
Foreword

Over the past few years the fields of computer vision and computer graphics,
two well-established but distinct areas of computer science, have begun to
investigate some common problems. As computer vision techniques have ma-
tured they have found applications to problems in many areas, including
computer graphics. At the same time, the field of computer graphics has
become more concerned with the use of image data for producing realistic,
synthetic images.

The area of overlap between graphics and vision, now commonly termed
image-based rendering, uses computer vision techniques to aid in synthesizing
new views of scenes. Image-based rendering methods are having a substan-
tial impact on the field of computer graphics, and also play an important
role in the related field of multimedia systems, for applications such as tele-
conferencing, remote instruction and surgery, virtual reality and entertain-
ment.

The recent interest in image-based rendering methods has brought with it
a renewed investigation of some well-established computer vision techniques,
in particular stereo vision and structure from motion. Using these computer
vision techniques in the context of rendering new views creates new require-
ments that are just beginning to be understood. This book, which grew out of
Daniel Scharstein’s doctoral thesis, provides a rigorous introduction to some
of these new requirements, and develops new computer vision techniques to
address them.

In this book, Daniel Scharstein provides an introduction to the field of
image-based rendering, including a broad survey of the state-of-the-art lite-
rature. Besides providing a well-written introduction to this area, this text
makes several important research contributions. First, it develops a novel way
of formalizing the view synthesis problem under the full perspective model,
yielding a clean, linear warping equation. Second, it provides new techni-
ques for dealing with visibility issues such as partial occlusion and “holes”,
problems that have received little attention in the literature. In addition, it
provides a thorough re-evaluation of the requirements that view synthesis
places on stereo algorithms. Finally, the book introduces two novel stereo
algorithms specifically tailored to the application of view synthesis.
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Image-based rendering has become an important research area only fai-
rly recently. From the beginning, however, Daniel was firmly convinced that
the new application area of image synthesis would result in a substantially
different formulation of the stereo problem, which would then require new
solutions. His insight was certainly right on. Moreover, Daniel sought out
collaborators such as Richard Szeliski, who had established themselves as
leaders at the boundary of computer vision and computer graphics. Students
like Daniel really lead their faculty advisors, rather than the other way aro-
und.

December 1998 Daniel P. Huttenlocher
Associate Professor of Computer Science

and Weiss Presidential Fellow
Cornell University



Preface

The topic of this volume is an investigation of the use of stereo vision for
the application of view synthesis. View synthesis – the problem of creating
images of a scene as it would appear from novel viewpoints – has traditionally
been approached using methods from computer graphics. These methods,
however, suffer from low rendering speed, limited achievable realism, and,
most severely, their dependence on a global scene model, which typically
needs to be constructed manually.

Motivated by the shortcomings of traditional computer graphics methods,
we present a new approach to view synthesis that avoids the above problems
by synthesizing new views from existing images of a scene. Using an image-
based representation of scene geometry computed by stereo vision methods,
a global model can be avoided, and realistic new views can be synthesized
quickly using image warping.

The first part of this book focuses on the view synthesis problem. Chap-
ter 1 introduces and motivates the problem, and provides a brief review of
stereo vision. Chapter 2 contains an in-depth survey of related work in image-
based rendering and stereo vision. In Chapter 3, we formalize the view syn-
thesis problem under the full perspective model and derive a linear warping
equation using a special rectification step. We discuss how to resolve visibi-
lity, and how “holes” resulting from partially occluded areas can be filled. We
also discuss how the view synthesis method can be used in a larger framework
for image-based scene representations, and present experiments demonstra-
ting that it is possible to efficiently synthesize realistic new views even from
inaccurate and incomplete depth information.

The new application of stereo for view synthesis makes it necessary to
re-evaluate the requirements on stereo algorithms. In Chapter 4, we compare
view synthesis to several traditional applications of stereo and conclude that
stereo vision is better suited for view synthesis than for applications requiring
explicit 3D reconstruction. In particular, limited achievable depth resolution
and matching ambiguities due to lack of texture are less of a problem for
view synthesis. Other issues become more important, such as the correct re-
covery of depth discontinuities. We also discuss ways of dealing with partially
occluded regions of unknown depth and with completely occluded regions of
unknown texture.
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The second part of the book presents several novel stereo algorithms that
are motivated by the specific requirements imposed by view synthesis. In
Chapter 5, we introduce a new evidence measure based on intensity gradi-
ents for establishing correspondences between images. This measure combines
the notions of similarity and confidence, and allows stable matching and easy
assigning of canonical depth interpretations in image regions of insufficient
information. In Chapter 6, we present new diffusion-based stereo algorithms
that are motivated by the need to correctly recover object boundaries. Our
algorithms are based on iteratively diffusing support at different disparity hy-
potheses and locally controlling the amount of diffusion based on the current
quality of the disparity estimate. In particular, we develop a novel Bayesian
estimation technique that significantly outperforms area-based algorithms
using fixed-sized windows. We provide experimental results for all algorithms
on both synthetic and real images.

Chapter 7 concludes the volume with a summary and a discussion of
possible directions for future work.

This book is based on my Ph.D. thesis, which was submitted to Cornell
University in January of 1997. The original document has been revised and
updated thoroughly; in particular, Chapter 2 now provides a comprehen-
sive review of related work through December 1998. Some of the material
in this volume is based on work that has been published previously. The
view-synthesis method in Chapter 3 and some of the material in Chapter 4
was first presented in Scharstein [1996]. The stereo method in Chapter 5 is an
extension of work described in Scharstein [1994a, b]. Finally, the material pre-
sented in Chapter 6 is based on joint work with Richard Szeliski [Scharstein
and Szeliski, 1996; Scharstein and Szeliski, 1998].
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