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 This paper presents a robust observer for sensorless speed control of Doubly 

Fed Induction Motor (DFIM), based on the slidin mode. In the first step, a 

model of the doubly fed induction motor fed by two PWM inverters with 

separate DC bus link is developed. In the second step and in order to provide 

a robust separate control between flux and motor speed a vector control by 

field oriented strategy applying a sliding mode regulator was implemented. 

Finally, speed estimation of a doubly fed induction motor based on sliding 

mode observer is presented. The simulation tests schow the effectiveness of 

the proposed method especially in the load disturbances, the change of the 

refrence speed and low speed. Also the influence of parameter variations will 

be studied by simulation. 
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1. INTRODUCTION  

Nowadays, several works have been directed towards the study of the double-feed induction 

machine (DFIM), due to its several advantages as well as motor application in high power applications such 

as traction, marine propulsion or as generator in wind energy conversion systems like wind turbine, or 

pumped storage systems [1-2]. 

The DFIM has some distinct advantages compared to the conventional squirrel-cage machine. The 

DFIM can be fed and controlled stator or rotor by various possible combinations. Indeed, the input-

commands are done by means of four precise degrees of control freedom relatively to the squirrel cage 

induction machine where its control appears quite simpler [3-4]. 

However, these advantages have long been inhibited by the complexity of the control, [5]. In order 

to obtain an DFIM having similar performance to a DC machine where there is a natural decoupling between 

the magnitude controlling the flux (the excitation current) and the magnitude related to the torque (the 

armature current) [6], several methods are used. Such as the vector control (field oriented control) which 

gives the decoupling between the torque and the flux like DC motor, [7]. 

The control laws using the PID type regulators give good results in the case of linear systems with constant 

parameters, but for nonlinear systems, these conventional control laws may be insufficient because they are 

not robust especially when the requirements on the speed and other dynamic characteristics of the system are 

strict. Therefor robust control laws must be used, such as sliding mode speed controller wich is insensitive to 

parameter variations, disturbances, and nonlinearities, [8]. 
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But, the knowledge of the rotor speed is necessary, this necessity requires additional speed sensor 

which adds to the cost and the complexity of the drive system. Over the past few years, ongoing research has 

concentrated on the elimination of the speed sensor at the machine shaft without deteriorating the dynamic 

performance of the drive control system. The advantages of speed sensorless DFIM drives are reduced 

hardware complexity and lower cost, reduces size of the drive machine, elimination of the sensor cable, 

better noise immunity, increased reliability and less maintenance requirements, [5], [9]. 

In order to achieve good performance of sensorless vector control, different speed estimation 

schemes have been proposed, and a variety of speed estimators exist nowdays [10], such as direct calculation 

method, model reference adaptive system (MRAS), Extended Kalman Filters (EKF), Extended Luenberger 

observer (ELO), sliding mode observer ect, [11-12]. 

Among various approaches, sliding mode observer based speed sensorless estimation has been 

recently used, due to its good performance and case of implementation. The sliding mode (SMO) belongs to 

the group of closed loop observers. It is a deterministic type of observer because it is based on a deterministic 

model of the system [13]. 

This paper is organized as follows: section 2 dynamic model of DFIM is reported; principle of field-

oriented controller is given in section 3. The proposed solution is presented in section 4. In section 5, results 

of simulation tests are reported. Finally, section 6 draws conclusions.  

 

 

2. DOUBLY FED INDUCTION MODEL  

The chain of energy conversion adopted for the power supply of the DFIM consists of two 

converters, one on the stator and the other one on the rotor. A filter is inserted between the two converters, as 

shown in Figure 1. 

 

 

 
 

Figure 1. General scheme of DFIM drive installation 

 

 

The structure of DFIM is very complex. Therefore, in order to develop a model, it is necessary to 

consider the following simplifying assumptions: the machine is symmetrical with constant air gap; the 

magnetic circuit is not saturated and it is perfectly laminated, with the result that the iron losses and 

hysteresis are negligible and only the windings are driven by currents; the f.m.m created in one phase of 

stator and rotor are sinusoidal distributions along the gap [14]. By this means, a dynamic model of the doubly 

fed induction motor in stationary reference frame can be expressed by: 
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The electromagnetic torque is expressed by: 
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3. VECTOR CONTROL BY DIRECT ROTOR FLUX ORIENTATION 

The main objective of the vector control of DFIM is as in DC machines, to independently control 

the torque and the flux; this is done by using a d-q rotating reference frame synchronously with the rotor flux 

space vector. The d-axis is then aligned with the rotor flux space vector [6]. Under this condition we get:  

 

0rq , rdr                                     (3) 

 

Figure 2 shows the structure for the rotor field orientation on the d-axis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Rotor field orientation on the d-axis 

 

 

 

So, we can write : 

 

            ).( sqrd
r

m
em i

L

Lp
T                                           (4) 

