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A Second-Order Improved Extended States Observer for Permanent

Magnet Synchronous Motor Sensorless Control

LIU Siyuan, LIU Ling

(School of Electrical Engineering, Xi’an Jiaoting University, Xi’an 710049, China)

Abstract: In view of the problem that the conventional extended states observer (ESO) increases
the gain of the correction term in order to ensure convergence and improve the dynamic
performance of the system, and thus aggravates the sensitivity to high-frequency noise, an
improved ESO (IESO) for sensorless control of permanent magnet synchronous motor (PMSM)
is proposed in this paper. First, combined with PMSM extended back electromotive force model,
extended back electromotive force is regarded as the extended state of ESO. Then, IESO is
designed by using the output of the low-order dynamic equation as the input of the high-order
dynamic function to effectively reduce the gain of the correction term, and thus reduce the
sensitivity of the system to high-frequency noise. Then, the saturation function is introduced into

the correction term to limit the peaking phenomenon that may be introduced by the high gain
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observer, and the convergence analysis is carried out. The numerical simulation results reveal
that, compared with the conventional linear ESO, through the IESO proposed in this paper, the
dynamic performance of the PMSM sensorless control system is improved when the motor is
started, the speed is adjusted and the load is suddenly applied. The maximum value of error is
reduced and the convergence speed is accelerated by about 25%. Besides, when 0.5 A random
high-frequency noise is added to the measured current, the convergence time of the traditional
method increases by about 25%, and the maximum speed error increases by about 40%, while
those of IESO do not increase significantly., Compared with traditional methods, IESO’s angle

error high-frequency noise is reduced by about 60%, so IESO can significantly suppress system
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high-frequency noise.
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Fig. 1 PMSM vector control block diagram based on IESO
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Fig. 2 Comparison of simulation results of sensorless startup

and speed regulation test
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