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Fixed-time convergent disturbance observer for first-order uncertain
system

YANG Feng, WEI Chang-zhu', WU Rong, CUI Nai-gang
(Department of Astronautics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In this paper, non-recursive fixed-time convergent disturbance observers are proposed to deal with the total
disturbance fast observation problem for a first-order uncertain system. The primary disturbance observer is designed
based on the observer error amplification strategy and bi-limit homogeneous approximation theory. Due to nonlinearity
of power functions, a variant of the proposed disturbance observer is presented to obtain the noise tolerance ability. The
observer error amplification strategy is actually a special high gain approach, based on which the domination scope of the
power functions in the correction terms is extended. At the same time, the convergence rate of the observer is accelerated,
and the parameters tuning process is simplified. By choosing a reasonable amplifier and removing the low-order power
functions in the correction terms, the structure of the disturbance observer is simplified, and the noise tolerance ability is
enhanced. In addition, a fixed-time convergent robust disturbance observer is designed based on generalized super-twisting
algorithm as well. Except the detailed theoretical derivation, numerical simulations, with or without measurement noise,
are carried out to verify the feasibilities of the proposed three types of the disturbance observers. And, an typical extended
state observer is employed for comparison. Finelly, the characteristics and applicability of the disturbance observers are
discussed.
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