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ABSTRACT

Transparency can be a useful device for simultaneously
depicting multiple superimposed layers of information in a
single image.  However, in computer-generated pictures —
as in photographs and in directly viewed actual objects — it
can often be difficult to adequately perceive the three-
dimensional shape of a layered transparent surface or its
relative depth distance from underlying structures.

Inspired by artists’ use of line to show shape, we have
explored methods for automatically defining a distributed
set of opaque surface markings that intend to portray the
three-dimensional shape and relative depth of a smoothly
curving layered transparent surface in an intuitively
meaningful (and minimally occluding) way.

This paper describes the perceptual motivation, artistic
inspiration and practical implementation of an algorithm
for “texturing” a transparent surface with uniformly
distributed opaque short strokes, locally oriented in the
direction of greatest normal curvature, and of length
proportional to the magnitude of the surface curvature in
the stroke direction.  The driving application for this work
is the visualization of layered surfaces in radiation therapy
treatment planning data, and the technique is illustrated on
transparent isointensity surfaces of radiation dose.

1. MOTIVATION

There are many applications in scientific visualization
that require or can benefit from the simultaneous display of
multiple superimposed layers of information, and
transparency can be a useful device for this purpose.  The
challenge is to render the transparent surfaces in such a way
that they can be both clearly seen and easily seen through at
the same time.

Photorealism, while a worthy goal, does not provide a
sufficient or necessarily appropriate solution to this
problem.  The disciplines of medical and scientific
illustration flourish today precisely because it is so often
the case that a photograph cannot adequately convey the
necessary information about a subject or scene [17].  With
artistic enhancement, one has the potential to minimize
extraneous detail and emphasize important features in order
to portray information more clearly [11].

In order to determine how best to enhance the
comprehensibility of a transparent surface, we begin by
reviewing the factors that make the shape and relative
depth of transparent surfaces so difficult to see.

2. PERCEIVING THE SHAPE AND DEPTH OF
A TRANSPARENT SURFACE

Many of the most perceptually significant cues to
shape and depth are not available on transparent surfaces.
Shape-from-(diffuse) shading information is minimal at
best, and occlusion, ordinarily one of the most powerful
indicators of depth order relations, is present only where
the high intensity of the reflected light at the specular
highlights precludes the discrimination of underlying
objects.  The effects of refraction, which are strongly
apparent in the regions of a surface most nearly aligned
with the viewing direction, emphasize the silhouette and
contour regions of a transparent form but at the expense of
distorting the appearance of underlying structures.  As our
objective is to represent superimposed layers of
information in such a way that each surface can be easily
understood, the effects of refraction may do more harm


