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Introduction. The control algorithm of Induction Motor (IM) is massively dependent on its parameters; so, any variation in these 
parameters (especially in rotor resistance) gives unavoidably error propagates. To avoid this problem, researches give more than 
solution, they have proposed Variable Structure Control (VSC), adaptive observers such as Model Reference Adaptive System, Extended 
Luenberger Observer (ELO) and the Extended Kalman Filter (EKF), these solutions reduce the estimated errors in flux and speed. As 
novelty in this paper, the model speed observer uses the estimated currents and voltages as state variables; we develop this one by an 
error feedback corrector. The Indirect Rotor Field Oriented Control (IRFOC) uses the correct observed value of speed; in our research, 
we improve the observer’s labour by using back-stepping Sliding Mode (SM) control. Purpose. To generate the pulse-width modulation 
inverter pulses which reduce the error due of parameters variations in very fast way. Methods. We develop for reach this goal an 
exploration of two different linear observers used for a high performance VSC IM drive that is robust against speed and load torque 
variations. Firstly, we present a three levels inverter chosen to supply the IM; we present its modelling and method of control, ending by 
an experiment platform to show its output signal. A block diagram of IRFOC was presented; we analyse with mathematic equations the 
deferent stages of modelling, showed clearly the decoupling theory and the sensorless technique of control. The study described two 
kinds of observers, ELO and EKF, to estimate IM speed and torque. By the next of that, we optimize the step response using the fuzzy 
logic, which helps the system to generate the PI controller gains. Both of the two observers are forward by SM current controller, the 
convergence of SM-ELO and SM-EKF structures is guaranteed by minimizing the error between actual and observed currents to zero. 
Results. Several results are given to show the effectiveness of proposed schemes. References 25, table 2, figures 9. 
Key words:  induction motor, indirect rotor field oriented control, extended Kalman filter observer, extended Luenberger 
observer, fuzzy logic control, sliding mode control. 
 
Вступ. Алгоритм керування асинхронним двигуном (АД) багато в чому залежить від його параметрів; тому будь-яка зміна 
цих параметрів (особливо опору ротора) неминуче призводить до поширення помилок. Щоб уникнути цієї проблеми, 
дослідники пропонують щось більше, ніж просто рішення: вони запропонували управління змінною структурою (VSC), 
адаптивні спостерігачі, такі як адаптивна система еталонної моделі, розширений спостерігач Люенбергера (ELO) та 
розширений фільтр Калмана (EKF); ці рішення зменшують передбачувані помилки за потоком та швидкістю. Новизною цієї 
статті є те, що спостерігач швидкості моделі використовує оцінені струми та напруги як змінні стани; ми розробляємо 
його за допомогою коректора зворотного зв'язку помилки. Непряме управління з полю ротора (IRFOC) використовує 
правильне значення швидкості; у нашому дослідженні ми покращуємо роботу спостерігача, використовуючи керування 
ковзним режимом (SM) зі зворотним кроком. Мета. Генерувати імпульси інвертора широтно-імпульсної модуляції, які 
швидко зменшують помилку, викликану змінами параметрів. Методи. Для досягнення цієї мети ми розробляємо дослідження 
двох різних лінійних спостерігачів, що використовуються для високопродуктивного приводу VSC АД, стійкого до змін 
швидкості та моменту навантаження. По-перше, ми представляємо трирівневий інвертор, вибраний для живлення АД; ми 
представляємо його моделювання та метод управління, закінчуючи експериментальною платформою, що демонструє його 
вихідний сигнал. Представлена блок-схема IRFOC; ми аналізуємо за допомогою математичних рівнянь різні етапи 
моделювання, наочно демонструючи теорію розв'язки та безсенсорний метод керування. У дослідженні описані два типи 
спостерігачів, ELO та EKF, для оцінки швидкості та крутного моменту АД. Далі ми оптимізуємо перехідну реакцію, 
використовуючи нечітку логіку, яка допомагає системі генерувати коефіцієнти посилення ПІ-регулятора. Обидва з двох 
спостерігачів передаються контролером струму SM, зближення структур SM-ELO та SM-EKF гарантується за рахунок 
зведення до нуля помилки між фактичним та спостережуваним струмами. Результати. Наведено результати, що 
показують ефективність запропонованих схем. Бібл. 25, табл. 2, рис. 9. 
Ключові слова: асинхронний двигун, непряме керування по полю ротора, розширений спостерігач фільтра Калмана, 
розширений спостерігач Люенбергера, керування нечіткою логікою, керування ковзним режимом. 
 

