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Inter-limb Coordination Mechanism of Multi-legged Robot that Shows Flexible Gait Changes in
Response to Environment

OB RE (LK)

AUGNIITSE (CBRAER) /A

LZIERE (RAEK)
5t (JKER)

ARER (HIER)

Shunsuke TAKANO, Tohoku University, t-shun@riec.tohoku.ac.jp

Kotaro YASUI, Tohoku University

Takeshi KANO, Tohoku University

Ryo KOBAYASHI, Hiroshima University

Akio ISHIGURO, Tohoku University

Centipedes can move adaptively in unstructured environments by coordinating a large number of
legs. Clarifying the underlying control mechanism for walking will help not only contribute to biology
but also develop highly adaptive multi-legged robots. We previously observed the centipedes’ response
to the removal of a part of the terrain during walking and reported that the adaptive locomotion could
be generated by a control mechanism using ground reaction forces detected at the legs. In this paper, we
additionally observed the response to the appearance of a part of the terrain and found that centipedes
utilized the newly obtained scaffold for propulsion. Based on this finding, we proposed an inter-limb
coordination mechanism for multi-legged robots that enables adaptation to irregular terrain, and as a
first step, we demonstrated via simulation that the proposed model could reproduce a steady gait pattern

of centipedes.
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Fig.1 Snapshots of centipede locomotion. The red
markers indicate foot contact points. The yellow

arrows indicate propagating leg density waves.
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Fig.2 Schematic of the experimental set up.
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Fig.3 Snapshots of experimental result. (a) Centipede

locomotion on the disappearing scaffold. (b) Cen-
tipede locomotion on the appearing scaffold. Or-

ange squares indicate foot contact point on scaf-
fold.
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Fig.4 Schematic of the physical model of multi-legged
robot.
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Fig.5 Schematic of the proposed leg control rule.
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Fig.7 Leg movement during following-contcact-point
phase.
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Fig.8 Snapshots of the simulation result. Light blue and purple squares indicate the effect of transtion rule (B1) and

transition rule (B2), respectively.

Table 1 Parameters employed in the simulation experi-

ment.

Parameters Value [unit] ‘
Vstance 5.0 [rad/s]
Vswing 5.0 [rad/s]
Vianding 15.0 [rad/s]
|rt —r¢ 2.0x 1073 [m]
lré — vt | 2.0x 1073 [m]
TAEP 46x10°° ]
TpEP 4.6 x 1073 [m]
Neontact 4.0 x 107*  [kgm/s?]
Twait 1.38 x 103 [m]
Tget 0.00 x 1073 [m]
Tiont 138 x 103 ]
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