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This research proposed a new dynamic rotational walking motion for multi-legged robot. Legged robot has
abilities to isolate their body from terrain irregularities, avoid undesirable footholds, and regulate their
stability. These abilities are very useful in terms of locomotion. Furthermore, legged robot has high flexibility
when it comes to motion design. Therefore, with the author own multi-legged robot unique omni-directional
design, the author proposed a dynamic rotational motion for multi-legged robot to let the robot walk through
narrow spaces which standard walking motion could not succeed. To achieve dynamic motion, the motion is
realized by using isotropic leg arrangement and the dynamic center of mass control inspired by bipedal robot.
There are two controllers used for controlling the dynamic rotational walking motion; Preview Control with
cart-table model based on the bipedal robot technique, and the Resolved Momentum Control for manipulating
the multi-links robot as a single mass.

In order to practically use the motion in actual environment, many motions are needed, for example,
straight motion, turning motions, and rough terrain motions. Previously, the author already proposed the
standard straight motion. Therefore, in this study, turning motions and rough terrain motions will be designed.
Additionally, the author noticed that in actual environment, such as disaster sites or dangerous areas, viewing
ability of an operator is limited by environment itself. This problem inspired the author to aid the motion
control by an operator. Consequently, the author came up with the idea of adaptive gait. Adaptive gait here is
a gait that let the robot understand and effectively respond to its environment by itself without any command
from an operator. In this study, adaptive gait includes body angle compensation to let the robot recognize its
present environment and modify its present body angle to balance position by creating a virtual plane, center
of mass height compensation to compensate errors in vertical axis that caused by environment with high
variations, posture control to adjust robot posture to match with present environment according to posture
optimization database created in advanced by using Genetic Algorithms, and stability control containing the
online zero moment point compensation for reducing errors from environment in horizontal axis and the
compliance control to surplus variation of kinetic energy caused by the differences of terrain level.

Two experiments for turning motions and rough terrain motions are prepared. In the case of experiment on
turning motions, left and right continuous motion, and pivot turning motion are tested. On the other hand, in
the case of rough terrains experiments, experiments are divided into three parts; inclined-plane as linear
variation, step as step variation, and obstacle as impulse variation, to test the robustness of the proposed
adaptive gait.

As a result of this research, with the proposed method, the robot could successfully perform left and right
continuous turning motions, pivot turning motion, up and down inclined-plane motions with angle of 6.8 and 5.6
degree respectively, step and obstacle motions with the highest height of 20[mm], which is about 7.7% of the
robot CoM height, without receiving any commands from user and without falling down by using the proposed
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method of adaptive gait.
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