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Abstract— A robust input-output decoupling control strat-
egy for stator flux and torque of induction motors (IM) is
proposed. In order to avoid full state measurements, robust
decoupling controllers of stator flux and torque are developed.
Experimental results are presented.

I. INTRODUCTION

In the past two decades, several feedback control ap-
proaches based on input-output decoupling and linearization
have been proposed for the induction motors (IM) (see [1]
and references therein). As is well-known, the classical field
oriented control (FOC) has been improved by achieving
exact input-output decoupling and linearization via state
feedback with the change of coordinates [2], [3]. Mean-
while, the attention has been focused on the direct torque
control (DTC) problem for IM [4], [5]. Different from
FOC, the control objective of DTC is expressed in terms
of torque and stator flux regulation. Besides its simplicity,
it is claimed that the achieved performance of DTC is
(in some instances) superior to FOC for the robustness
with respect to the parameter variation [6]. This paper
proposes a robust input-output decoupling control strategy
for torque and stator flux of IM. The experimental results
are presented.

II. DYNAMICAL MODEL AND PROBLEM FORMULATION

The dynamics of IM in the fixed stator reference frame
(α, β) can be described by

i̇s =
Rrφs
σLsLr

− µis + ωrJ (is − φs
σLs

) +
1
σLs

us

φ̇s = −Rsis + us (1)

ω̇r = (Te − TL)/Dm, Te = iTs J φs
where the subscripts s and r stand for stator and rotor
quantities, φ, i and us denote flux linkage, current and
stator voltage vectors, respectively. R, L and M denote
the resistance of the self and mutual inductance. ωr is
the rotor speed, Dm is the moment of inertia, Te is the
electromagnetic torque and TL is the load torque, and

σ = 1 −M2/LsLr
µ = (RsLr +RrLs)/(LsLr −M2)

J =
[

0 −1
1 0

]
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Define ψs = |φs| and ψr = |φr |. Then with pre-feedback[
usα
usβ

]
=

[
cos θs − sin θs
sin θs cos θs

] [
uψ
uT

]
(2)

the system (1) can represented as

ψ̇s = −aRsLrψs + aRsMψr cos γ + uψ
ψsθ̇s = −aRsMψr sin γ + uT
ψ̇r = −aRrLsψr + aRrMψs cos γ
ψr θ̇r = aRrMψs sin γ + ψrωr

(3)

where a = (LsLr − M2)−1, θs, θr denote the angle of
stator and rotor flux, respectively, and γ = θs − θr.

Note that the torque Te = aMψsψr sin γ. Thus we define
the output of the system as y = [ψs, Te]T . Then, the
control problem considered is as follows: for given y∗, find
a feedback controller u = α(y, y∗) with the measurements
of the Te and ψs such that y → y∗ holds for any given
initial condition of y(0) ∈ D, where D is a given range
including y∗.

III. CONTROLLER DESIGN

It is easy to show that the system (3) has relative degree
{1, 1} under the assumption ψs �= 0 and ψr �= 0, which
is based on a physical consideration. Our first result shows
that the zero dynamics is asymptotically stable, if the initial
conditions and the reference values satisfy the condition
described in the following proposition.

Proposition 1: If the output references and the initial
conditions of the system (3) satisfy

|T ∗
e | ≤ Tem =

M2ψ∗2
s

2σL2
sLr

(4)

cos γ > 0 (5)

ψ2
r(0) ≥ M2

2L2
s

ψ∗2
s − σLr

√
T 2
em − T ∗2

e (6)

then, the zero dynamics are asymptotically stable.
Proof of proposition 1: Fixed the outputs of the system

(3) at the constant values y∗, then the zero dynamics is as

ψ̇r = −aRrLsψr + aRrMψ∗
s cos γ

γ̇ = −Rrψ∗
s/ψ

2
r + aRrLs tan γ (7)

Define χ = ψ2
r +cos2 γ, the time derivatives of χ along the

zero dynamics is

χ̇ = 2aRr
(
1 + sin2 γ/ψ2

r

) (
Mψ∗

sψr cos γ − Lsψ
2
r

)
(8)

With (5), we can get that the equilibrium points are

ψ∗2
r =

M2

2L2
s

ψ∗2
s ±σLr

√
T 2
em − T ∗2

e , γ∗ = arccos
(
Lsψ

∗
r

Mψ∗
s

)



which exist if and only if (4) is satisfied. From the phase
diagram of χ and ψr we can see that only the larger
one (marked as ψ∗

r+) is stable. From the initial condi-
tions satisying (6), we have that ψr → ψ∗

r+ and γ →
arccos(Lsψ∗

r+/(Mψ∗
s)).

