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Pole-zero optimization design of dynamic observer for fault detection of
networked control systems

DAI Xue-wu't, ZHENG Zhi-da', GAO Ying?, CUI Dong-liang', ZHAO Hong-tao?

(1. State Key Laboratory of Synthetical Automation for Process Industries, Northeastern University, Shenyang 110004,
China; 2. China Academy of Railway Sciences, Beijing 100081, China)

Abstract: This paper constructs a new type of observer structure called dynamic observer for the problem of sensor
fault detection under finite frequency disturbance and noise in networked control systems. A joint optimization of zero
and pole for fault detection is proposed, which features a dynamic observer whose zero can be freely assigned. The
dynamic observer is based on the traditional proportional integral observer and can be expanded to more general types.
It has the property that its zero can be assigned to anywhere. The dynamic observer overcomes the problem of invariant
zero associated with traditional observers. Zero of the dynamic observer is assigned to the characteristic spectrum of the
finite frequency disturbance signal and the network transmission delay, so the effect of disturbance on the residual can be
better attenuated. A comprehensive performance of the observer for fault detection is proposed. The pole of the dynamic
observer is designed by the H>/H, method to optimize the comprehensive performance of the observer. Finally, taking
the model of a networked two-wheel self-balancing robot as an example, the fault detection performance of the dynamic
observer, the proportional integral observer and the proportional observer are compared. The comparison results show
the advantages and effectiveness of the dynamic observer fault detection method.
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