
 

 

  
Abstract—In this paper, we propose a sensorless backstepping 

control of induction motor (IM) associated with three levels neutral 
clamped (NPC) inverter. First, the backstepping approach is designed 
to steer the flux and speed variables to theirs references and to 
compensate the uncertainties. A Lyapunov theory is used and it 
demonstrates that the dynamic trajectories tracking are 
asymptotically stable. Second, we estimate the rotor flux and speed 
by using the adaptive Luenberger observer (ALO). Simulation results 
are provided to illustrate the performance of the proposed approach in 
high and low speeds and load torque disturbance. 
 

Keywords—Sensorless backstepping, IM, Three levels NPC 
inverter, Lyapunov theory, ALO.  

I. INTRODUCTION 
HE induction motor has been widely used in various 
industrial applications due to its high reliability, relativity 

low cost and easy maintenance requirements. However, its 
nonlinear structure requires decoupled torque and flux control. 
Several methods of control are used to control the induction 
motor among which the field orientation control (FOC) that 
allows a decoupling between the flux and the torque  in order 
to obtain an independent control of the flux and the torque like 
dc motors [1]. However, the control of dynamical systems in 
presence of uncertain and disturbances is a common problem 
when algorithms of classical regulation such as proportional-
integral controllers are used to control speed, flux and 
currents. Recently, several nonlinear control approaches have 
been introduced. One of these approaches that have been 
applied to induction motor control is the backstepping design 
[2], [3].  

The backstepping is a systematic and recursive design 
methodology for nonlinear feedback control. The idea of 
backstepping design is to select recursively some appropriate 
functions of state variables as pseudo-control inputs for lower 
dimension subsystems of the overall system. Each 
backstepping stage results in a new pseudo-control design, 
expressed in terms of the pseudo-control designs from 
preceding design stages. Lyapunov functions associated with 
each individual design stage to ensure the global stability of 
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the system [4]. 
The sensorless speed control of induction motor has 

received over the last few years a great interest. Thus it is 
necessary to eliminate the speed sensor to reduce hardware 
and increase mechanical robustness. In traditional approaches, 
the flux and the speed is estimated using the stator voltage and 
currents, but this can provide a large error in speed estimation, 
including very low speeds [5], [6]. The main techniques of 
sensorless control of induction motors are: model reference 
adaptive systems (MRAS), extended Kalman filter (EKF) and 
adaptive flux observer (ALO). In this paper, the ALO is used 
for the estimation of the rotor flux and speed of an induction 
motor. This estimator can be used for the joint state and 
parameter estimation of a nonlinear dynamic system. In the 
ALO, which is a deterministic observer, the rotor flux and 
speed to estimate is considered as states [7]. 

This paper is organized as follow: the induction motor 
oriented model is described in Section II, Section III reviews 
the backstepping control design, Section IV highlights the 
three levels npc inverter, in Section V the estimation of the 
rotor speed and flux using adaptive Luenberger observer is 
discussed. Finally, simulations result and conclusion are given 
in Sections VI, VII. 

II. INDUCTION MOTOR ORIENTED MODEL 
In field oriented control, the flux vector is forced to align 

with d-axis ( 0rq
rq

dΦ
Φ

dt
= = ). Thus, the induction motor model 

in (d-q) reference frame can be given by the following state 
equations: 
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where the angular frequency sω  is expressed as follow: 
 

m sq
s r

r rd

L i
T

ω ω
ϕ

= +  ;  r pω Ω=                                             (2) 

III. BACKSTEPPING CONTROL DESIGN 
The backstepping is a recursive and systematic design 

method for nonlinear and uncertain systems. It allows the 
construction of control laws from Lyapunov function which 
ensures the stability of the closed loop dynamic systems. The 
backstepping procedure is designed from two following steps:  
Step1: 

Let us define the tracking errors 1e  and 2e as follow: 
 

*
1e =Ω -Ω                    (3) 

 
2

*
rd rde = -ϕ ϕ                   (4) 

 
The errors dynamic 1e  and 2e  are given by: 

 

1
* r

rd sq

Cƒe = Ω - η i Ω
J J

ϕ + +              (5) 

 

2
* m
rd rd sd

r r

L1e = + - i
T T
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A Lyapunov function is defined as: 

 