Introduction. Recently, in the literature researches 
develop Induction Motor (IM) control in modern 
methods, taking in consideration IM parameters variations 
as inputs and signal behaviors as wishes outputs, the 
implantation of modern observers in control schemes is 
more than necessary. 

In several structures and families, observers take 
places in linear and non-linear configurations systems as 
important solution can deals with motors states variations 
in good manner; for example, in the case when IM 
parameters was changed, we can see in [1-7] that the 
researches use adaptive observer as solution to get a speed 
convergence, in [8-11] researches deal with this problem 
by using back-stepping control, which gives better results. 

We can see also in [12-24] the using of fuzzy logic 
technique to observe the controller parameters. In [22] the 
writer gives a model of Sliding Mode (SM) observer 
powered by fuzzy logic technique in goal of minimizing 

the error surface. In [22, 24], they use fuzzy logic to 
esteem the PI or PID parameters (Kp and Ki) which vary 
with the IM parameters variation during system operation. 

Purpose. In our work, we take a new reasoning 
method to preserve the system divergence when changing 
motor parameters (rotor resistance in our case). We 
propose the using of a Variable Structure Control (VSC) 
methodology in order to improve the system robustness, 
the application runs by the implementation of SM in two 
observers structures combining by Extended Luenberger 
Observer (ELO) and Extended Kalman Filter (EKF) is 
shown in [12-17] the system is vector-controlled by 
indirect rotor field control scheme. 

Not only the control of parameters variations is 
reached in our proposed method; but the robustness is 
also ameliorated by using SM, which we can observe in 
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lateral conditions of speed and torque variations during 
system operation. 

In addition, in our paper, we made a comparison 
between SM control and fuzzy logic technique, this 
comparison allowed us to select our prefer method which 
plays a role in the improvement of the IM nonlinear 
sensorless control. 

The simulation results, in the end of work, are given 
to show the effectiveness of proposed control approach. 
Those results are obtained from a drive control algorithms 
in the laboratory, with the help of MATLAB tool. 

Three levels voltage inverter. We can create Three 
Levels Inverter (3LI) voltages in complete bridges by 
collecting three half-bridges using capacitive divider 
structure (Fig. 1). 

 

 
Fig. 1. Three Levels inverter Neutral Point Clamped (3LI-NPC) 

 

1. Inverter’s command strategy. The output 
voltages of 3LI are given in: 
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where BKi is the transistor’s base command TKi. 
Researchers have controlled the 3LI with deferent 

pulse-width modulation (PWM) strategies; in the next 
(Fig. 2 and Table 1) we present simulation and 
experimentation comparison between three strategies 
methods, we found that saw tooth-sinusoidal command is 
the better one to use; we use it, in this research, with two 
identical carriers. The experimental results in [18] were 
raised by using the acquisition card AT-MIO-16X 
through a current and voltage sensor card. 
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Fig. 2. Output voltage Va as a function of time: 
- triangular-sinusoidal command with one carrier simulation 

result in (a) and experimentation result in (b); 
- principle of saw tooth-sinusoidal command with two carriers: 
reference voltage and saw tooth carrier 1 in (c) and reference 

voltage and saw tooth carrier 2 in (d); 
- saw tooth-sinusoidal command with two carriers simulation 

result in (e) and experimentation result in (f); 
- vector modulation strategy simulation result in (g) 

and experimentation result in (h) 
 

Table 1 
Comparison between harmonics of the various command types 

Command strategy THD max THD min
Triangular-sinusoidal with one carrier 0.671 0.669 
Saw-tooth-sinusoidal with two carriers 0.421 0.420 
Vector modulation 0.498 0.497 

 

2. Power stage. The IGBT transistor characteristics 
are: IRFBC40, 3 to 8 kHz, VCE = 600 V, IC = 49 A, 
VCE (sat) ≤ 2 V, ETS ≤ 9 mJ. 

The commutation diode characteristics: BYT30PI 
1000, VRRM = 1 kV, IF = 30 A, trr = 55 ns, VS = 1.47 V. 

Command stage: 
 PIA card (Parallel Interface Adapter); 
 a galvanic insulation card for the PC and card PIA 

protection; 
 an interface card. 

Sample of experimental installation is shown in Fig. 3. 