In order to avoid the exact measurements of the full
states, a domination feedback design can be used to develop
a robust controller.

Proposition 2: The stator flux tracking error eψ = ψ∗
s−ψs

will converge to zero asymptotically, if uψ is given by

uψ = kψeψ + δψsigneψ (9)

where kψ ≥ 0, δψ is a positive constant and satisfies

δψ ≥ 2aRsLrψ∗
s (10)

Proof of proposition 2: Define Ψ = 1
2

(
ψ2
s/Rs + ψ2

r/Rr
)
,

the time derivative of Ψ is

Ψ̇ = a(2Mψsψr cos γ − Lrψ
2
s − Lsψ

2
r) + ψsuψ/Rs

≤ −a
√
Lr(ψs −Mψr/Lr)2 − ψ2

r/Lr + ψsuψ/Rs

When ψs > ψ∗
s , Ψ̇ < 0 holds, therefor, we consider

eψ > 0 only. From the system (3), we have ψ̇r < 0 for
all ψr > Mψs/Ls. Notice that ψs < ψ∗

s , ψr will decrease
and converge into the subspace Ω = {ψr|ψr < Mψ∗

s/Ls}
for any initial condition ψr(0) > Mψs/Ls. Therefore, in
subspace Ω, the time derivative of the Lyapunov function
Vψ = e2ψ/2 is

V̇ψ < −(δψ − 2aRsLrψ∗
s)|eψ| ≤ 0 (11)

The proof is completed.
Before the control of electrical torque, we assume that

the magnitude of stator flux has converged to the reference
value and remains constant, ψs ≡ ψ∗

s .
Proposition 3: The torque tracking error eT = T ∗

e − Te
will converge to zero asymptotically, if the initial conditions
satisfy

cos γ(t0) > 0, ψr(t0) ≥ Mψ∗
s√

2Ls
, |Te(t0)| ≤ Tem (12)

and the reference value satisfies |T ∗
e | < Tem, and uT is

given by

uT = RsT
∗
e /ψ

∗
s + kT eT + δT signeT (13)

where kT ≥ 0, positive constant δT satisfies

δT ≥ |ωr|ψ∗
s +

∣∣∣∣2σL
2
sLr

M2ψ∗
s

(
Ṫ ∗
e +

RrTem
σLr

)∣∣∣∣ (14)

Proof of proposition 3: From Proposition 1, if cos γ > 0,
then ψr → ψ∗2

r+ and ψ2
r ≥Mψ∗

s/(
√

2Ls), ∀|Te| ≤ Tem. In
this case, we also have that cos γ(t) > 0, ∀t ≥ t0, because

(aTψ∗
sψr cos γ)2 ≥ M2ψ∗2

s√
2σL2

sLr
− T 2

em > 0 (15)

When eT �= 0, we get

d|Te|2/dt = −K1T
2
e + zeK2eTTe (16)

where K1 = 2Rr/(σLr), K2 ≥ 2
(
Rs

ψ2
s

+ kT

ψ∗
s

)
, ze =

aMψsψr cos γ, moreover eTTe ≤ (|T ∗
e | − |Te|)|Te|. With

the initial conditions (12), it can be proved that ∀t > t0

ψr ≥Mψ∗
s/(

√
2Ls), cos γ ≥ 1/

√
2, |Te| ≤ Tem (17)

Consider Lyapunov function VT = e2T /2, then we can get
that V̇T < 0, ∀eT �= 0.

IV. EXPERIMENTAL RESULTS

In order to make the experimental validation of the pro-
posed control scheme, a TMS320F240 DSP based system
has been used. The motor is a 3KW, 220V, 50Hz, 4-poles
standard IM. In the experimentation, the function sign(x) is
replaced by sat(x/ε), with small ε > 0, to reduce chattering.

Fig. 1 shows the results in transient and in steady state
(with ωr = 450rpm). The experimental results illustrated
the fast response and smooth flux and torque operations
compared with PID controller [5] and classical DTC [6]
respectively.

Fig. 1. Experimental results in transient (a) and steady state (b)

V. CONCLUSIONS

A robust input-output decoupling control strategy for
induction motors is proposed based on the dynamic model
in polar coordinates, and domination feedback is used in
the robust controller to avoid full state measurements. The
main drawback of the proposed strategy is the requirement
of stator flux measurement, and the future research is to
remove it by introducing a state observer.
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