Abstract of Doctoral Thesis

Title : Locomotion Study of Passive-Spine Multi-Legged
Robot

Doctoral Program in Advanced Mechanical
Engineering and Robotics
Graduate School of Science and Engineering

Ritsumeikan University

roarFxzr
TANG Yongchen

In complex natural environments, multi-legged animals, such as centipedes, can adapt to different
environments. Multi-legged animals typically move in varied environments, such as on soft land or
rough terrain, with strong adaptability, fault tolerance, and high mobility. The trajectory of a
multi-legged robot constitutes a series of discrete footprints, while wheeled and crawler robots are a
series of continuous tracks. Rough terrains often contain obstacles, such as rocks, mud, sand, and
even cliffs and steep slopes, which means that wheeled and crawler robots are no longer suitable for
this type of terrain. While legged robots only need discrete points to touch the ground, they possess
strong adaptability to this kind of terrain. Consequently, legged robots tend cause less damage to the
environment. Although multi-legged robots have many advantages, numerous disadvantages remain.
For example, in order to make the legs coordinate with each other and stabilize movement, the
mechanical structural design and the control system are more complicated than those of other types
of robots. As a result, compared with natural arthropods, the performance of bionic leg robots needs
to be improved.

In order to overcome these challenges, a new methodology for designing a multi-legged robot
with a simple structure and a small number of actuators has been proposed. A traditional
multi-legged robot with 2n-legs requires three motors per leg and necessitates a total of 6n actuators.
In this thesis, we have proposed a legged robot with only one actuator per leg that controls the
lateral swing of the legs to achieve leg lifting and landing. Such a 2n-legged robot requires just 2n
actuators, and thus not only the number of the actuators, but also body weight, are greatly reduced
compared to the conventional design. This multi-legged robot comprises n body segments and n — 1
passive body segment joints between the body segments.

Determination of precisely how to design this robot, which can abduct and adduct its legs with the
same motion ability as a traditional legged-robot, constitutes the focus and challenge of our research.
To model the mobility of this kind of robot with a simple design, the candidate configurations are
first selected by a mobility analysis based on screw theory. By analyzing these configurations,
omni-directional locomotive performance which is generated by a different order of configuration
transitions has been deduced.

Our research also needs to solve the problem of how to better combine motion of the active leg
joints with the passive body segment joints to form the motion of the entire robot. Considering the
results of the mobility analysis, we have obtained the locomotion principle of omni-directional



motion based on a geometric analysis. The contribution of the duration of the supporting phase of
various configurations to the direction of rotation between configuration transitions has been
determined. These different gaits and gait transitions have been also achieved to complete an
obstacle avoidance task.

Our research also provides a method to design multi-legged robots based on the internal motion
mechanism of centipedes. Indeed, the movement method of passive-spine can be extended to a
2n-legged robot to perform undulatory motion by abducting and adducting in the frontal plane of
their active legs.

We have utilized the Open Dynamics Engine (ODE) environment to obtain the simulation results
of the robot design, mobility and the different gait patterns, which verified the correctness of our
robot model and the above analysis. Finally, the results of the analysis that are demonstrated in this
thesis have been confirmed by experiments of a six-legged and a 10-legged robot. The experimental
results show that the proposed design and analysis methodology effectively decrease the numbers of
actuators installed on the multi-legged robot.
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