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Sensor fault detection and active fault-tolerant control for the nonlinear
mechatronic system based on optimized adaptive threshold

Yu Ming, i Wanglin,Lan Dun
(School of Electrical Engineering and Automation, Hefei University of Technology ,Hefei 230009, China)

Abstract:In this article, an active fauli-tolerant control method based on the optimized adaptive threshold and fault reconstruction
strategy is proposed for the nonlinear mechatronic system with uncertain parameters and sensor fault. Firstly, the linear fractional
transformation form is used to model the nonlinear mechatronic system with parameter uncertainty. The optimized adaptive threshold
based on the particle swarm optimization is established to improve the fault detection performance in the presence of parameter
uncertainty. Secondly, the dynamic equations of the system are derived by the analytical redundancy relations, and the tracking control
strategy of the healthy system based on the recursive terminal sliding mode is proposed to realize the tracking of load position. An
adaptive sliding mode observer is formulated to reconstruct the sensor fault when the fault occurs in the system, based on which the
adaptive active fault-tolerant control law is established. The switching of control law can be implemented online by using the fault
detection result. Experimental results show that the proposed fault detection and active fault-tolerant control method can accurately
achieve fault detection and fault-tolerant control of sensor within 0. 06 s, which evaluates the feasibility of the method.
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Fig. 1 The nonlinear mechatronic system
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Fig.2 DBG model of the nonlinear mechatronic system
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Fig. 4 UDBG model of the nonlinear mechatronic system
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Fig.5 Block diagram of active fault-tolerant control
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Table 1 Nominal value and multiplicative uncertainty value of system parameters before and after optimization
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Fig. 9 Residual response of ARR, under first fault scenario
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Fig. 12 Position tracking of load-first fault scenario

2 - R
3 5t
% 0 ‘/ﬁ¥-—\__~__,___,__——-
oK
‘%é 02}
2
= 04} e
O i

06~ )

25 5.0

I [8]/s
B 13t R 1R 22 - BRI 0 1

Fig. 13 Position tracking error of load-first fault scenario
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