 

d  

Stator axis 

 

Rotor axis 

q  

rdr    

0  

θs 

 
  

 

θr 

 



                ISSN: 2252-8792 

IJAPE  Vol. 7, No. 3, December 2018:  235 – 250 

238 

For the direct rotor flux orientation (DFOC) of DFIM, accurate knowledge of the magnitude and 

position of the rotor flux vector is necessary. In a DFIM motor mode, as stator and rotor currents are 

measurable, the rotor flux can be estimated (calculated). The flux estimator can be obtained by the following 

equations, [15]: 

 

2 2 1  and  tanr s

rβ
rα rβ

rα

φ θ


 


  
     

 
                                     (5) 

 

3.1. Sliding mode speed control 
A Sliding Mode Controller (SMC) is a Variable Structure Controller (VSC). SMC method is a kind 

of robust control technique which is extensively utilized in nonlinear systems where parameter uncertainties 

exist. Basically, a VSC includes several different continuous functions that can map plant state to a control 

surface, whereas switching among different functions is determined by plant state represented by a switching 

function [16]. The design of the control system will be demonstrated for a following nonlinear system, [17]: 

 

),().,(),( txutxBtxfx                                                               (6) 

 

where: 
nx  is the state vector 
mu  is the control vector 

mntxf ),(  

The control law satisfies the precedent conditions is presented in the following form: 

 

nuuu eq  , ))(sgn( xSku f
n                                       (7) 

 

where u  is the control vector, equ is the equivalent control vector, nu is the switching part of the control (the 

correction factor), fk is the controller gain. equ can be obtained by considering the condition for the sliding 

regimen, 0)( xS .  

The equivalent control keeps the state variable on sliding surface, once they reach it. 

For a defined function, [18]:  
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3.1.1. Speed control 

Speed adjustment is done by controlling the stator current sqI . 

So, the command law can be expressed as: 
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The expression of the speed control surface has the form: 

 

  refS )(                                                    (10) 

 

The derivative of the surface is 

 

   refS )(                                                   (11) 

 

With the mechanical equation equal to: 
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By replacing the mechanical equation in the equation of the switching surface, the derivative of the  

surface becomes: 
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By replacing the current sqI  by the current n
sq

eq
sq

ref
sq III  , it is found that the command appears explicitly 

in the derivative of the surface, the latter will be written in the following form: 
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During the slip mode and in steady state, we have: 
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sqISS                                                       (15) 

 

From which one derives the magnitude of equivalent command, 
eq
sqI  is written: 
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During the convergence mode, condition 0)().()(   SSV   must be verified. By replacing the 

expression of the equivalent command in the expression of the derivative of the surface, we obtain: 
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To check the stability condition of the system, the 
sqiK  constant must be positive. 

 

 

4. SLIDING MODES OBSERVER 
Here, a sliding mode observer is studied for the estimation of the speed of rotation of the DFIM, this 

observer used the measurements of the stator voltage and current, [19].  

Based on the equations of the stator currents and the equations of the rotor flux of the machine in the fixed 

reference frame (, ), we can write, [20]: 
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A sliding mode observer is an observer whose gain-correcting term contains the discontinuous 

function: sign. The sliding modes are control techniques based on the theory of systems with variable 

structure, [17]. 

The dynamics of observers by sliding modes concerning the observation error of state xxe ˆ . 

Their evolution is imposed on a variety of surfaces, on which the error of estimating the output yye ˆ  

tending towards zero, [18]. 

Thus, the dynamics on this surface variety will be stabilized, or assigned, so as to limit or cancel the 

estimation error. However, a sliding mode observer is written in the form: 
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With, x̂ : Estimated state 

u : Observer input or command y and ŷ : Measured and estimated outputs, respectively. 

Or )]ˆ()........ˆ()ˆ([)ˆ( 2211 pp yysignyysignyysignyysign   gG  : Matrix observer gain 

 

 

 
 

Figure 3. State space form of an sliding mode observer 

 

 

Let us, 4321
ˆ,ˆ,ˆ,ˆ xxxx  the estimates of the 4321 ,,, xxxx  respectively which are the state variables of 

, , ,s s r ri i     . The observer is only a copy of the original system to which one adds the control gains with 

the terms of commutation; thus, [19]: 
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where g1, g2, g3, g4 are observer gains, 1 2j j jg g g    for  4,3,2,1j  

The vector sI is given by: 
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The choice of   is made in order to facilitate the calculation of gains observer. Let i j j
ˆe x -x    for 

{1,2,3,4}j the dynamics of estimation error are given by: 
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The analysis of stability consists in determining the gains g1 and g2 in order to ensure the attractivity 

of the sliding surface 0Sob  . Then 3g  and 4g  are given such as the reduced system obtained 

when 0SSob   is locally stable. The following result is obtained. 

