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1 Goals

The purpose of this project is to reproduce
the results of [1] which describes a non-
photorealistic lighting model for the purpose
of rendering images simular to technical illus-
trations. Technical illustrations, unlike pho-
tos, are not concerned with realism but in
conveying as much information as possible
about the structure of objects. The phong
lighting model commonly used is not suited
for this purpose so an alternative model is
presented.

2 The Phong Model

The phong lighting model is given by:
I =ky+ kgcos(N - L)+ kscos(N - L)"

where [ is a points intensity, ky is its diffuse
reflectence in RGB, k, is the ambient illumi-
nation in RGB, k; is the specular reflectance
in RGB, n governs the extent of the specu-
larity, N is the normal at the point (of unit
length), and L is a unit vector pointing to-
wards the light source. While this model is
useful in aproximating real world lighting, it
is not very effective in conveying all the infor-
mation possible of the 3D structure. Figure-

1 shows a human torso lit with the phong
model.

Figure 1. Diffuse illumination only (ambience and spec-
ular set to zero)

Technical illustrations make particular use
of silhouette edges and specular highlights
to convey structural information. Figure-2
shows the above phong model with edges and
highlights added. It is quickly seen that this
is not satisfactory. The edges away from the
light source (located up and to the right) are
not visible because they blend in with the
black of the object there. Highlights are also
barley noticable due to the bright regions al-
ready present towards the light source.



Figure 2. Diffuse illumination (ambience set to zero),
edges and highlights added

The edges and highlights do convey struc-
tural information as can be seen in Figure-3
which shows the same scene with only edges
and highlights visible.

Figure 3. Edges and highlights only

We can attempt to overcome these prob-
lems within the phong model by limiting the
diffuse component so that it can not reach
white (making the highlights visible) and
adding an ambient component so that it can
not reach black (making the edges visible).
An example of this is shown in Figure-4. The

edges and highlights are visible but by limit-
ing the range of intensities we have lost alot
of the fine structure that was visible before
and now blends into the ambient gray.

Figure 4. Diffuse illumination, with 0.5k; and k, =
(0.2,0.2,0.2), edges and highlights are more apparent

3 Tone-based Model

Technical illustrators make use of contrasting
color temperatures to overcome the previous
deficiency while still keeping black and white
for edges and highlights respectivley. This
leads us to our new model:

1+N-L 1+N-L
I = (%) kcool+ (1 - +T> kwarm

where k., is a color of cool temperature such
as blue, and k4, is a color of warm tempera-
ture such as yellow. Rather than completley
replacing the original diffuse color we use a
linear combination:

kcool - kblue + Ov/kd

kwarm - kyellow + ﬁkd

where o and [ are coeficients which should be
given mid-level values within [0, 1] in order to



limit the range of the original diffused color
preventing full black or white. ke is our
cool color of the form (0,0,0), and Kyejon is
our warm color of the form (y,y,0), where b
and y are within the range [0, 1] to limit the
temeperature shift. Figure-5 shows the above
object with the new lighting model. The finer
detail is now visible aswell as the edges and
highlights.

Figure 5. New lighting model with a = 0.2, 5 = 0.6,
b=04,y=04

4 Edges

We are concerned with three types of edges:
silhouette, crease, and border (Figure-6).
Creases are shared edges on faces where the
angle is above some specifed threshold. Bor-
der edges are those which are on only one
face. Both of these types can be found
in a preprocessing step over the mesh and
then stored. Silhouette edges on the other
hand must be refound whenever the object is
moved relative to the viewpoint.

A silhouette edge is defined as an edge that
is shared by a front facing face and a back
facing face. Finding all such edges involves
testing every edge each time. A faster ran-
domized alternative is described in [2]. Their

process involves sorting the edges according
to decreasing dihedral angle. Edges with a
larger dihedral angle are more likley to be on
the silhouette. So we are likley to get most of
the long silhouettes by checking only a per-
centage of the edges with the largest dihedral
angles. Once a silhouette is found we can
walk along its neighboring edges to trace out
the rest of the silhouette. It is often the case
that silhouete edges in one viewpoint will also
be on the silhouette in nearby viewpoints so
we always recheck these edges. Even so this
method tends to miss some of the silhouette
edges on more complex objects.
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Figure 6. Different types of edges on a box with an
open bottom

Once the edges are found we have decide
on how to display them. We could simply
render them all the same size and the same
color such as Figure-7 but we could do bet-
ter. More information can be conveyed to the
viewer by drawing silhouette edges thicker
(Figure-8). A better approach would be to
draw lines in thicker that are closer to the
viewpoint, such as Figure-9, giving the ap-
pearence of perspective. Finally creases can
be drawn in white (Figure-10), giving the ef-
fect of a highlight on the object.



Figure 7. All lines have equal thickness Figure 9. Lines closer to the viewpoint are thicker

Figure 8. Silhouette lines are thicker Figure 10. Creases are drawn white



5 Metal Shading

In technical illustrations metallic objects are
drawn with very anistropic reflection (ussu-
ally only found on milled metal parts). This
effect is created by placing bands of black and
white lines along the axis of primary curva-
ture. The black and white bands are con-
structed randomly using the formula:

I=0b+ (r*a)

where b = —0.1, r is a random number in
the range [0,1], and @ = 0.4. This formula
is setup to favor black and white intensities.
A 1D texture map with 20 values is then
constructed. To make transitions between
stripes somewhat smooth the texture is fil-
tered with a 1-5-1 weighting scheme. Values
are clamped to be between 0 and 1.

The direction of primary curvature at a
vertex can easily be aproximated by exam-
ining a local neighborhood of vertices. We
know the axis of primary curvature is in the
direction opposite the normal at the vertex.
We can find the distance along this direction

with:
05

~ cos(f)

where 7 is the radius off this axis, and 6 is the
angle between the unit ray of curvature and
the inverse normal direction. We will use the
angle between a ray formed by this axis and
the vertex and some fixed ray to lookup the
proper color in our 1D texture map. Find-
ing a good reference ray is difficult without
knowing all the vertices that share the same
axis. So instead the light source direction is
used. The above method for determining how
far off the axis is not very reliable due to us-
ing only an aproximate value of primary cur-
vature. However this does not matter when
using a light source as our fixed reference ray
when it is at infinity. In this case the magni-
tude off the normal does not effect the angle
since all the rays are the same.

Figure-11 shows a metal shaded object.
The idea that this object is made of metal is
definatley conveyed by the stripes. Figure-12
shows the same object with the metal shading
and the previous tone based shading. Though
not as convincing as the previous image, it
contains the important structurual informa-
tion provided by the tones while still giving
the impression of being made of metal.

Figure 11. Metal shaded object

Figure 12. Metal and tone shaded object



Figure 13. Edges only

Figure 14. Highlights only
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Figure 15. Edges and highlights

Figure 16. Diffuse shading




Figure 17. Limited diffuse shading with ambient illu- Figure 19. Metal shaded
mination to make edges and highlights visible

Figure 20. Metal and tone shaded
Figure 18. Tone shaded



6 Remarks

The experiments show that using color tem-
perature is useful in conveying structural in-
formation. As can be seen in Figure-17 the
base pipe is a solid gray, giving us no struc-
tural information. In Figure-18 we see the
color variation indicating the change in nor-
mal direction. The randomized silhouette al-
gorithm performed poorly with complex ob-
jects, leaving gaps in the silhouette, and
wasn’t that much of a speed up. Finaly the
metal shading technique effectivley conveyed
the impresion of a milled metal surface.
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