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Decentralized Robust Control of a Parallel Filling Robot Using Jerk

Model and Disturbance Estimation

ZHAQO Chun, YU Cungui, XU Qiang, YAO Jianyong

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A decentralized robust control method based on the jerk model and an extended state
observer is presented for trajectory tracking control in Cartesian space of a hydraulic-driven
parallel filling robot. The desired trajectory in Cartesian space is transformed into desired
trajectory of each independent joint by using the jerk inverse model of parallel manipulator.
Treating the coupled interconnection terms between the joints as time-varying external
disturbances of the driving unit, and the parallel manipulator can be decomposed into a set of joint
subsystems with bounded external disturbances. For each independent joint, the proposed
controller is derived by effectively integrating robust controller with extended state observer via
backstepping method. Two extended state observers (ESOs) are synthesized to realize the
accurate estimation of both matched and unmatched uncertainties (e. g. ., external disturbances
and nonlinear modeling errors) and compensate them in a feed-forward way. The robust terms are
employed to handle the fast-changing components of the uncertainties beyond the pass-band of the

ESOs and other error terms. Furthermore, the stability of the system is verified by constructing
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the Lyapunov function. Experimental results show that the proposed controller can accurately

estimate both matched and unmatched uncertainties of the driving unit, and the system possesses

high trajectory tracking performance and strong anti-disturbance ability.

Keywords: parallel filling robot; electro-hydraulic servo system; jerk inverse model; extended

state observer; decentralized robust control
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