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Sensorless control of permanent magnet synchronous motor based on SMC-MRAS
HAN Kun', TAN Weilin', YUAN Lei’

(1. Xiaomi Technology (Wuhan) Co., Ltd., Wuhan 430070, China; 2. Hubei Collaborative Innovation Center for
High-efficiency Utilization of Solar Energy, Hubei University of Technology, Wuhan 430068, China)

Abstract: Permanent magnet synchronous motors have been widely used in various industries due to their high-
power density, lightweight, wide speed range, and fast dynamic response. However, sensorless control faces
challenges such as parameter sensitivity, difficulty in low-speed observation, and insufficient anti-interference
ability. The traditional model reference adaptive system (MRAS) algorithm relies on an accurate motor model,
which can easily lead to rotor position observation errors when parameters are perturbed or load changes occur,
thereby affecting control performance. This paper proposes an SMC-MRAS control strategy that integrates sliding
mode control (SMC) and MRAS algorithm. Through dynamic error constraints on the sliding surface and adaptive
law design, the robustness of the observer to parameter changes and external disturbances is enhanced, and the
control accuracy in the full speed domain is improved. The effectiveness of the designed control algorithm was
verified on a motor control testing platform automatically generated based on MATLAB/Simulink code. The
experimental results showed that compared with the traditional model reference adaptive control algorithm, the
proposed control strategy had smaller overshoot during the motor start-up phase, about 30% lower steady-state

speed fluctuations, and good dynamic stability.
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Fig. 1 Control block diagram of PMSM sensorless control system
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