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This dissertation studies humanoid motion generation via modelling and analysis of
robot dynamics and decision mechanisms.

First, we analyse an exact linear model that can describe arbitrary 3-dimensional
motions of the centre of mass of a humanoid robot. In this model, a zero moment point
(ZMP) moves 3—dimensionally to encode the total external force applied to the robot. To
understand this model, we mathematically reveal some properties and compatibilities of
the ZMP with preceding studies while adding new physical interpretations. Furthermore, we
propose a robust controller for biped balance by utilising the properties of the model.

Second, we develop a scheme to realise dynamic robotic motion. The developed scheme
consists of two procedures: design of kinematic motion series satisfying geometrical
requirements and resolution of dynamical consistency through numerical trajectory
optimisation. The time-scaling technique plays a key role in combining these two
procedures. It transforms a robot dynamics model, represented by a differential equation
with respect to the time, into a spatial differential equation. This transformation enables
us to consider the dynamics in spatial domains. Finally, we demonstrate the generation of
bipedal walking trajectories with extended knees and large steps in simulation.

Third, we propose a decision model that synthesises multiple finite state machines
(FSMs) online to realise the parallel task execution of a multi—arm robot. The proposed
model allows us to design each FSM by focusing only on a specific effector. Then an inverse
kinematics—based method arbitrates all FSMs with kinetic prioritisation. The kinetic
prioritisation and online synthesis framework automatically yield hierarchy and
parallelism of independent task execution and prevent multi—arm robots from getting stuck
Simulation using a dual—-arm upper—body humanoid shows the effectiveness in environments
in which an obstacle moves dynamically
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