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Research on Position Estimation Algorithm of Permanent Magnet

Synchronous Motor Based on Nonlinear Observer
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Abstract; In order to improve the estimation accuracy of rotor
position and speed for sensorless control of the surface-
mounted permanent magnet Synchronous motor, an improved
nonlinear observer is proposed. By reconstructing the
mathematical model of the nonlinear observer, the error
equation is constructed, and the stability of the error equation
is analyzed by using Lyapunov theory. Based on the stability
condition, an error step-size optimization method is proposed
to realize the self-regulation of the step gain of the nonlinear
observer. The simulation and experiment results show that the
improved nonlinear observer has good dynamic performance,
and the feasibility is verified.
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Sensorless control technology of permanent

magnet synchronous motor can improve system

robustness and reduce system cost, and has broad
application prospects in the field of modern industrial
Through

academia and industry, sensorless control technology

transmission. the continuous efforts of

has made great progress and has been applied in
the

performance of sensorless drive systems needs to be

many industrial drive sites.  However,

further improved in some cases where control
accuracy and dynamic response are required. In this
paper, the performance improvement of nonlinear
observer is studied to meet the needs of more
industrial transmission applications.

At present, the position-free control strategies of
permanent magnet synchronous motors are generally
divided into pulse vibration high frequency voltage
injection method, rotating high frequency voltage
injection method, model reference adaptive method,
extended Kalman filter method, sliding mode
observation method and flux linkage estimation method.
Romeo Ortega and the others designed a nonlinear
observer for permanent magnet synchronous motors, and

detailed analysis revealed the global asymptotic stability

properties. Yan Hao and the others proposed a
sensorless control method using only one current sensor
based on nonlinear observer. At present, most scholars
select the step length through a large number of
experiments in advance, which leads to a problem. For
different motors and different working conditions, it is
necessary to debug in advance. During the operation of
the motor, parameters need to be adjusted in real time
according to different working conditions to reduce
errors, which increases a lot of workload.

In

optimization method is proposed to improve the

this paper, a step gain self-adjusting
nonlinear observer. Firstly, the mathematical model
of nonlinear observer is reconstructed, and the
stability of error function is analyzed by Lyapunov
theory. Secondly, a step size optimization method is
proposed based on the stability constraint conditions.
The step size is determined according to the voltage,
current and speed of the motor at that time to realize
the self-regulation of parameters. At the same time,
the optimal step size solution is determined by
predicting the state error. Finally, the feasibility of
the improved nonlinear observer position estimation

algorithm is verified by simulation and experiment.

Fig.1 Nonlinear observer control block diagram
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