2 2
1 1 2

1 1
2 2

V = e + e                  (7) 

 
The time derivative of 1V  is computed as: 
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where 1k  and 2k  are positive design parameters. To make 1V  

negative definite, the desired value *
sqi  and *

sdi  are defined as: 
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sd rd rd

m r

T
i = k e + +

L T
ϕ ϕ

⎛ ⎞
⎜ ⎟
⎝ ⎠

   (10) 

 
Therefore, the derivative of the Lyapunov function (7) 

becomes such as: 
 

2 2
1 1 1 2 2 0<V = -k e - k e    (11) 
 
The virtual controls in (9) and (10) are chosen to satisfy the 

objective of regulation and are considered as references for the 
next step. 
Step 2: 

Let us define the tracking errors 3e  and 4e  as follow: 
 

*
3 sq sqe = i - i    (12) 

 
*

4 sd sde = i - i    (13) 
 
Substituting the first end second equations of (1) into (12) 

and (13) respectively, the error dynamics 3e  and 3e  are given 
by: 
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On the other hand, the (5) and (6) can be expressed as: 
 

1 1 1 3rde = -k e - η eϕ    (18) 
 

2 2 2 4
m

r

L
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T
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Let us define the Lyapunov function: 

 
2 2 2 2

2 1 2 3 4

1 1 1 1
2 2 2 2

+ +V = e + e e e             (20) 

 
     The time derivative of 2V  is computed as: 
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where 3k and 4k  are positive design parameters. To make 2V  

negative definite, the desired value *
sqv   and *

sdv  are defined 
as: 
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( )3 3 1 1
* *
sq s sq rdv = σL k e +i -Ψ +η eϕ            (22) 

 

4 4 2 2

⎛ ⎞
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⎝ ⎠

* * m
sd s sd

r

L
v = σL k e +i -Ψ + e

T
           (23) 

 
The derivative of the Lyapunov (21) becomes: 
 

2 2 2 2
2 1 1 2 2 3 3 4 4 0V = -k e - k e - k e - k e <            (24) 

 
Then, the error dynamics 3e  and 4e  in (14) and (15) can be 

presented as: 
 

3 3 3 1rde = -k e - η eϕ                  (25) 
 

4 4 4 2
m

r

L
e = -k e - e

T
                 (26) 

 
 Fig. 1 shows the block diagram of the proposed control 

design. 
 

 
Fig. 1 Diagram of the proposed control design 

IV. THREE LEVELS NPC INVERTER 
Fig. 2 shows the structure of a three levels neural point 

clamp inverter with three legs [8]. Each leg consists of four 
switches, the antiparallel diodes and two clamped diodes. The 
output voltage has three possible values Ud/2, 0 and –Ud/2 
corresponding respectively to the states 1, 0 and -1.  

Table I shows the switching states available for the three 
levels inverter of Fig. 2. 

 
TABLE I 

SWITCHING STATES OF THREE LEVELS INVERTER (X=A, B, C) 
States S1X S2X S3X S4X 

1 ON ON OFF OFF 
0 OFF ON ON OFF 
-1 OFF OFF ON ON 

 

 
Fig. 2 Basic structure of three levels diode clamped inverter 

 
Fig. 3 shows a hexagon of the voltage vectors for three 

levels inverters [8]. Each leg can have three switching states, 
which results in 27 voltage vectors classified as eighteen 
effective voltage vectors and one zero vector. The zero voltage 
vector V1 has three switching states, each of the vectors (V2-
V7) has two switching states and each of the middle vectors 
(V9-V11-V13, V15) and the large vectors (V8, V10, V12, 
V14, V16, V18) has one state. 

 

 
Fig. 3 Switching states of inverter 

V.  ADAPTIVE LUENBERGER OBSERVER 
The Adaptive flux observer is a deterministic type of 

observer based on a deterministic model of the system [7]. In 
this work, the ALO state observer is used to estimate the flux 
components and rotor speed of induction motor by including 
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an adaptive mechanism based on the Lyapunov theory. In 
general, the equations of the ALO can be expressed as follow:  
 

x = Ax Bu L( y y )
y = Cx

⎧ + + −
⎨
⎩

             (27) 

 
The symbol ^ denotes estimated value and L  is the 

observer gain matrix. The mechanism of adaptation speed is 
deduced by Lyapunov theory. The estimation error of the 
stator current and rotor flux, which is the difference between 
the observer and the model of the motor, is given by [9]: 
 

