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Abstract

In this dissertation, stabilizing and driving nonlinear controllers for a mobile inverted
pendulum (MIP) are proposed. The key idea of the controllers is based on energy shaping and
two dynamical properties of the MIP. The one is passivity, which is the inherent property of
energy dissipation of physical systems in motion, and the other is dynamical instability.
Especially, interconnection and damping assignment passivity-based control (IDA-PBC) is
applied and the way of energy shaping to enhance the safety of the MIP is shown. All of the
proposed controllers have state-dependent gain properties. They stabilize and drive the MIP
theoretically restricting the states in a predefined region and actively recover the system back to
desired states. The contents of this dissertation are as follows.

Chapter 1 describes the introduction and the motivation of this study.

In chapter 2, performance of IDA-PBC is verified. It is applied to a cart-inverted pendulum
which has similar dynamics to the MIP. Although controllers based on energy shaping can
guarantee a large domain of attraction, transient responses tend to be slow in general. Utilizing
free parameters which are not focused on in previous studies, IDA-PBC is shown to be able to
achieve both of fast transient responses and a large domain of attraction. Validity of applying
IDA-PBC for the MIP is decided based on the results.

In chapter 3, the stabilizing controller for the MIP is designed. Nonlinear partial differential
equations (PDEs) must be solved when IDA-PBC is applied for an underactuated system like the
MIP. This is difficult task in general. The PDEs are shown to be solved for the MIP and the
controller is derived. A graphical way of selecting controller parameters to guarantee stability is
also proposed. With appropriate tuning based on the knowledge obtained in chapter 2, the
proposed nonlinear controller shows performance which is superior to a typical linear controller.

In chapter 4, the driving controller to track a reference translational acceleration utilizing
instability is proposed. When the body angle is controlled to be inclined steadily, the acceleration
becomes constant due to the dynamic equilibrium. The dynamics of the MIP focusing on the
body angle is shown to have an appropriate structure to derive the IDA-PBC controller without
solving the PDEs. Although it focuses only on the body angle, the MIP is driven with
destabilization. Effectiveness of the controller is verified in simulations and experiments.

In chapter 5, the MIP is extended introducing a slider mechanism for the center of gravity of
the body and the driving controller is designed. Previous studies on the extended MIP use linear
controllers which guarantee stability in the neighborhood of the static equilibrium. This study
extends the controller design procedure in chapter 4 to the new system. Effectiveness of
accelerating with intentional inclining and sliding body is shown in simulations and experiments.

Chapter 6 describes the conclusion of this dissertation.
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