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Circular/Spherical Robots for Crawling and Jumping
via Charge and Release of Elastic Potential Energy

Yuuta Sugiyama, Ayumi Shiozu, Masashi Yamanaka, and Shinichi Hirai
Dept. of Robotics, Ritsumeikan Univ.

Abstract - We describe circular/spherical robots for crawling and jumping. Locomotion over rough
terrain has been achieved mainly by rigid body systems including crawlers and leg mechanisms. This paper
presents an alternative method of moving over rough terrain, one that employs deformation. First, we
describe the principle of crawling and jumping as performed through deformation of a robot body. Second,
in a physical simulation, we investigate the feasibility of the approach. Next, we show experimentally that
prototypes of a circular robot and a spherical robot can crawl and jump.
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(a) stable shape (b) unstable shape

(c) stable shape with high potential energy

Fig.1: Principle of crawling and jumping
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(a) initial shape (b) deformed shape

Fig.2: Circular soft robot

(a) pattern BF (b) pattern ABE

Fig.3: Voltage patterns applied to SMA coils
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(a) three-element (b)
model

three-element
model with slider

Fig.4: Model of SMA coils
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Fig.5: Simulation of a circular soft robot crawling
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Fig.6: Comparison of pattern BF and BG
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Fig.7: Voltage patterns for jumping
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Fig.8: Simulation of a circular soft robot jumping
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Fig.9: Prototype of a circular soft robot

) SMA coil A ) SMA coil C
) SMA coil E ) SMA coil G

Fig.10: Deformation of a circular soft robot
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Fig.11: Prototype of a spherical soft robot
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Fig.13: Comparison between simulation
and experimental results for voltage

pattern BF
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Fig.17: Spherical prototype for crawling and jumping
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Fig.12: Circular soft robot crawling
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Fig.14: Speherical soft robot crawling
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(e) 12s

Fig.15: Circular soft robot climbing a slope

(c) 5s

Fig.16: Circular soft robot jumping
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Fig.18: Speherical soft robot jumping




