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Design and Performance Study of a Biomimetic Soft Crawling Robot With
Multiple Motion Modes

LIU Xiao-Hua“? WANG Yao-Nan“? FENG Yun'?

Abstract Biomimetic joint structures and crawling robots with multiple motion modes play an important role in
achieving compliant locomotion in complex environments. To address the limitation of single-mode locomotion in
existing crawling robots, this study first designs a three-chamber pneumatic joint inspired by the muscular struc-
ture of octopus arms. The joint features a modular design and enables differential trajectory motion in three-dimen-
sional space. Based on this joint, a biomimetic crawling robot with multiple locomotion modes has been designed
and developed. By selecting different pneumatic excitation patterns, the robot can perform lizard-like longitudinal
crawling and crab-like lateral crawling on the same platform, achieving locomotion speeds of 142.54 mm/min and
90.02 mm/min, respectively. The study systematically investigates the joint design principles, structural implement-
ation, fabrication process, robot integration, and motion validation, providing a new technical pathway for the
design of pneumatic joints and the development of crawling robots with multiple motion modes.
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Fig.1  Design concept of the biomimetic crawling robot
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Fig.2  An octopus that is transforming and moving
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Fig.3 The cross-section of an octopus’s tentacle (In this
slice, red represents connective tissue and brown
represents muscle. Scale: 100 pm)
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(d) Explosion view of the extension unit)
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Fig.5 Biomimetic pneumatic joint ((a) Structural
diagram of the pneumatic joint; (b) Exploded view of
the pneumatic joint; (c¢) Physical image of
the pneumatic joint)
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Preparation and assembly process of biomimetic pneumatic joints
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