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A novel sliding-mode observer for the sensorless control of

permanent-magnet synchronous machines
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Abstract: To deal with the chattering in the traditional sliding-mode observer, we propose a novel sensorless control

algorithm of the sliding-mode observer for the self-sensing estimation of rotor position. Being different from other ob-

servers, the sign function is replaced by a saturation function and the chattering problem is solved by properly choosing

the thickness of the boundary layer. To increase the estimation precision of the rotor position at low speed and the stability

of the system at high speed, the estimated back electromotive force is fed-back to the current observer. To achieve a better

effect in filtration and to simplify the hardware structure, we design a low pass filter with a variable cut-off frequency

depending on the rotor speed, which readily compensates the phase-angle delay over the entire speed range. Experimental

results show that the proposed scheme is suitable for the sensorless control of a permanent-magnet synchronous machine

over a wide speed range, and the novel algorithm is robust to uncertainties in operating conditions and parameters.
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Fig. 1 Block diagram of sliding mode observer based on

saturation function
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Fig.2 Diagram of the saturation function
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Fig. 3 Estimated and actual angle waveforms at motor startup
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Fig. 4 Experiment waveforms at high speed
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