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Abstract

Creating 3D computer models is a difficult, time
consuming task. Existing systems capable of providing
detailed, expressive models of sufficient quality for
Hollywood or CAD can be labor intensive and complex,
thus limiting creativity and the availability of good 3D
models. During the past few years, several systems have
been presented that address some of these limitations by
using distance fields to represent and create models [I-
5]. In this talk, I will present the latest advancements to
the Kizamu system [1] and several new design paradigms
that can make use of distance fields for creating and
editing 3D geometry.

Overview

An object’s distance field represents, for any point in
space, the distance from that point to the surface of the
object. A signed distance is often used to distinguish
between the inside and outside of the object. The metric
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used to measure distance can take many forms, but
Euclidean distance is frequently favored because of its
utility in a number of applications (such as collision
detection and force computation during haptic rendering
and surface offsetting for computer aided design).
Distance fields have been used in many fields, including
computer aided design, medical imaging and surgical
simulation, deformation modeling, fluid simulation, and
robotics (see [6] for a list of references). Distance fields
are a specific example of implicit functions, which have a
long history of use and study.

Early work represented distance fields implicitly;
operations on the distance field were computed from the
implicit representation at query points as needed. Because
computing distances to arbitrary surfaces can be
computationally expensive, this approach proved to be too
slow for interactive applications. More recent work uses
sampled distance fields, computing and storing distance
values in regularly sampled volumes or various data
structures designed to reduce processing times and/or
memory requirements, and reconstructing distances
between sample points using an interpolation function.

Figure 1. Lofted model with detail applied
using a pressure sensitive pen.

Figure 2. Detailed geometric model of stones
acquired via a digital camera.



Adaptively Sampled Distance Fields (ADFs) [7] provide a
detail-directed sampling of the distance field, using higher
sampling rates or more sophisticated interpolation where
needed (e.g., near detailed sections of the object’s
surface) and lower sampling rates where the distance field
varies smoothly (e.g., near relatively smooth sections of
the surface). ADFs store the sampled distances in a spatial
hierarchy for fast processing, thereby providing a
practical representation of distance fields that provides
high quality surfaces, efficient processing, and a
reasonable memory footprint.

In 2001, we presented Kizamu, a system for sculpting
detailed models using ADFs [1]. Since then we have
made several advancements to the system, adding new
functionality and a pressure-sensitive pen-based input
device for sculpting, and improving performance and
memory use. In addition, we have developed several new
design paradigms that allow us to quickly create both
initial geometry that can then be sculpted in the Kizamu
system and detailed geometric texture that can be used
either to create new models or to enhance existing
models. These design paradigms include a method for
designing and creating detailed terrain models using a 2D
paint-based metaphor, a method for acquiring detailed
geometry from natural scenes using an ordinary digital
camera, and a method for lofting along spline curves
between 2D shapes with arbitrary topology.

Figure 3. A loft between a Palatino ‘a’ and a
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