
 

Φ 
Abstract -- The direct torque control is a good solution to 

problems related to robustness and dynamics encountered in 
vector control with rotor flux oriented. The current research is 
directed towards improving the performance of this technique, 
whose the main problems are the evolution of the switching 
frequency, the ripples on the torque, on the flux and on the 
current. In this paper, the main object is the development of a 
structure for the direct torque sensor using the extended 
Kalman filter in order to estimate the mechanical speed. The 
simulation results show that this filter have a good performance 
(robustness) for different variations of the load and the noise 
measurement. 
 
Index Terms— Induction machine, Direct torque control, 
Kalman filter. 

I.   INTRODUCTION 
irect torque control (DTC) of induction motors has 
aroused significant interest among researchers looking 
for an efficient and high performance ac motor drive 

(robustness, low cost and ease of maintenance).  In order to 
obtain the operation and accurate control, the regulation of 
the flux and speed is necessary [1], [3]. 

Indeed, the performed techniques of control, such as a 
vector control and direct torque control DTC, are based on 
knowledge of the mathematical machine model.This 
involves to know not only directly some electrical variables 
not measurable, example the flux in the machine, but to 
know also the parameters of the used model  

If we search the optimal performances, it is necessary to 
estimate accurately the states and the parameters of the 
machine. These commands have been an important starting 
point of the research for the state and the parameters 
estimation of the induction machine [5, 7, 8]. 

The command without sensor allows:  
• the reduction of the system complexity,  
• the good mechanical robustness,  
• the higher reliability. 

The main of this work is the development of the speed 
regulation system using a Kalman filter with the DTC 
control. 

II.    MODEL OF THE  INDUCTION  MACHINE 
The induction motor state space model with stator 

currents and stator flux as state variables can be written in 
d–q coordinates fixed to the stator as: 
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where: x, u et y are respectively the state, input and output of 
the system such as: 
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III.   THE PRINCIPLE OF DIRECT TORQUE CONTROL 
The direct torque control of the induction machine is 

based on the direct determination of the string command 
applied to the switchs of the voltage inverter. The choice is 
usually based on the use of hysteresis regulators whose 
function is to control the state of the system, the magnitude 
of stator flux and the electromagnetic torque.  This type of 
strategy ranks in the category of control in magnitude, as 
opposed to the laws of the control in time, more traditional 
and based on adjusting the average voltage vector by pulse 
width modulation (PWM). 

 
A.   Action on the stator flux 

The stator flux in the reference frame to the stator is 
given by the following equation: 

 

( )dti.RV
t

0
ssss ∫ −=φ                                                (2) 

Over a control period [0, Te], corresponding to a 
sampling period Te, the expression (2) can be written as 
follows: 

∫+φ=φ
t

0
sses0ss dtiRTV                                        (3)         

where: 0sφ   is the flux vector at t=0   
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To simplify, we consider the term "Rsis" as negligible 
compared to the stator voltage "Vs", which occurs when the 
speed rotation is high enough. 
 
From the equation (3), we find: 

s
s V

dt
d

=
φ                                                             (4) 

then : 
es0sss TV=φ−φ=φ∆                                         (5) 

 

B.   Action on the torque 

The electromagnetic torque is proportional to the 
vectorial product between the stator and rotor flux vector: 
 

( ) srrsrs sin..kCe θφφ=φφ=                              (6)           

C.   Description of the control structure 
Figure (1) shows the selection of the voltage vector Vs 

according the area defined by Ni. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• if Vi+1 (for i ≤ 5 or Vi-5) is selected then sφ  increase 

and Ce increase. 
• if Vi+5 (for i ≤ 1 or Vi-1) is selected then sφ  increase 

and Ce decrease. 
• if Vi+2 (for i ≤ 4 or Vi-4) is selected then sφ  decrease 

and Ce increase. 
• if Vi+4 (for i ≤ 2 or Vi-2) is selected then sφ  decrease 

and Ce decrease. 
 

Whatever the evolution direction of the torque or the 
flux, in the area position N=i, the two voltage vectors Vi and 
Vi+3 are never used because they can increase or decrease the 
torque according to the flux position sφ in the sector i [2].  

The command table is built in function of the state 
variables ∆φs, ∆Ce and the area Ni of the position of the flux 

sφ  
 

 

 

 

TABLE I 
TABLE OF DIRECT TORQUE CONTROL 

∆φs ∆Ce N1 N2 N3 N4 N5 N6

1 V2 V3 V4 V5 V6 V1

0 V7 V0 V7 V0 V7 V01 

-1 V6 V1 V2 V3 V4 V5

1 V3 V4 V5 V6 V1 V2

0 V0 V7 V0 V7 V0 V70 

-1 V5 V6 V1 V2 V3 V4

IV.   EXTENDED KALMAN FILTER  

The Kalman filter allow to resolve in the time domain, 
the problem of statistical estimation for the linear systems. It 
uses the representation of state of the linear stochastic 
systems. It provides then an optima estimation in the sense of 
minimum variance and the variance of the estimation error 
[6]. The extended Kalman filter is used to estimate: αsÎ , βsÎ ,  

αφ ŝ , βφs
ˆ , rω̂ . 

The figure (2) shows the structure of Kalman filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The discrete model of IM is given as follows: 
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with :   
[ ]KK

e
K xx θ=  

 
where  
 
 Kx  : is the state vector to estimate 
 Kθ : is the parameters vector to estimate 
 
and 
 

kW , kV  : respectively are the state and measurements 
noises.  
 
Since: 
 

( )t
xixKx w.wEQ =      et  ( )t

iK w.wEQ θθθ =  
 
where : 
 

xQ : covariance matrix state. 

