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. WHAT IS SHADING?

Raster displays are very simple but versatile mstruments for showing realistic
moving pictures. They allow one to assign any one colour out of several mil-
lion possible colours, individually, to any one of the million or so dots on the
display screen. These dots. which are the picture elements or pixels, are
redrawn every sixtieth of a second, and if the picture is in motion they actually
change value about twenty times a second ‘real-time” computer animation.

To exploit the potential of these devices various algorithms have been

developed to assign the correct values to the pixels. If we consider the prob-
lem of displaying, or rendering. three-dimensional objects which are modelled
(mathematically) in the computer then there are a number of operations which
have to be performed:
® the objects have to be transformed geometrically and projected from three-
dimensions onto the two-dimensions of the display
e the surfaces which are obscured by other objects or which would lie beyond
the limits of the display ‘window’ have to be removed
the visible surfaces have to be rendered on the display in a way which takes
into account the modelled hight sources.
The last operation involves shading. Shading mimics the effect of light from the
modelled environment on the visible surface. Shading is the process which
assigns values to the pixels of a visible surface by approximating the laws of
optics. If objects are modelled as smooth surfaces it 1s often desirable to add
textures to the rendered surface to achieve greater realism.

2. SHADING TECHNIQUES
Since the introduction of raster displays numerous shading techniques have
been developed. There are very many pixels which have to be calculated
repeatedly and so there is a trade-off between realism, with 1ts assoclated com-
putational cost, and speed.

The most realistic pictures are achieved by two rather expensive algorithms:
rav-tracing and radiosity (see plate VII). Ray-tracing involves tracing the path
of a light ray backwards from the pixel where it is going to end up. throu gh 1ts
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reflections and refractions from the surfaces in the environment. to the light
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source from which i1t originated. Radiosity algorithms calculate the diffuse
light energy levels on all interreflecting surfaces of the model. Both techniques
ofter highly realistic pictures, though not perfect, and are very expensive com-
putationally.

Gouraud shading and Phong shading (named after their originators) are less
expensive techniques which often provide adequate levels of realism. They are
particularly suited for many computer-aided design and scientific visualization
applications.

The brightness of the surface depends on the characteristics of the light,
physical properties of the surface, and geometry. The important aspects of the
geometry are captured by various vectors which vary depending on position:
the surface normal (perpendicular), the light direction, and the viewing direc-
tion. Light is reflected from a smooth (mirror) surface at the same angle to the
normal as the incident ray. We will call this specular reflection. A real sur-
face 1s not completely smooth and so diffuse light will also be refiected in all
directions with the intensity depending only on the light direction and the sur-
face orientation. It should be obvious that specular reflection is localized and
produces ‘highlights’, while diffuse effects are more spread out.

It we consider a shape which has been approximated by means of planar
polygons (see plate II) then we can still define normals at the vertices of the
polygon which depend on the normals of the original figure. The directions of
the light sources and the viewing direction can also be found at the vertices.

In Gouraud shading we use these vectors to calculate the intensity
of the pixels at the vertices of the polygon. The intensity values are
then linearly interpolated across the polygon. See plate 111

In Phong shading the vectors are found in the same way but 1t is
the vecrors which are interpolated across the polygon. At each
pixel the shading calculations are performed to find its intensity.
See plate 1V.

Gouraud shading 1s cheap but 1t can lead to undesirable artifacts and omis-
sions. If a highlight lies in the middle of a polygon then it will be missed with
this technique. If things are moving then the highlight will be missed in some
cases and not in others, and this produces a very noticeable scintillation. The
other problem with Gouraud shading i1s that the rate of change of intensity
makes sharp jumps between adjoining polygons. The intensities are continu-
ous but not their derivatives. Unfortunately the eye 1s sensitive to this discon-
tinuity: the eftect produced 1s known as Mach banding.

Phong shading ameliorates, although it does not eliminate, the problems
with Gouraud shading. The drawback is that several vectors have to be inter-
polated. The interpolation of a vector 1s a great deal more complicated than
that of a scalar 1n that it involves divisions and square root calculations.
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Shading techniques exhibit a clear trade-off between computational cost and
realism. Realism is needed to convey information accurately but interaction
and animation also require that a certain minimum processing speed be pro-
vided for every user. There is thus a continual pressure to provide realism
which is computationally cheap.

3. FAST PHONG SHADING
Gouraud shading can be implemented in hardware and so the high speeds
necessary for real-time graphics can be achieved. In order to deal with the
problems outlined above however one either has to make the polygons being
shaded very small (and lose the speed advantage in that way) or switch to
real-time Phong shading.

In the ‘raster graphics on the basis of VLSI" project at the CWI new algo-
rithms have been developed which allow Phong shading to be implemented in
hardware. The essential idea is that interpolation on the unit sphere can be
used instead of vector interpolation. This technique avoids complex calcula-
tions which have bedevilled Phong shading up to now.

The algorithm requires the incremental quadratic interpolation. This means
that it is not only attractive for hardware interpolation but also offers advan-
tages over existing software techniques on general purpose computers. See
plate V.
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