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Figure 1. Conceptual sketches of some three-
dimensional (3D) medical telepresence paradigms.
Left: a portable multi-camera unit. Right: hospital-
based 3D viewing. (Sketches by Andrei State.)

1. INTRODUCTION

Two-dimensional (2D) video-based telemedical consultati on
has been explored widely in the past 15{20 years. Two issues
that seem to arise in most relevant case studies are the di -
culty associated with obtaining the desired 2D camera views,
and poor depth perception. To address these problems we
are exploring the use of a small array of cameras to recon-
struct a real-time, on-line 3D computer model of the real
environment and events. We call this 3D medical consulta-
tion (3DMC). The idea is to give remote users what amounts
to an in nite set of stereoscopic viewpoints, simultaneous ly
addressing the visibility and depth perception problems as -
sociated with 2D video. The idea is illustrated in Figure 1.

Figure 2: 3DMC prototype. Left: a camera-
lighting array with eight Firewire cameras and high-
frequency area lights. Middle: transportable rack
with ve high-performance GPU-equipped servers.
Right: remote 3D viewing station.
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Our current 3DMC prototype consists of a camera-lighting
array, a transportable compute/rendering cluster, and a he ad-
tracked display. See Figure 2. The camera-lighting array
consists of eight 640 480 resolution digital (IEEE 1394a)
color cameras from Point Grey Research. The cameras are
positioned so their visual elds converge on the same region
of interest on the patient. See also Figure 3.

The compute/rendering cluster (middle in Figure 2) con-
sists of ve dual-processor PCs mounted in a transportable
shock-resistent rack case. Four PCs function as camera
servers, converting the raw Bayer pattern images into RGB
images and compressing them using JPEG then forwarding
the compressed video streams via dedicated gigabit Ether-
net to the 5" PC. The 5™ PC then decompresses the video
streams, loading the color images into texture memory of
a Radeon X800XT 256MB AGP8X graphics card for GPU-
based view synthesis.

2. GPU-BASED VIEW SYNTHESIS

To achieve a visual sense of 3D telepresence we use a novel
approach called View-dependent Pixel Coloring (VDPC) [1].
VDPC is a hybrid image-based and geometric approach that
estimates the most likely color for every pixel of an image
that would be seen from some desired viewpoint, while si-
multaneously estimating a 3D model of the scene. By tak-
ing into account object occlusions, surface geometry and
materials, and lighting e ects, VDPC can produce results
where other methods fail|in the presence of textureless re-
gions and specular highlights|conditions that are common
in medical scenes.

We use the graphics hardware on the 8" PC to perform the
3D reconstruction very quickly as the images arrive from
the four camera server PCs. The basic idea is to use the
graphics hardware to rapidly render the camera images onto
a series of virtual (computer graphics) planes swept through
the scene, searching in parallel for the best color matches
(least variance) at a dense set of points on the planes [2].
The result is a relatively dense depth map that we can then
render, again using the graphics hardware.

3. ORBITAL RECON. FRUSTUM

Our 3DMC prototype reconstructs the scene surface using
plane sweeping throughout a synthetic reconstruction frus-
tum. The pyramid shaped reconstruction frustum is dis-
cretized into parallel planes perpendicular to the major ax is
of the reconstruction frustum. The planes are partitioned



