr

M
iab −

RsLr

M
z2 +

Lr

M
z1, (7)

we can rewrite (5) in the following simple form

λab = η + χ. (8)

In this way, in the spirit of PEBO, the problem of the
flux estimation is transformed into one of estimation of
the unknown parameter vector η.

3.2 Flux observer

The observed flux is obtained replacing an estimate of the
parameters, say η̂, in (8) to get

λ̂ab = η̂ + χ. (9)

Defining the flux observation and parameter estimation
errors as

λ̃ab := λ̂ab − λab, η̃ := η̂ − η,

we see that
λ̃ab = η̃, (10)

therefore the convergence properties of the flux observer
and the parameter estimator coincide.

Substitution of (8) in (3) results in

ω̇ =
npM

JmLr
i�abJη +

npM

JmLr
i�abJχ− τL

Jm
.

Next, we apply to the latter a filter

F (p) =
αp

(p+ α)2
,

with differential operator p = d
dt and α > 0 a design

parameter to get

αp2

(p+ α)2
[ω] = − npM

JmLr
η�J

αp

(p+ α)2
[
i�ab

]

+
npM

JmLr

αp

(p+ α)2
[
i�abJχ

]
− 1

Jm

αp

(p+ α)2
[τL] ,

where we swapped the terms in the first right hand side
scalar product to underscore that the constant η can be
pulled out from the filter action and used the fact that
J� = −J . Since τL is constant the last right hand term
in the equation above decays to zero exponentially fast. In
Lemma 1 of (Aranovskiy et al. (2015)) it is shown that the
asymptotic behaviour of the estimator is not affected by
exponentially decaying terms, therefore, they are neglected
in the sequel.

Finally, defining the new measurable signals

y :=
αp2

(p+ α)2
[ω]− npM

JmLr

αp

(p+ α)2
[
i�abJχ

]

q :=− npM

JmLr
J

αp

(p+ α)2
[iab] , (11)

we obtain the standard linear regression model

y = q�η. (12)

Given (12) the identification of the unknown parameters
η can be carried out in several ways (Sastry and Bodson
(1989)). In this paper we compare two approaches, the
well-known standard gradient estimator and the DREM al-
gorithm, recently proposed in (Aranovskiy et al. (2016b)).

3.3 Gradient estimator

The gradient estimator is given by

˙̂η = Γq(y − q�η̂), (13)

where Γ = Γ� > 0 is a design parameter. The stability
properties of this estimator are given by the following well-
known proposition.

Proposition 1. Consider the IM model given by (1), (2).
The flux observer consisting of (6), (7), (9), (11) with the
standard gradient estimator (13) ensures global exponen-
tial convergence of the flux observation error if and only
if q is PE.

Proof 1. Combining (12) and the gradient estimator (13)
gives the classical error model

˙̃η = −Γqq�η̃. (14)

It is well-known (Sastry and Bodson (1989)) that the zero
equilibrium of (14) is globally exponential stable if and
only if q is PE. This, together with (10) completes the
proof.

3.4 DREM estimator

To construct the DREM estimator we first apply a dy-
namic operator β

p+β with design parameter β > 0 to the

original regressor (12). Thus, we get the new regression
model

ȳ = q̄�η, (15)

where

ȳ :=
β

p+ β
[y], q̄ :=

β

p+ β
[q]. (16)

The next step is to combine the original regression equa-
tion (12) with the new filtered regression (15) and forming
the extended regressor

Ye = Qeη, (17)

where

Ye :=

[
y
ȳ

]
, Qe :=

[
q1 q2
q̄1 q̄2

]
.

Premultiplying (17) from the left by the adjunct matrix of
Qe

adj{Qe} =

[
q̄2 −q2
−q̄1 q1

]

yields
ξ = φη, (18)

where we defined the signals

ξ :=

[
q̄2y − q2ȳ
q1ȳ − q̄1y

]
, φ := q̄2q1 − q2q̄1. (19)

Notice that (18) consists of two separate scalar linear
regressions, one for each unknown parameter η1 and η2,
instead of one two-dimensional regression (12) involving
both terms.

The last step in DREM algorithm is the design of the scalar
estimators

˙̂η1 = γ1φ(ξ1 − φη̂1)

˙̂η2 = γ2φ(ξ2 − φη̂2), (20)

where γ1 > 0 and γ2 > 0 are the adaptation gains.
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