( )e A LC e AxΔ= − +                          (28) 
 
where: 
 

e x x= −                     (29) 
 

0 0 0
0 0 0
0 0 0
0 0 0

r

r

r

r
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μΔω
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⎡ ⎤
⎢ ⎥−⎢ ⎥= − =
⎢ ⎥−
⎢ ⎥
⎣ ⎦

         (30) 

 
r r rΔω = ω − ω                   (31) 

 
We consider the following Lyapunov function: 
 

( )2
rTV e e

Δω
λ

= +                            (32) 

 
where λ  is a positive coefficient. Its derivative is given as 
follow: 

 

( ) ( ){ }
( ) 22

TT

r is r is r r r

V e Ä LC A LC e

e eα β β αμΔω ϕ ϕ Δω ω
λ

= − + −

− − +
        (33) 

 
with rω  is the estimated rotor speed. The adaptation law for 
the estimation of the rotor speed can be deduced bye the 
equality between the second and third terms of (33): 

 

( )r is r is re e dtα β β αω λμ ϕ ϕ= −∫              (34) 

 
The speed is estimated by a PI controller described as: 
 

( ) ( )i
r p is r is r is r is r

K
K e e e e dt

sα β β α α β β αω ϕ ϕ ϕ ϕ= − + −∫       (35) 

 
with pK  and iK  are positive constants. The feedback gain 

matrix L  is chosen to ensure the fast and robust dynamic 
performance of the closed loop observer [10], [11]. 
 

1 2
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with 1l , 2l , 3l and 4l are given by: 
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1

r
d

l
−

= − ω
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where d is a positive coefficient obtained by pole placement 
approach [12].                 

 

 
Fig. 4 Block diagram of the adaptive Luenberger observer 

VI. SIMULATION RESULTS 
A series of simulation tests were carried out on 

backstepping approach of induction motor drive based on 
adaptive flux observer. Simulations have been realized under 
the Matlab/Simulink. The parameters of induction motor used 
are indicated in Table II. 

 
TABLE II 

INDUCTION MOTOR PARAMETERS 
Rated power 3 KW 

Voltage 380V Y 
Frequency 50 Hz 
Pair pole 2 

Rated speed 1440 rpm 
Stator resistance 2.2 Ω 
Rotor resistance 2.68 Ω 
Inductance stator 0.229 H 
Inductance rotor 0.229 H 

Mutual inductance 0.217 H 
Moment of Inertia 0.047 kg.m2 

Viscous friction factor 0.004 kg.m²/s 
 
Fig. 5 shows the simulation responses of the system 

commanded for 1 Wb of rotor flux and 100 rad/s of rotor 
speed with the application of a load torque (TL = 10 Nm) 
between t = 1s and t = 1.5 s. Fig. 6 shows the simulation 
responses with steps in speed varying between -100 rad/s and 
100 rad/s and we keep constant the rotor flux. In order to 
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confirm the effectiveness of the proposed control at high and 
low speed, we made a third and fourth simulations as shown in 
Figs. 7 and 8.  
 

 

 

 

 

 
Fig. 5 Simulation responses using ALO observer under load torque 

 

 

 

 

 
Fig. 6 Simulation responses using ALO observer with a speed reverse 
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Fig. 7 Simulation responses using ALO observer at high speed 

 
With the results, we can notice the good estimated speed 

tracking performance test in different working in high and low 
speed in terms of overshoot, static error and fast response. The 
flux is very similar to the nominal case. The stator phase 
current remains sinusoidal and takes appropriate value. It is 
evident from these simulation results that the proposed 
backstepping controller presents an excellent performance. 

 

 

 

 

 
Fig. 8 Simulation responses using ALO observer at low speed 

VII. CONCLUSION 
In this paper, we have designed a speed and flux control of 

the induction motor using a backstepping control approach 
with adaptive Luenberger observer that provides simultaneous 
estimation of rotor flux and rotor speed associated with the 
three levels neutral point clamped inverter. The estimation of 
the rotor speed is deduced using Lyapunov theory. The 
simulation results have demonstrated the effectiveness of the 
proposed scheme for steady state responses of flux and speed 
even at low and high speed.  
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