 
Fig. 3. Experimental installation constituents 

 

Field oriented control structure. This plan uses a 
more robust strategy (Fig. 4), which exclude all kind of 
sensors in its algorithm. 
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Fig. 4. Field oriented controller block diagram 

 

The Indirect Rotor Field Oriented Control (IRFOC) 
proposes: 
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(2) 

k = M/LsLr; , k are the simplifying constants;  = 1 – M 

2/LsLr; N is the estimated speed; Ls, Lr are the stator and rotor 
inductances; Lm is the mutual inductance; Rs, Rr are the stator 
and rotor winding resistances; M is the mutual magnetizing 
inductance;  is the leakage coefficient; p is the number of 
pole pairs.  

The decoupling between d and q axes can be 
realized by: qr = 0; dqr/dt = 0, and dr = r, where r 
is the rated flux. So: 
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The mechanical equations, electromagnetic torque 
and motor speed are related by: 

lTeTfN
t

N
J 

d

d ,                         (4) 

where Te, Tl are the electromagnetic and load torques; f is 
the friction coefficient; J is the total inertia. 

The expression of electromagnetic torque is: 

qsir
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M
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The decoupled system is given by: 
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where «^» is the estimated value; «*» is the reference value. 
Sensorless speed control design. The estimation of 

synchronous angular speed is calculated by using the row 4 in (3): 
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where r


 is the estimate flux;  = 0.01 is the constant to 

avoid the mathematical divergence when 0r
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From the row 3 of (3) we estimate: 
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Speed control. From the synchronous angular 
speed, we obtained tee d  . To estimate the speed, we 

establish following function:  
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Closed loop Luenberger observer implantation. 
Several researches use ELO in sensorless control of IM 
[14, 16, 17], the goal is to remove all mechanical sensors. 
From (4) and (5) we have: 
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The 2nd order ELO is given by: 
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where Nobs is the observed speed; Tl_obs is the observed 
load torque. We put l1 = 250, l2= –600 to fix the observer 
dynamics. 

Control with extended Kalman filter observer. 
EKF offers the estimation of the systems states [12, 13]. 
The forward approximation is used to discretize (2): 
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where 
f(x(k), k) + g(u(k), k) = Adx(k) + Bdu(k); 

Ad = I + AcTs; Bd = BcTs; 

where ids, iqs are the d-q axis stator 
currents; vds, vqs are the d-q axis 
stator applied voltages; dr, qr are 
the d-q rotor flux linkages; r is the 
rotor time constant, r = Lr/Rr; e is
the  synchronous  angular  speed; 
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where Ts = (tk – tk–1) is the sampling time. 
The stochastic model of the disturbances is 

established by adding noise vectors as below: 
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where u(k), y(k) are the input and output signals; w(k) is 
the process noise; v(k) is the measurement one; x(k) is the 
state vector, which can be observed by the EKF as: 

  .)),(()),(()),(()1( kkxhkyKkkugkkxfkx e
   (15) 

By using Riccati difference equation, we can 
establish the Kalman gain Ke and we can simplify it as: 
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where ke1, ke2, ke3 are the adjustable parameters, and:  

 Tee kkkxh )(sin)(cos))(( 


 . 

The output variables of the EKF may be chosen as: 
   sskyky   ,)(),( 21  ,               (17) 

where s, s are the α-β stator flux linkages. 

When  Tee wwx '


 are the state variables with 

w as the double integration of noise. 
When we put u(k) = 0, the model (14) can be written as: 
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where 


















100

110

01 sT

F . 

So, ew


 and e


 can be observed by: 

)()(
)()1(

d

)(d
)( 1 kkkw

T

kk

t

p
pw e

s

e
e 




 



;  (19) 

)()(')()1( 2 kkkwkwkw ee  
;          (20) 

)()(')1(' 3 kkkwkw  ;                 (21) 

)(sin)()(cos)()( 12 kkykkyk ee 


 .        (22) 

The block diagram of the EKF used is shown in Fig. 5. 

 
Fig. 5. Simplified EKF observer block diagram 

 

SM current and flux observer design. The 
application of SM control to IMs has been widespread in 
[8-11, 22]; we implant it to estimate the speed and rotor 
time constant, our method guarantees the convergence of 
the current during control time and produces, as well, 
fluxes along the d and q axes. From (2) we can write: 
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where qsqsqsdsdsds iiiiii  ˆ,ˆ ; 
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and 
qsqsqsdsdsds iisiis  ˆ;ˆ . 

So, speed and real value of the rotor time constant 
can be calculated by: 
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where )2ˆ2ˆ(ˆ
qrdrr   . 

