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Figure1 (Color online) Space manipulation of target through frictional
contacts by space robots.
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Figure 2 (Color online) Multi-rate control schedule.
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Figure 3 (Color online) A diagram of model switching.
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Figure 4 Simulation case of space manipulation trough frictional con-
tacts.
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Figure 5 (Color online) Trajectories of (a) position and (b) velocity of
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the space robot on the x-axis.
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Figure 6 (Color online) Trajectories of (a) angle and (b) velocity of the
target around the y-axis.
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Figure 9 (Color online) Control outputs of (a) low level tracker, (b) high level planner, (c) reference and (d) combination of space robot on x-axis.
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Multi-rate model predictive control based tracking control for
on-orbit manipulation through contact
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The autonomous implementation of space manipulation by space robots are trends for future on-orbit services. Existing
researches are constrained by a framework of capturing before operating, which fails to fully utilize dynamics of space
robots and relies on specialized capturing structures, lacking good generality. Although some studies have attempted
to leverage contacts to adapt to different targets in space manipulations, hybrid and underactuated dynamics caused by
contacts made their tracking control difficult to realize. This paper proposes a hierarchical control framework that employs
model predictive control as a low-frequency planner and control barrier function based optimal control as a high-frequency
tracker. This control strategy tracks trajectory of contact-based operations effectively. The stable tracking with reduced
computational consumption of model predictive control makes the strategy suitable for online applications. A simulation
case is provided to demonstrate the effectiveness and reliability of the hierarchical control strategy.

on-orbit service, robot, manipulation through contact, model predictive control
PACS: 45.40.Ln, 45.80.+r, 89.20.Ff, 07.05.Dz, 02.30.Yy
doi: 10.1360/SSPMA-2024-0285

294509-14


mailto:c.li@nwafu.edu.cn
https://doi.org/10.1360/SSPMA-2024-0285

	基于分层模型预测控制的接触式空间操作跟踪控制研究
	引言
	问题描述
	空间机器人动力学模型
	摩擦接触的模态及约束
	分层系统

	分层控制策略
	分层特性
	上层规划器
	下层跟踪器

	数值仿真
	总结