θQ : covariance matrix of the parameters. 
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Fig.1 : Selection of voltage vector Vs according to the N = i  
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Fig.2 Structure of the Kalman filter estimator 
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    Assuming that the variations of the state and the 
parameters are independent, it follows that the matrix θQ  is 
diagonal and is defined as follows: 
 









=

θQ0
0Q

Q x  

A.    Application of the extended Kalman filter 
The process of observation of the extended Kalman filter 

is given in the following steps: 
• The prediction of the extended state vector: 
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and:   
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• The prediction of the covariance matrix 

The prediction covariance is represented by: 
 

QFP̂FP̂ t
KK/KKK/1K +=+                                         (9) 

 
where: Q  is the covariance matrix of  the noise  
and  :  
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• The Kalman gain calculus  

The gain of the Kalman filter (matrix adjustment) is 
calculated by: 
 

1t
KK/1KK

t
KK/1K1K )RHP̂H(HP̂K −

+++ +=              (11)                 
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• The estimation of the extended state vector 
                       ( )e

K/1KK1K1K
e

K/1K
e

1K/1K x̂HyKx̂x̂ ++++++ −+=     (13) 
 
• The estimation of the covariance matrix 

 
K/1KK1K1K/1K1K/1K P̂.H.KP̂P̂ ++++++ −=                    (14) 

   
B.    The choice of matrixes Q and R 

It is through these matrixes that pass the different states 
measured, predicted and estimated. Their main is to 
minimize the errors related to the modelisation 
approximation and the presence of noise on the 
measurements. This setting requires special attention and 
only a setting in line allows validating the operation of the 
filter. However, some main lines allow to understand the 
influence of adjustment of these values compared to the 
dynamic and stability of the filter [4]. 

The matrix Q, related to noise content in the state, 
adjusts the quality of our estimated model and its sampling. 
A greater value of Q gives a higher value of gain "K",  
reducing the importance of the modelisation and dynamic of 
the filter. The measure has then a relative weight greater. A 
high value of Q can create however the instability of the 
observer. 

The matrix R adjusts the weight measurements. A high 
value indicates a large uncertainty of the measure.  

A low value gives significant weight to the measure. 
However, it’s being careful for the risk of instability at low 
values of R. 

For a step of sampling time "Te" equal to 10-4, the values 
of Q and R are as follows: 

 
[ ]33322 1010101010diagQ −−−−−=  

 
[ ]22 1010diagR −−=  

V.   DIRECT TORQUE CONTROL (DTC) WITHOUT SPEED 
SENSOR USING THE EXTENDED KALMAN FILTER 

The block control of the system using a direct torque 
control (DTC) with speed estimation by the extended 
Kalman filter is shown at Figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.3 Direct torque control without speed sensor using the extended 

Kalman filter     
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rŵ  

sφ  

sφ̂  

sθ̂  

Comparator of torque 

Comparator of flux 

- 
+ 

+ 
- 

Journal of electrical systems Special Issue N° 01 : November 2009  

-----------------------------------------------------------------------
Paper presented at the Third International Conference on Electrical Engineering-ICEE'09 

19-21 May 2009, USTHB, Algiers, Algeria and selected for publication in "JES" by the ICEE 2009 Editorial Board

pp: 42-47



 

VI.   SIMULATION RESULTS 
In order to show the good performances and the 

robustness of the extended Kalman filter algorithm 
introduced in the direct torque control, many cases are 
considered in the following simulation: 

A.   Operating with no and full load  
The Figures 4 to 9 represents the simulation results 

obtained from a no load operating. The application of a 
torque with 15 Nm is realized at t = 0.1s. 

The estimated speed follows perfectly the command with 
a negligible error in the established regime. These results 
show the good performance of the filter used in the direct 
torque control DTC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B.   Operating with reverse speed rotation 
In this case, a test of robustness of the control is realized 

by the reverse of the speed rotation. 
The simulation results are illustrated by figures 10 and 11. 

We note that the estimated speed follows the reference with 
a slight variation at the moment of the reverse speed 
rotation, which is causes the oscillation of the flux. 
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C.   Estimated state for the low speeds 
In this case, the estimated speed is carried out for low 

speeds ± 50rd / s (Fig. 12). We note that the filter is stable. 
 
 
 
 
 
 
 
 
 
 
 
 

D.   Estimate state with speed variation  
For a variation in the speed operating 100 rd / s to 157 rd / 

s, the estimated error is low at the start and at the moment of 
the variation (Figure 13). 

 
 
 
 
 
 
 
 
 
 
 
 
 

E.   Injection of noise measurement in the stator currents 
The test of the robustness of the filter and the technique of 

control is realised for operating of the machine in a noisy 
environment. The noise is introduced in the measured stator 
current.  

We note from the figure 14, the estimated speed is not too 
affected by the injection of the noise. The covariance noise 

of the speed can be increased with the increase in the 
covariance of measurement noise. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VII.   CONCLUSION  
In this paper we present the direct torque control using 

the extended Kalman filter (sensorless speed). This has 
provided a good performances for the training system 
overall. Indeed, the simulation results show the good 
performance from the filter at different situations: 
application the load torque, the operating for the reverse 
speed, the injection of the noise measurement for the stator 
currents and during the operation at low speeds. 

VIII.   APPENDIX 
Parameters of asynchronous machine: 
P = 4 kW,    220/380 V,    f = 50 Hz,    isn = 15 A,  Ω = 1500 tr/min, 
Cr nom = 25 Nm,        Rs  = 1.2 Ω,     Rr  = 1.8 Ω,      Ls =0.1554H, 
Lr = 0.1568 H, M = 0.15 H, J = 0.07 kg.m2, 2p = 4.  

. 
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