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Abstract: Recently, many works have been made to improve the performance of sensorless induction motor drives.
However, parameter variations and low-speed operations are the most critical aspects affecting the accuracy and stability of
sensorless drives. This work presents a sensorless vector control scheme consisting of the first hand of a velocity estimation
algorithm that overcomes the need for sensor velocity and secondly a robust variable structure control law that compensates for
the uncertainties present in the system. Simulation results confirm the efficacy of the proposed approach.
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1. Introduction
The induction motor (IM) is widely used in industry
because of its advantages such as reliability, efficiency, and
low cost in comparison to other motors used in similar
application [1]. The dynamic model of induction motor is
precisely nonlinear, so having control over induction motor is
a challenging problem which attracted much attention. The
vector controlled method is generally used due to its
simplicity and fast response. The use of vector controlled
induction motor drives allows obtaining several advantages
compared to the DC motor in terms of robustness, size, lack
of brushes, and reducing cost and maintenance. It achieves
effective decoupling between torque and flux, [2-4].
The speed of an induction motor is usually measured by
using a speed sensor. But the speed sensors are not suitable
under varying environmental conditions, as the measurement
suffers due to large mechanical shocks. It also reduces the
reliability and increases the cost of the drive. In recent years
sensorless induction motor drives have been widely used. But
sensorless speed FOC induction motor drive are sensitive to
the motor parameter variations, especially to the stator and

rotor resistances that change with temperature and skin
effects, [5, 6]. It is clear that when this parameters varies,
decoupling between the flux and torque components of stator
currents is lost and hence the operational performance of the
machine deteriorates. However, when a very high accuracy is
desired, the performance of speed estimation is not good
particularly at low speeds, [7, 8, 9]. To solve this problem,
this paper proposes a method for both rotor speed
identification with stator and rotor resistance estimation in
sensorless induction motor drives based on sliding mode
observer.
This paper is organized as follows. Section 2 shows the
dynamic model of induction motor. Sliding mode observer
will be described in Section 3. The proposed solution will be
presented in Section 4. In Section 5, results of simulation
tests are reported. Finally, Section 6 draws conclusions.

2. Dynamic Model of Induction Motor
By referring to a rotating reference frame, denoted by the
superscript (d, q), the dynamic model of a three–phase
induction motor can be expressed as follows [3]:
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- Establish the slip conditions (calculation of the observer's
gains for which all the trajectories of the system move
towards the sliding surface (attractiveness) and remain there
(invariance).
The observer is only a copy of the original system to
which one adds the control gains with the terms of
commutation; thus,
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ωs and ωr are the electrical synchronous stator and rotor
speed; σ is the linkage coefficient, and Tr is the rotor time
constants.

3. Sliding Mode Observer
A sliding-mode observer is an observer whose gaincorrector term contains the discontinuous function: sign.
Sliding modes are control techniques based on the theory of
systems with variable structure, [10].
A sliding-mode observer is written in the form, [11]:

ɺ

ξˆ = f (ξˆ, u) + Λsign( y − yˆ )
yˆ = h(ξˆ)

(2)

With

ξˆ : Estimated state

Λ : Matrix Gain of the observer
f (.) : Nonlinear function of state evolution
h (.) : Nonlinear output function

y and ŷ : Outputs measured and estimated.
The sliding mode observer consists of stabilizing the error
dynamics of the states to be estimated, which amounts to, [11]:
- Determine a slip surface on which the error of the

dxˆ ˆ
= Axˆ + Bu + K sign(iˆs − is )
dt

(3)

The sliding surfaces are defined by:
 S  iˆ − i 
S =  1  =  sα sα 
 S 2   iˆsβ − isβ 

(4)

The difference between the models (system and observer)
generates a state model of the error is given as follows:

de
= Ae + ∆Axˆ + K sign (iˆs − is )
dt

(5)

The conditions of the sliding mode, in terms of
convergence towards the surface and invariance on the same
surface, make it possible to write:

ei = 0,

dei
=0
dt

(6)

And so the equation of state (5) becomes:

0 = A12 eφ + ∆A11iˆs + ∆A12φˆr − H
d
eφ = A22eφ + ∆A21iˆs + ∆A22φˆr + LH
dt
With H = − K1 sign (iˆs − is )

(7)

American Journal of Computer Science and Technology 2019; 2(1): 1-8

The modeling error, or variation of A, is considered to be
due to the only variation of the parameter ω , hence the
formulations:
∆ω 
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From equation (8), he comes:
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Knowing that, A22 = −ε A12 Equation (11) becomes
simpler and becomes:

The substitution in equations (7) gives:

0 = A12 eφ −

3

(12)

σ Ls Lr
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With regard to the determination of k1 and k2 one must

check the condition of Popov S.Sɺ < 0 , to ensure the stability
of the flow observer. As a result, the equation of the current
error in the following form must first be explained:

0   e1   γ 2 γ 3  e3   − k1 sign.(e1 ) 
.
+
.
+
− γ 1  e2  − γ 3 γ 2  e4  − k 2 sign.(e2 )

(13)

With

γ1 =

Rs
L2m
Lm
Lm
+
.η r γ 2 =
.η r γ 3 =
.ωr
σ .Ls σ .Ls Lr ;
σ .Ls Lr ;
σ .Ls Lr

And since the state variables φrα (t ), φrβ (t ) are naturally bounded, we consider two positive parameters such as

φ rα < η1 and φrβ < η2
Assuming moreover that both parameters η1 and η 2 satisfy the following two equations:
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So if we take, k1 = ρ1 + c1 and k2 = ρ2 + c2
With c1 and c2 are two positive constants.

