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Abstract

Advances in computing hardware, software, and network technology have enabled
a new class of interactive applications involving 3D animated characters to become
increasingly feasible. Many such applications require algorithms that allow both
autonomous and user-controlled animated human gures to move naturally and real-
istically in response to task-level commands.

This thesis presents a research framework aimed at facilitating the high-level con-
trol of animated characters in real-time virtual environments. The framework design
is inspired by research in motion planning, control, and sensing for autonomous mobile
robots. In particular, the problem of synthesizing motions for animated characters is
approached from the standpoint of modelling and controlling a \virtual robot".

Two important classes of task-level motion control are investigated in detail.
First, a technique for quickly synthesizing from navigation goals the collision-free
motions for animated human gures in dynamic virtual environments is presented.
The method combines a fast 2D path planner, a path-following controller, and cyclic
motion capture data to generate the underlying animation. The rendering hardware
is used to simulate the visual perception of a character, providing a feedback loop
to the overall navigation strategy. Second, a method for automatically generating
collision-free human arm motions to complete high-level object grasping and manipu-
lation tasks is formulated. Given a target position and orientation in the workspace, a
goal con guration for the arm is computed using an inverse kinematics algorithm that
attempts to select a collision-free, natural posture. If successful, a randomized path
planner is invoked to search the con guration space (C-space) of the arm, modeled
as a kinematic chain with seven degrees of freedom (DOF), for a collision-free path
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connecting the arm initial con guration to the goal con guration.

Results from experiments using these techniques in an interactive application with
high-level scripting capabilities are presented and evaluated. Finally, how this re-
search ts into the larger context of automatic motion synthesis for animated agents
is discussed.
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Chapter 1

Introduction

1.1 The Challenge of Model Complexity

Computer graphics involves the creation of images of things both real and imagined.
Computer animation entails the generation and display of a series of such images. In
either case, mathematical models are used to represent the geometry, appearance, and
motion of the objects being rendered. Recent improvements in computer hardware
and software have enabled mathematical models of increasing complexity to be used.
Indeed, synthetic images of some objects have been created which bear remarkable
similarity to actual photographs of real objects. As computing technology continues
to improve, we can expect computer graphics and animation of increasing realism in
the future. Ultimately, the dream of virtual reality may be fully realized, in which
arti cial scenes can be created that are indistinguishable from real life.

The fundamental challenges in computer graphics and animation lie primarily in
having to deal with complex geometric, kinematic, and physical models. Researchers
have developed 3D scanning, procedural modeling, and image-based rendering tech-
niques in order to automate the modeling of the geometry and appearance of complex
objects. For the purposes of animation, algorithms are needed to automate the gen-
eration of motions for such objects. Moreover, even objects whose geometry and
appearance are very simple, may be di cult to animate due to the number of moving
parts/joints which must be dealt with.



2 CHAPTER 1. INTRODUCTION

Figure 1.1: An animated human character composedof 52 moving parts with a total
of 104 degreesof freedom

1.2 Task-Lev el Character Animation

This thesis concernsthe automatic generation of motion for animated characters.
Character animation posesparticular challengesto motion generation due to the
often complex, multi-join ted structure of the models (seeFigure 1.1). In addition,
the motion of ead joint may be subject to multiple kinematic or dynamic constrains
in order to produce body posesand motions that appear natural. Fundamenally,
our goal is to create software that will enablea character to move naturally given
a task-levelcommand sud as\walk over to the table and pick up the book". The
underlying software must automatically generatethe motion necessaryto animate
the character performing the given task.

We have conceitrated on the animation of human-like character models, though
the basicideascortained in this thesisare applicableto other typesof characters. We
have focusedour experimertal e orts on human-like modelsfor the following reasons:

1. Human characters (or characterswith a human-like structure) are commonly
portrayed in animated Ims or video games.



