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Abstract: [ Objective] To address the issues of slow
response speed, low observation accuracy, and poor anti-
disturbance capability in trajectory observation for permanent
magnet synchronous motor ( PMSM ) position and speed
estimation using traditional extended state observers (ESO) ,
an improved ESO trajectory observer based on adaptive
acceleration compensation is proposed. [Methods] Adaptive
acceleration feedforward compensation was introduced into the
traditional ESO, enabling online adaptive adjustment of the
feedforward acceleration based on position observation errors.
This enhancement improved the dynamic accuracy and
response speed of trajectory observation under strong

[ Results ]

Simulation results showed that the proposed improved ESO

disturbance and transient operating conditions.

trajectory observer reduced the position observation error by
61.53% and the angular velocity observation error by 58.6%
compared to the traditional ESO-based observation method
under strong  disturbance and transient  conditions.
[ Conclusion] The proposed improved ESO trajectory observer
effectively enhances response speed, dynamic accuracy, and
anti-disturbance capability in trajectory observation. With
excellent observation performance, it offers significant
engineering application value.

Key words: trajectory observation; extended state observer;

adaptive acceleration compensation; observation performance
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Permanent magnet synchronous motor (PMSM) ,

driven by permanent magnets, possess several
advantages such as simple structure, excellent
mechanical characteristics, high load capacity,

stable speed regulation, wide speed adjustment
range, and high torque. In industrial applications,
PMSM drive systems that detect motion states using
position sensors typically employ extended state
observer ( ESO) to smooth position information and
obtain velocity information. To address the issues of
slow response speed, low observation accuracy, and
poor anti-disturbance capability in traditional ESO
trajectory observers, this paper proposes an improved
ESO trajectory observer based on adaptive acceleration
compensation.

First, the structure and working principles of

The
trajectory observer based on the traditional ESO

traditional ESO were analyzed theoretically.

treats acceleration as a disturbance and compensates
for it using feedback from position observation errors.
This approach inherently suffers from slow response
speed and poor anti-disturbance capability.

Next, an improved ESO trajectory observer
based on preset acceleration compensation was
By

feedforward compensation, the extended state «,

proposed. introducing  preset  acceleration
observes acceleration disturbances caused by model

errors, mechanical friction, and fluid resistance.

S5

This method improved the dynamic accuracy and
response speed of trajectory observation to some
of

operating

extent. However, under conditions strong

disturbances or significant transient
characteristics, the actual motion acceleration of the
motor may deviate significantly from the preset
acceleration due to the limitations of closed-loop
trajectory tracking accuracy, leading to a severe
decline in the dynamic performance of the trajectory
observer.

To overcome this limitation, an improved ESO
trajectory observer based on adaptive acceleration
compensation was further proposed. By introducing
adaptive acceleration feedforward compensation, the
feedforward acceleration can be adjusted online based

the

dynamic accuracy and response speed of trajectory

on position observation errors, enhancing
observation under conditions of strong disturbances
and significant transient operations.

the

effectiveness of the proposed improved observation

Finally, to verify feasibility — and

scheme, a simulation model was built in Matlab/
The

observation scheme was compared with the traditional

Simulink for testing. proposed  improved

observation scheme. The results show that the

proposed scheme effectively improves the response

speed, dynamic accuracy and anti-interference

performance of trajectory observation.
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