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Figure 1: Renditions of acquired objects with a mixture of highly specular and fuzzy materials.

Abstract

We have built a system for acquiring and displaying high quality
graphical models of objects that are impossible to scan with tradi-
tional scanners. Our system can acquire highly specular and fuzzy
materials, such as fur and feathers. The hardware set-up consists
of a turntable, two plasma displays, an array of cameras, and a ro-
tating array of directional lights. We use multi-background matting
techniques to acquire alpha mattes of the object from multiple view-
points. The alpha mattes are used to construct an opacity hull. The
opacity hull is a new shape representation, defined as the visual hull
of the object with view-dependent opacity. It enables visualization
of complex object silhouettes and seamless blending of objects into
new environments. Our system also supports relighting of objects
with arbitrary appearance using surface reflectance fields, a purely
image-based appearance representation. Our system is the first to
acquire and render surface reflectance fields under varying illumi-
nation from arbitrary viewpoints. We have built three generations of
digitizers with increasing sophistication. In this paper, we present
our results from digitizing hundreds of models.
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1 Introduction

Creating 3D models manually is time consuming and creates a bot-
tleneck for many practical applications. It is both difficult to model
complex shapes and to recreate complex object appearance using
standard parametric reflectance models. Not surprisingly, tech-
niques to create 3D models automatically by scanning real objects
have greatly increased in significance. An ideal system would ac-
quire an object automatically and construct a detailed shape and
appearance model sufficient to place the synthetic object in an arbi-
trary environment with new illumination.

Although there has been much recent work towards this goal, no
system to date fulfills all these requirements. Most current acquisi-
tion systems require substantial manual involvement. Many meth-
ods, including most commercial systems, focus on capturing accu-
rate shape, but neglect accurate appearance capture. Even when the
reflectance properties of 3D objects are captured they are fitted to
parametric BRDF models. This approach fails to represent com-
plex anisotropic BRDFs and does not model important effects such
as inter-reflections, self-shadowing, translucency, and subsurface
scattering. There have also been a number of image-based tech-
niques to acquire and represent complex objects. But all of them
have some limitations, such as lack of a 3D model, static illumina-
tion, or rendering from few viewpoints.

We have developed an image-based 3D photography system that
comes substantially closer to the ideal system outlined above. It is
very robust and capable of fully capturing 3D objects that are diffi-
cult if not impossible to scan with existing scanners (see Figure 1).
It automatically creates object representations that produce high
quality renderings from arbitrary viewpoints, either under fixed or
novel illumination. The system is built from off-the-shelf compo-
nents. It uses digital cameras, leveraging their rapid increase in
quality and decrease in cost. It is easy to use, has simple set-up
and calibration, and scans objects that fit within a one cubic foot
volume. The acquired objects can be accurately composited into
synthetic scenes.

After a review of previous work, we give an overview of our
system in Section 3. In Section 4 we present the opacity hull, a
new shape representation especially suited for objects with com-
plex small-scale geometry. Section 5 describes surface reflectance
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