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Abstract

For Permanent Magnet Synchronous Motors (PMSM), high-performance control strategies rely on
sensors to obtain accurate rotor position and speed information. However, due to issues such as
the cost of sensors, installation errors, and potential sensor failures, sensorless control tech-
niques have gradually been developed. Among these, sensorless control methods based on Sliding
Mode Observers (SMO) have gained widespread attention due to their simple structure and
strong robustness. However, when using SMO for position estimation in PMSM, problems such as
chattering and slow observation speed often occur. To address these issues and enhance the per-
formance and control accuracy of the PMSM control system, the following improvements are pro-
posed: First, an Integral Non-Singular Fast Terminal Sliding Mode Observer is designed to im-
prove the observer’s response speed. Second, an adaptive sliding mode control law is designed to
further reduce chattering in the Non-Singular Fast Terminal Sliding Mode Observer. Finally, based
on these improvements, an Adaptive Non-Singular Fast Terminal Sliding Mode Observer
(ANFTSMO) is proposed. The stability of the observer is rigorously analyzed using Lyapunov sta-
bility theory, proving the stability of the system.
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Figure 1. Block diagram of SMO
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Figure 2. PMSM control model
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Figure 3. ANFTSMO position curve
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