Let us suppose that the state variables x3(t) and x4(t) are boundeds and let us consider the system 

(23) with the following gains: 
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The variety with two dimensions 0Sob   is attractive and e1 (t), e2 (t) converges towards zero. 

The dynamics of a reduced order obtained when 0SSob    is given by: 
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Where q1,q2 >0  that corresponds to an exponential stability of e3 and e4. 

 

4.1. Estimation of speed by sliding mode  

 Consider the error dynamics of the flux observer given by Equation (24), this equation can be 

rewritten in the following form, [17]: 
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Suppose now that the rotor speed  is replaced by its estimated  ˆ , the Equation (25) becomes: 
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The idea is to apply the criterion of stability of lyapunov to see the convergence of the error towards zero, for 

this one chooses the function of lyapunov of the following form [19]: 
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The derivative of Equation (30) with respect to time is: 
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Let us replace ˆ( )e  by its value, then Equation (31) becomes: 
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From Equation (35) and if 0 , an adaptation law for the rotor speed is deduced: 
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Equation (33) then becomes: 
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The term e
T
 .e being defined negative by the sliding modes, therefore, the system is globally stable if and 

only if the following equation is satisfied: 
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This equation represents the domain of stability, so it is enough to respect this condition so that the errors 'e' 

and   converge asymptotically towards zero. 

 

 

5. SIMULATION RESULTS AND DISCUSSION 

To demonstrate the faisability of the proposed estimation algorithm, and incorporated into a speed 

control system of a DFIM with direct oriented rotor flux, the simulation of the complete system, figure 4 was 

carried out using different of cases that wil be presented and discussed next. The first test concerns a no-load 

starting of the motor with a reference speed Ωref=150 rad/s. and a nominal load disturbance torque (10 N.m) 

is suddenly applied between 1sec and 2sec, followed by a consign inversion (-150rad/s) at 2.5 s. this test has 

for object the study of controller behaviors in pursuit and in regulation. The test results obtained are shown in 

Figure 5. 

a. It is found that the estimation of speed rotation is almost perfect. The observed speed perfectly tracks 

the mesurmed speed with almost zero static error. Good sensitivity to load disturbances is observed with 

a relatively low rejection time, An excellent orientation of the rotor flux on the direct axis is also 

observed. 

b. During the changes of the reference, and especially during the reversal of rotation, the change of the 

direction of the torque does not degrade the orientation of the fluxes. There is also a perfect 

continuation of the components of the rotor fluxes estimated at their corresponding real components. 

 

In order to study the influence of parametric variations on the behavior of the vector control without 

a speed sensor based on sliding mode observer, we introduced a variation of+50% of Rr in the first test, then 

a variation of+50% of Rs. We obtained the results as shown in Figures 6 and 7, respectively. It will be noted 

that at each instant of variation in rotor resistance, the speed observation is almost perfect. An excellent 

orientation of the rotor flux on the direct axis is also observed. During the changes of the reference, and 

especially during the reversal of rotation, the change of the direction of the torque does not degrade the 

orientation of the flow. 
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Figure 4. Block diagram of sensorless direct vector control of DFIM using a sliding 
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Figure 5. Simulation results of the sensorless speed control using sliding mode observer 
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Figure 6. Simulation results of the speed estimation with rotor resistance increased sharply 

by 50% from the rated value 

 

 

For a nominal value of Rr, the stator resistance Rs is increased by+50% of its nominal value. It is 

also noticed that this variation does not degrade the orientation of the flux. 

Regarding the simulation results obtained, it can be said that our drive without a speed sensor can 

achieve good performance. 
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Figure 7. Simulation results of the speed estimation with stator resistance increasad sharply 

by 50% from Rsn 

 

 

To evaluate more robustness of the control, a low speed setpoint of 10 rad /s was applied. The 

simulation results are shown in the Figure 8. 

It can be seen that the observed speed follows its real value in the presence of the oscillations. An 

excellent orientation of the rotor flux on the direct axis is also observed. 
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Figure 8. Sensorless speed control using sliding mode observer at low speed 

 

 

6. CONCLUSION  

In this paper, it is shown that the use of a sliding mode observer is an effective approach to solving 

the problem of controlling the DFIM. However, the presentation of the synthesis of our observer of sliding 

type is very easy. The question of sensitivity of the control system, to the variations of the parameters of the 

machine, has been widely analyzed. We have focused on the influence of rotor and stator resistances. 

Extensive tests with different parametric variations show that the proposed observer is more robust and more 

efficient. Computer simulation results obtained confirm the validity and effectiveness of the proposed control 

approach at low speed. 
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APPENDIX 

 

DFIM Parameters 

1.5 Kw , 1450 rpm, 50 Hz,  Rr=1.68, Rs=1.75, 

Ls 295 mH, Lr  104mH,  Lm=165 mH, J=0.01kg.m
2
, f=0.0027kg.m

2
/s 

 
 


