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Decoupled Design and Calculation of the Self-aligned Hip Joint Exoskeletons
Based on the Human-Robot Misalignment Model

LI Huaixian, CHENG Wenming, ZHANG Mingkui
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Abstract: With regard to assistive exoskeletons, the human-robot misalignment factors in 1-DOF (degree of freedom)
human-robot interactions are analyzed, and a model of human-robot misalignment variables is set up. By applying the self-
aligned mechanism design methods, an exoskeleton is designed to improve the performance of the human-robot couplings.
Firstly, a single DOF biological joint of human body is deeply analyzed. Based on the simplified human being model and
the human-robot misalignment variable model, an exoskeleton model is developed as design references. Then, with the self-
aligned mechanism design theory and the multi-DOF joint decoupling methods, the fundamental design ideas and methods
of an exoskeleton mechanism which is self-aligned to the human body are provided. Finally, the hip joint is taken as the
case study. The hip joint is decoupled into three 1-DOF joints, the hip exoskeleton kinematics is designed, and the coupled
human-robot kinetostatic actuation forces are calculated. The calculation results show that the human-robot misalignment
interaction forces is controllable with the proposed design scheme. It is theoretically verified that the hip exoskeletons can
follow the movements of the human lower limbs and provide the self-adaptive actuation forces for the human body.
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Fig.1 The simplified model of the human lower limb joints
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Fig.2 The human-robot closed kinematic links and the model

of human-robot misalignment variables
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Fig.4 The kinematic style of the human lower limbs
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Fig.7 The planar decoupling of the human-robot misalignment
of hip joint
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human-robot interaction kinematic design
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