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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.
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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
than good. In this work we have chosen not to model the
effects of refraction and to rely on luminance differences to
convey the figure/ground discontinuities.

Specular highlights, because their locations on a
surface are viewpoint-dependent, are less-than-ideal
indicators of surface depth — under both monocular and
binocular viewing conditions.

In a stereo view, specular highlights will appear to
float slightly above or below a curved surface rather than to
lie on it. Figure 1, after [2], illustrates this concept.
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Figure 1: This diagram, modeled after a similar
image by Blake and Biilthoff [2], describes why

specular highlights will appear to float behind
convex surfaces and in front of concave ones.

Although psychophysical evidence indicates that, with
minimal practice, people can learn to use the direction of
the depth disparity between the surface and the specular
highligh to disambiguate aspects of the surface’s shape [2],



Figure 4: Spot textures of various sizes and spacings.

Figure 5: Contour line textures.



8.2 Spot Textures

Figure 4 gives an example of the types of results that
are achieved when circularly symmetric Gaussians rather
than oriented slabs are used to modulate the opacity of the
same transparent surfaces. The element centerpoints in
each of these cases are defined using the same method
described above for the stroke texture, so that they will be
evenly spaced across the transparent surface; qualitatively
different (and greatly inferior) results are achieved if the
spherical texture elements are specified to lie at evenly-
spaced points within the volume.

To appreciate the differences in the quality of the
surface shape description provided by spot textures as
opposed to principal direction strokes, it helps to imagine
being asked, say, to reproduce the depicted surface in clay.
While the spot texture gives good local information about
the surface location, the strength of the principal direction
texture lies in its ability to highlight the essential features of
the structure of the surface shape — in this case the four
ridges that meet at the central plateau.

8.3 Contour Line Textures

Figure 5 shows the results of texturing the same
transparent surface with contour lines modeled by the
intersection of the surface with solid planes evenly spaced
along different combinations of object space axes. The
particular appearance of the textures defined by any subset
of grid lines, as in the upper left, upper right and lower left
images, will obviously vary depending on the direction
from which the surface is viewed; for example, the lines
that appear horizontal in the upper left image would, if seen
from above, resemble the concentric level curves of the
image below it.

9. CONCLUSIONS

Transparency can be a useful device, in scientific
visualization, for simultaneously depicting multiple layers
of information. In computer-generated images, as in real
life, however, transparent surfaces can be difficult to
clearly see and also see through at the same time. By
adding opaque texture elements to a layered transparent
surface we may enable its three-dimensional shape and
relative depth to be more easily and accurately perceived,
and a texture pattern that explicitly conveys perceptually
relevant characteristics of surface shape may be especially
effective. Line orientation has long been regarded by
artists and illustrators as being of significant importance in
conveying the shape of objects in two-dimensional
drawings, and lines that “follow the form” are believed to
portray an object’s shape particularly well. We have
described a method for texturing transparent surfaces with
uniformly distributed opaque short strokes, locally oriented
in the direction of greatest normal curvature and having
length proportional to the magnitude of the curvature in the
stroke direction, and have provided an opportunity for
empirical comparisons that may offer slight insight into the
relative strengths and weaknesses of this surface texturing
approach.
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