4. Simultaneous Estimation of Rotor
Speed and Stator Resistance by Sliding
Mode Observer
The estimation method hereafter estimates the rotor speed
of the induction motor and the stator resistance of the motor
at the same time. Thus, this method improves the estimation
accuracy, reliability and robustness of the induction motor
speed identification system.
The state model of the error is given as follows, [12-14].

)

)

de
= Ae + ∆Axˆ + K sign (iˆs − is )
dt

(14)

The state model of the error is given as follows
With:

e = xˆ − x = [ei eφ ]T State error, state estimation error
∆A = Aˆ − A Modeling error
ei = iˆs − i s Current error, stator current estimation error

eφ = φˆr − φr

Flow error, rotor flow estimation error

 ∆A
∆A =  11
∆A21

∆A12 
∆A 22 

(15)
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4.1. Stability of Identification System
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J
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Popov's theory of hyper-stability is applied here to
examine the stability of the proposed identification
system. This requires that the error system and the
feedback system be derived so that the theory could be
applied.
The authors in [8, 15-17] proposed that the actual and
estimated rotor fluxs are the same, hence the error equation
(14) is as follows:

z = ∆A11iˆs + ∆A12φˆr

z = −L1∆Rs − L2∆ωr

(19)

Popov's criterion of equation (18) writes as follows:
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The condition (24) is verified by equalization of (25) and (26) with the adaptation mechanism is given by (27), (28) for
speed estimation and online identification of the stator resistance respectively:

∫

(27)

∫

(28)

ωˆ r = Kω [k1 sign (iˆsα − isα )φˆrβ − k 2 sign (iˆsβ − isβ )φˆrα ]dt
Rˆ s = K Rs [k1 sign (iˆsα − isα ) iˆsα − k2 sign (iˆsβ − isβ )iˆsβ ]dt

Where K ω , K R s are the adaptive gains.

American Journal of Computer Science and Technology 2019; 2(1): 1-8

4.2. Estimation of Rotor Resistance
To improve the performance and simplify the vector
control and reduce its cost, we will base this part on a
hypothesis to deduce the value of the rotor resistance
estimate from the estimation of the stator resistance. Still, it
is assumed that the motor windings are almost at the same
temperature, and neglecting the skin effect, the resistances
will vary proportionally.
The rotor resistance estimate can be determined by the
following relation, [18]:

R
Rˆ r = Rˆ s . r .n
Rs.n

(29)

5. Simulation Results and Discussion
To demonstrate the faisability of the proposed estimation
algorithm, and incorporated into a speed control system of a
IM with indirect oriented rotor flux, the simulation of the
complete system, figure 1 was carried out using different of
cases that will be presented and discussed next.
The simulation results (Figure 2), show the simultaneous

5

estimation of the speed and two resistors (stator and rotor)
It is clear that:
The estimated resistances converge to the nominal
resistances quickly and with great accuracy, or the estimation
error is acceptable after a very short transient regime.
The injection of these values into the flux observer keeps
the performances of the flux observer and the vector control,
in fact all the basic magnitudes of the machine (speed, rotor
flux, stator currents, and the torque ) converge to their
nominal values.
So we can say that all the parameters are identical
(resistances of the motor and the observer).
- Low speed operation
Figure 3 illustrates the simulation results of the Speed
Sensorless Vector Control based on estimation of the speed
of rotation, Rr and Rs simultaneously, for a low speed
reference (10 rad / sec) and application of a resistant torque
at t = 1 s .
Note that the convergence of the resistive parameters is
always ensured. So we can conclude that this observer can
work satisfactorily in the various conditions, either that it is
the heating of the resistances or the low speed drive.

Figure 1. Block diagram of sensorless indirect vector control of IM using a sliding mode observer.
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Figure 2. Simulation results of the speed estimation with stator resistance and rotor resistance increased sharply by 50% from rated value.
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Figure 3. Speed sensorless control with stator and rotor resistance estimation at low speed under a load change from 40% to the rated value at t = 1 s.
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6. Conclusions
This paper proposes the simultaneous estimation of rotor
speed with rotor and stator resistance for speed sensorless
control of induction motor. This estimation technique mainly
responds to the most critical needs of the induction machine
control laws in terms of parametric robustness and ensures
smooth operation over the entire speed range. It is used to
process the estimation of the following quantities: the rotor
flux, the rotor resistance, the stator resistance and the speed
of rotation. Several ideas have been exploited to meet these
needs.
The analysis of the results obtained shows that this
estimation technique makes it possible to obtain a flow and
torque decoupling comparable to that of a separate excitation
DC machine. During the tests carried out, we notice the
superiority of the sliding mode observer in terms of
robustness even with respect to strong disturbances (load and
resistances) with a fairly fast tracking dynamics.

Appendix
Induction Motor Parameters
1.5 Kw, 1420 rpm, 380 V, 3.7A, 50 Hz,
Rr =3.805Ω, Rs =4.85Ω, Ls =274 mH, Lr =274 mH J =
0.031 kg.m2, F=0.00114kg.m2/s.
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