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Abstract. In the paper a method for speed and position estimation for the per-
manent magnet synchronous motor (PMSM) were described. By using moni-
tored stator voltage and currents and Kalman observers, it is possible to imple-
ment high dynamic performance PMSM drives without position and speed sen-
sors. An Extended  Kalman Filter (EKF) is  a recursive optimum state estimator 
which can be used for the joint state and parameter estimation of a nonlinear 
dynamics system in real time. The mathematical model of the vector controlled 
drive system in Matlab Simulink was used for simulation. The simulation re-
sults are in the end presentation. 

1   Introduction 

At present adjustable speed A.C. drives with synchronous motors which utilize the 
permanent magnets instead of the field windings, start to play still more important 
role. Synchronous motors in the power range of hundreds kW have been developed 
using the new magnetic materials on the basis of compounds Samarium-Cobalt 
(SmCo5) and Neodym-Boron-Ferrum (NdBFe). The permanent magnet synchronous 
motors are fed by frequency converters with an intermediate D.C. circuit. The power 
unit of frequency converter is built with modern power transistors IGBT for  low and 
middle power ranges.  

To give a permanent magnet synchronous motor the same dynamic performance as 
a D.C. motor two control principles may be applied: the vector control method or the 
direct torque and reactive power control method. 

2   Mathematical model of the drive system 

Voltage equations in rotor reference frame: 
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System equations for Extended  Kalman Filter (EKF): 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

By using eqn. (2,4,5) we can write: 
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Where 
x = [ rrsqsd ii Θ;;; ω ]T is the state vector,  

y = [ βα ss ii ; ]T is the output vector,  

u = [ pss uuu ;; βα ]T is the input vector, 

A is the state matrix, B is the input matrix and C is the transformation matrix. 
 

Next steps 
• discretization of the machine model (A => A(k); B => B(k); C => C(k)) 
• determination of the noise and state covariance matrices Q, R , P. 
• implementation of the discretized EKF algorithm 
 
 

M. 

Fig. 1. Model of the PMSM 

Fig. 2. System of the EKF 



3   Extended Kalman Filter 

The goal of the  Kalman filter (Fig.2) is to obtain unmeaurable states (speed and ro-
tor position) by using measured states and also statistics of the noise and measure-
ments (covariance matrices Q, R ,P of the system noise vector, measurement noise 
vector and system state vector (x) respectively). In general, by means of the noise 
inputs, it is possible to take account of computational inaccuracies, modelling errors, 
and errors in the measurements.  

The filter estimation (xest) is obtained from the predicted values of the states (x) 
and this is corrected recursively by using a correction term, which is the product of the 
Kalman gain (K) and the deviation of the estimated measurement output vector and 
the actual output vector (y - yest). The Kalman gain is chosen to result in the best 
possible estimated states [3]. 

4   Simulation results 

The A.C. drive has been simulated in program MATLAB-Simulink. The simula-
tions were done for the drive system with the PMSM with the following parameters: 

 
 
 
 
 
 
 
 
 
 
 
Reference and actual angular speed responses, actual and estimation position of the 

rotor, torque component of the stator current vector Iq responses of A.C. drive are 
shown in Fig. 3, 4, 5, 6. 
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Fig. 3. Reference speed 

Fig. 4. Actual speed (      )  and estimation  speed(      ) 
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Fig. 5. Actual(      ) and estimation (      ) position of the rotor 
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Fig. 6. Actual Iq(      ) and estimation Iq(       ) 