Fuzzy-PI controller architecture. It has been 
developed recently in [19-24], we use fuzzy logic 
algorithm, as a smart attitude, to reconstruct the rotor 
resistance and load time constant, after their variations. The 
fuzzy part in the controller adjusts the PI gains, which 
planned to enhance the step feedback; the improvement of 
PI observers has been developed in other way by [25]. 

The speed error and its rate of change are the 
controller inputs, the Ki and Kp are its outputs,  

NNke ˆ)( 


 and )1()()(  kekeke  

The program uses such linguistic tags: NL (Negative 
Large), NM (Negative Medium), NS (Negative Short), ZE 
(Zero), PS (Positive Short), PM (Positive Medium), PL 
(Positive Large). Every fuzzy tag has a related membership 
function. «Set if then» is the logic sentence, which 
represents the fuzzy control rules, these rules are formulated 
as follows: If e(k) is NL and Δe(k) is N then Te

*(k) is ZE. 
Results for speed control are shown in Table 2 with E is the 
error, CE is the convergence of error. 

Table 2 
Control rule base 

CE / E NL NM NS ZE PS PM PL 
N ZE S M L M S ZE 

ZE ZE S M L M S ZE 
P ZE M L L L M ZE 

 

To produce the inference mechanism, we use 
Mamdani Max-Min method (Fig. 6). We apply the center 
of gravity process to crisp the output value in the 
defuzzification stage: 
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Fig. 6. Synoptic model of fuzzy controller for IM 

 

Results and analysis. We consider the IM as 
continuous model. The IGBT based inverter is a 3LI-NPC, 
controlled by an 18 kHz PWM. The robustness of sensorless 
speed control is verified, in the first, we apply varied load 
torque values as: +10 Nm in 1 s, –10 Nm in 2.5 s, +10 Nm 
in 6 s, –10 Nm in 7 s, 0 Nm in 8 s with flux 0.8 Wb. 
The speed is fixed at 150 then –150 rad/s into 3.5 s. 

In Fig. 7,a we show, obviously, that the dynamic 
performances of the speed are very good. 
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Fig. 7. Simulation results of the improved EKF and ELO 

observer by FPI controller: IM speed in (a); zoom in speed gives 
a comparison between the observer’s time responses in (b); 

zoom in speed during control shows the speed overshoots in (c); 
speed delay time during the change of the speed reference in (d); 

harmonics observed during control in (e) 
 

Presented in Fig. 7,b the Fuzzy Proportional-Integral 
FPI-ELO gives the better time response; it is more 
reliable and less-noise than the FPI-EKF (Fig. 7,d and 
Fig. 7,e). But it makes a slightly overshoot as shown in 
Fig. 7,c when step changes take place in the load torque. 

Figure 8 shows the superiority of the FPI-EKF 
controller compared to the traditional Proportional-Integral 
PI-EKF either in the overshoot or in the harmonic’s noises. 

In other stage of studying, using VSC with SM, we 
have tested the strength of our controllers, with load torque 
applied as the following way: +10 Nm in 1.5 s, 0 Nm in 
2.5 s, +10 Nm in 6 s, –10 Nm in 7 s, 0 Nm in 8 s. 

The comparison in Fig. 9,a,b,c reveals that the 
observation by ELO or EKF of the electromagnetic torque. 
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Fig. 8. Estimated electromagnetic torque T (a); «d axe» flux in (b) 
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Fig. 9. Simulation results of the improved EKF and ELO 
observer by SM control: observed electromagnetic torque 

in (a and b); harmonics observed during electromagnetic control 
in (c); comparison between SM-ELO and SM-EKF speed in (d); 

comparison between SM-ELO and SM-EKF speed response 
time in (e); harmonics observed during speed control in ( f ); 

comparison between SM-ELO and SM-EKF speed delay time 
during speed reference change in (g) 

 

Conclusions. The high-performance intelligent 
sensorless based variable structure control in an indirect 
rotor field oriented control scheme, of the induction motor 
drive, using Luenberger and extended Kalman filter 
observers is discussed in this literature. The robustness of 
the speed response using two different observers design 
has been compared, and it has been found to be favorable. 
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The results investigation confirms that the combination of 
sliding mode with adaptive observers achieves a pleasing 
performance even in the presence of noises or variations 
in the induction motor parameters and drive conditions. 
Moreover, it can be said from the results that the 
estimation of rotor speed has been done satisfactorily, and 
the sliding mode extended Kalman filter has better 
characteristics than the other observer presented. 
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