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Abstract: To improve the low-speed performance of
sensorless control for interior permanent magnet synchronous
motor ( IPMSM ), a square-wave voltage injection startup
control strategy was proposed, utilizing a robust position
observer. The square-wave voltage injection method avoided
the use of filters, thereby increasing the system bandwidth.
Based on the square-wave injection method, a robust rotor
position observer was employed to enhance the system’s
resistance to load disturbances. The feedback matrix
parameters of the observer were designed using pole
placement, taking into account practical step and ramp load
disturbances as well as desired position observation error
indices. Simulations and experiments verified the feasibility
and accuracy of the proposed sensorless control strategy.
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Interior permanent magnet synchronous motor
(IPMSM ) has advantages such as strong field-
weakening capability, significant saliency, and
simple structure, making it widely used in electric
vehicle drives, household appliances, and industrial
drives. Sensorless control methods for PMSMs can be

divided based

sensorless control for zero-to-low speed range and

into two categories on speed:
sensorless control for medium-to-high speed range.
In the medium-to-high speed range, rotor position is
typically obtained using back electromotive force,
and this method is well-established. However, in the
zero-to-low speed range, back electromotive force is
too small to be accurately observed, so rotor position
is usually estimated using the motor’ s saliency, with
high-frequency  injection  methods  commonly
employed for rotor position estimation. This paper
primarily focuses on sensorless control for IPMSMs in
the zero-to-low speed range using high-frequency
injection methods.

This paper proposed a square-wave voltage
injection startup control method based on robust
The control block

diagram was shown in Fig.1. First, a traditional

position observer for [PMSMs.

high-frequency ~ square-wave  voltage  injection
sensorless control model for IPMSM was established.
To address issues such as current delays and limited
system bandwidth caused by the use of filters for
current separation in traditional methods, a filterless
approach was used to extract fundamental and high-
frequency currents, simplifying the signal processing
system’s dynamic

and improving the response

S4

speed. Then, based on the high-frequency square-

wave injection method, a robust rotor position
observer was developed, as shown in Fig. 2, which
considered disturbance torque characteristics and
desired

parameters were designed using pole placement to

observation  error  values.  Observer
effectively prevent system instability caused by load

variations. Finally, simulations and experiments
were conducted to verify the dynamic response speed
and anti-disturbance capability of the proposed
method. The results showed that the proposed
method exhibited strong robustness and effectively

improved the low-speed performance of [IPMSMs.

Fig.1 Sensorless control system

Fig.2 Position robust observer
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