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Intelligent control of MEMS gyroscopes using nonsingular fast terminal SMC
and fuzzy orthogonal neural networks based adaptive HOSM observer

Siamak Abdi, Manizhe Zakeri, Mohammad-Reza Sayyed Noorani, Jalil Beyramzad

Abstract: This paper presents a new control method for MEMS gyroscopes with the aim of achieving high tracking

accuracy and fast convergent, eliminating the chattering phenomenon, being robust to the presence of uncertainties and
external disturbances, and also not requiring direct measurement of velocity states. To avoid the complexity of the
controller, an intelligent high-order sliding mode viewer is used, whose coefficients are adaptively updated by a neural-
fuzzy network structured with activating functions of the type of Chebyshev orthogonal polynomials. This controller is
able to simultaneously estimate the states and the uncertainty and disturbance function of the entire system. Its central
part is a fast non-singular terminal sliding mode control, which, in addition to high accuracy, has a very favorable
convergence speed and guarantees the achievement of finite time stability. To eliminate chattering, another similar neural-
fuzzy network is used to smooth the non-linear parts in the control law. The performance of the proposed controller is
investigated through simulation and comparison with the results reported in previous researches. The comparison of the
results indicates the qualitative and quantitative superiority of the proposed method in alleged cases, especially the
accuracy of tracking and chattering removal.

Keywords: MEMS gyroscopes, SMC, neural-fuzzy networks, chattering, HOSM observer
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