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method yields a more familiar im-
age while the latter is technically
more accurate. Steiner uses surface
shading in his hidden-volume al-
gorithm.

To implement surface shading,
reflectance characteristics are as-
signed to the surfaces of the visible
solids in a 4D scene. The shading
rule is used to determine the shades
of all points on the surfaces. The
surfaces are scan-converted, and
the result is mapped to a cube of
voxels.

At first glance, surface shading
in 4D looks like conventional 3D
shading. The important difference—
also true for solid shading in 4D—
is that the normal to the solid,
rather than the normal to the sur-
face, is used; the normal is constant
over every part of the cube, rather
than changing between faces as it
does in 3D.

Because surface shading only de-
termines the shades of the ele-
ments bounding a 4D object, the
points inside a 4D object that
should be visible aren’t in the 2D
projection. While generating a less
familiar and slightly fuzzier image,
solid shading overcomes this inac-
curacy.

In solid shading, reflectance
characteristics are assigned to the
solids rather than to the surfaces
of a 4D scene. The shade of each
point in each visible solid is calcu-
lated, the solids are scan-converted
to determine the shading value for
every interior point, and the results
are mapped to a cube of pixels.

The 2D projection shows every
point which would be visible in 4D,
providing an image that’s faintest
where the object is thinnest—fewer
voxels mapped—and brightest where
it’s thickest—most voxels mapped.
Because fewer voxels are mapped
to the projection along the edges of
the object, the image looks fuzzy.

The same principles used to scan-
convert surfaces in 3D are applied
to scan-converting solids in 4D.
Solids are scan-converted by inter-
secting each solid of a 4D object at
each y value in the 2D projection.
If the solid intersects the current
scan plane, then a polygon is
formed from the intersection of the
solid and the scan plane. That poly-
gon is then scan-converted in the
x,z plane to determine the shade of
all points inside it. Executing these
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steps for every y value in the scene
scan-converts the solid, thereby de-
termining shading values for all
points inside the solid.

[Interested readers may contact
the authors ¢/o CGW for the scan-
conversion algorithm.]

Surface and solid shading can be
combined such that solid shading
is used to shade the visible solids
of a scene and surface shading to
shade the surfaces belonging to
each solid. The reflectance charac-
teristics of each solid are assigned
to each surface in each solid.

The resulting scene does not, how-
ever look much different from that
generated by solid shading. The sur-
face shading adds only a constant

solids of a hyperobject—points found
only in solid shading.

Using surface shading, the proper
shade for points in such a shadow
can be calculated only if the shadow |
is cast on points which lie on the
bounding surfaces of a solid. There
are two ways to calculate a shadow
using a predetermined shadow val-
ue, but they yield only crude ap-
proximations.

Because all inside points are
shaded, considerably more time is
required to calculate a solid-shaded
4D scene. Surface shading is thus
less computationally expensive.

The shading model presented
here includes a 4D extrapolation of
a 3D shading rule and two methods—
surface and solid shading—to apply
that rule to 4D objects. Each method
has its merits and flaws; choosing
between them is a matter of assign-

In fact, the shading model extends
to any dimension by following
the pattern used to go from 3D to 4D.

shade to each solid in the scene. But
if the viewpoint and light source
are far away from the object, solid
shading also gives the appearnace
of a constant shade across all the
surfaces of a given solid. (The only
variables that change from point to
point in solid shading are the dis-
tance to the light source, the vec-
tor to the viewpoint, and the vector
to the light source.)

Objects characterized by either
4D surface or solid shading are in-
herently ambiguous in that any pro-
Jection to a lower dimension always
involves some loss of information.
But both present valid if distinctly
different 2D projections of the 4D
objects they characterize.

As noted, surface shading yields
more familiar-looking, if not in-
sightful or accurate, representa-
tions than does solid shading.
Given its representation of all visi-
ble points, solid shading is a tech-
nically more accurate method.

Shadows are also difficult to rep-
resent accurately using surface
shading. In 3D, a shadow may fall
on a surface such that only points
inside the surface are shadowed. In
4D, a shadow may likewise fall en-
tirely on points inside one of the

ing specific graphics application
priorities.

The important thing is that shad-
ing can be used to characterize 4D
scenes with greater sensibility and
accuracy. In fact, the shading model
can be extended to nD by following
the pattern used to go from 3D to 4D:

*All vectors become ntuples
*Normals to (n - 1)D objects are
used

*nD objects are mapped to an (n
-1)D hypercube of hyxels

Prior to Steiner, researchers used
line drawings to represent hyper-
objects. His hidden-volume elimi-
nation research used shaded images
to show the results of hidden-
volume removal. Steiner applied a
rudimentary shading rule to the
bounding polygons of each visible
solid in the scene. This is the only
reported attempt to shade hyper-
objects. The pictures calculated
through application of polygon
shading and solid shading demon-
strate that shading can be used to
shade hyperdimensional objects.
The logic extends through applica-
tion of the nD shading rule to (n
-1)D entities. cew

COMPUTER GRAPHICS WORLD OCTOBER 1987




