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Abstract

Coliseum is a multiuser immersive remote teeconferencing system designed to provide
collaborative workers the experience of face-to-face meetings from their desktops. Five cameras
are attached to each PC monitor and directed at the participant. From these video streams, view
synthesis methods produce arbitrary-perspective renderings of the participant and transmit them
to others at interactive rates, currently about 15 frames per second. Combining these renderings
in a shared synthetic environment gives the appearance of having all participants interacting in a
common space. In this way, Coliseum enables users to share a virtual world, with acquired-
image renderings of their appearance replacing the synthetic representations provided by more
conventional avatar-populated virtual worlds. The system supports virtual mobility—participants
may move around the shared space—and reciprocal gaze, and has been demonstrated in
collaborative sessions of up to ten Coliseum workstaions, and sessions spanning two continents.
This paper summarizes the technology, and reportson issues related to its performance.

CR Categories. H.4.3 [Information Systems Applications]: Communications Applications—
Computer conferencing, teleconferencing, and videoconferencing.
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1 Introduction

For decades, videoconferencing has been sought as a replacement for travel. Bandwidth
limitations and the accompanying issue of quality of the enabled experience have been central to
its delayed arrival. Resolution and latency lead the way in objectionable factors but, were these
resolved, close behind would come the issues that separate mediated from direct communication;
the sense of co-presence, access to shared artifacts, the feeling of communication that comes
from the passing of subtle through glaring signals that characterize face-to-face meetings. In the
Coliseum project, we are working toward establishing a facility to meet these communication
needs through a thorough analysis of the computational, performance, and interaction
characteristics demanded for universally acceptable remote collaboration and conferencing. Our
goa has been to demonstrate, on a single desktop personal computer, a cost-effective shared
environment that meets the collaboration needs of its users. The solution must provide for
multiple participants—from two to tens or more—and support them with the required elements
of person-to-person interaction. These elements include:

Acceptable video and audio quality, including resolution, latency, jitter, and synchronization
Perceptual cueing such as motion parallax and consistent reciprocal gaze

Communicating with words, gestures and expressions over ideas, documents and objects
Joining and departing as easy as the walking into aroom



Traditional telephony and videoconferencing provide some of these elements, including ease of
use and audio quality, yet fail on most others. Our Coliseum effort aims to advance the state of
videoconferencing by applying recent advances in image-based modeling and computer vision to
bring these other elements of face-to-face realism to remote collaboration.

Scene reconstruction, the task of building 3D descriptions using the information contained in
multiple views of a scene, is an established challenge in computer vision [Longuet-Higgins 81].
It has seen remarkable progress over the last few years due to improved algorithms [Seitz 97,
Narayanan 98, Pollefeys 99] and faster computers. The Coliseum system is based on the | mage-
Based Visual Hulls (IBVH) image-based rendering scene reconstruction technology of MIT
[Matusik 00]. Our recent Coliseum efforts have shown that the IBVH method can operate at
video rates from multiple camera streams hosted by a single personal computer [Baker 02].

Each Coliseum participant works on a standard PC with LCD monitor and a rig housing five
video cameras spaced at roughly 30 degree increments, as shown in Figure 1. During a
teleconferencing session, Coliseum builds 3D representations of each participant at video rates.
The appropriate views of each participant are rendered for all others and placed in their virtual
environments, one view of which is shown in Figure 2. The impression of a shared space results,
with participants free to move about and express themselves in natural ways, such as through
voice, gesture, and gaze.

Handling five video streams and preparing 3D reprojection views for each of numerous
coparticipating workstations at video rates is a formidable task. Tight control must be exercised
on computation, process organization, and inter-desktop communication. At project inception,
we determined we needed an effective speedup of about one hundred times over the MIT IBVH
processing on a single PC to reach utility. Our purpose in this paper isto detail some of the major
issues in attaining this performance.



