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Abstract

Multi-legged robots have many legs, which makes them highly
tolerant of falling and leg malfunction during locomotion, and they
are expected to be used in a wide variety of scenarios. However,
it was very difficult to plan and control the movement of many legs
interacting with complex environments. We developed a multi-leg-
ged robot composed of many body segments and legs. The body
segments are connected by a joint with a torsional spring. We clar-
ified that the straight walk becomes unstable through the pitchfork
bifurcation depending on the spring stiffness, and transitions to the
curved walk, whose curvature depends on the stiffness. We intro-
duced a variable stiffness mechanism and controlled the instability
and the curvature of the curved walk to approach the target. As
a result, we succeeded in achieving maneuverable and efficient
walk, without complex calculations and with low energy consump- Fig. 1 Multi-legged robot
tion.

Background & Results

Multi-legged robots have many legs, which makes them highly
tolerant of falling and leg malfunction during locomotion, and they
are expected to be used in a wide variety of scenarios. However,
it was very difficult to plan and control the movement of many legs
interacting with complex environments. In particular, many contact
legs are physically constrained to remain on the ground to support
the body, which impedes maneuverability. Maneuverable locomo-
tion for multi-legged robots remains challenging. We developed
a multi-legged robot composed of many body segments (Fig.
1). Each body segment has a pair of legs and the segments are
connected by a joint with a torsional spring. We clarified that the
straight walk becomes unstable through the pitchfork bifurcation
depending on the spring stiffness, and transitions to the curved
walk, whose curvature depends on the stiffness (Fig. 2). Since in- Fig. 2 Stable and unstable walking patterns depending on the spring stiffness
stability in motion means that the motion cannot be continued, it is
common in robot control to design the control system to eliminate
instability, but it has been suggested that instability is actively used
in animal motor control. We used the instability in our robot to cre-
ate maneuverable locomotion. Specifically, we introduced a varia-
ble stiffness mechanism (Fig. 3) and controlled the instability and
the curvature of the curved walk to approach the target. As a re-
sult, we succeeded in achieving maneuverable and efficient walk,
without complex calculations and with low energy consumption.

Significance of the research and Future perspective

We achieved the maneuverable and efficient walking of a mul-
ti-legged robot using a simple controller. In the future, it is expected
to be used in a variety of situations, such as working on behalf of
humans in hard-to-reach places. In addition, improving motor func-
tion by exploiting the dynamics of instability and bifurcation would
be useful in the future development of various artificial objects and

provide important insights into understanding intelligent motor con-
trol in animals. Fig. 3 Variable stiffness mechanism
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