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1 Introduction

Skeletal |mpI|C|t surfaces [1] are useful for build-
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involved. The top row of Figure 1 shows a series of
close-ups of a point primitivel, with a large radius
blended with a point primitiV(B with a much smaller

quired. Such models are generated as iso-surfaces ||’P°'“t pr|m|t|ves range from 16 to 4 as indicated in

generators (skeletal primitives) in close proximity so regionis approxmately equivalent to using union be-

that their fields overlap. This process is termgx-
imity blending
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Figure 1. Top row: Regular blend. Bot-
tom row: Restricted blend. Ratio of
radii of large to small point primitives
are (from left to right) 16, 8, 4.

2 Blending between large and small
primitives

There is a problem with proximity blending when

there is a large size difference between the primitives
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tween the primitives and does not have the smooth
blending shown in the close-up views in the bottom
row of Figure 1. The effect is increased as the ratio of
radii increases.

An iso-value of 0.5 is commonly used with the
field function of [3] (theWyvill function as it gives a
preferred shape in the blend region. To find the value
of the field function at some poid® due to a primi-
tive S; it is necessary to know the radiug; of S; at
which the field drops to zero. The nearest distange,
to the primitivesS;, is found. The following is used to
calculate the field value &t due to theith primitive
where the functiorf (r;) is the Wyvill function:

if (ri > R;) return 0 else return f(r;/R;).

0.5 surface representing A+B

0.5 surface of Bwthout
the influence of A Zero Surface of B

Figure 2. Contours for the large and
small spheres showing what happens
when the fields are summed. Left: Nor-
mal Blend. Right: Restricted Blend

Figure 2 shows the iso-value contourdfA + B
and the zero surface @. In this case the ratio of the
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Figure 4. The graph shows the modified

Figure 3. The graph shows the field func- field function used for the larger sphere,
tions for large and small primitives. the restrictedblend.

radii of the large to the small sphere is 8:1. The left using the restricted blend the smaller primitives ap-
hand of Figure 2 is the regular blending method and it pear yellow after blending, as intended.

can be seen that the iso-surfacelof B is very close With primitives other than the sphere the same ap-
to the zero-surface dB. This is due to the functions  proach applies. We are currently exploring various
used to calculate the field values férand B, which functional methods of calculating the restricted blend
are shown in Figure 3. It can be seen that the valueswhen blending with arbitrarBlobTrees

returned ford overwhelm the contributions from.

The blending distancédor the Wyvill function is
defined as the distance over which the field function
drops froml to 0. To improve the shape of the blend,
we propose a method we catgstricted blendingin Restricted blending works well for two primitives
the example below, the blending distance fois R, by choosing the appropriate blending distance. Un-
and R, for B. Figure 3 represents the field func- fortunately this approach does not necessarily work
tions for A (shown in red) and3 (shown in yellow). when it is required to blend more than two primi-
Restricted blending involves modifying the blending tives. We are currently experimenting with continu-
distance of4 to match that ofB. The field function  ous functions which provide a blending distance de-
of A is scaled, then translated, resulting in the field pending on the distance to the primitives involved in
function shown in Figure 4. The field function is fi- the blend. Such a function will return an appropriate
nally clipped so thaf(r) = 1if r < (Ry — Ry)/2 blending distance at any chosen point. Our prelimi-
andf(r) =0if r > (Ro + Ry1)/2. nary experiments show that such an approach may be

The right hand of Figure 2 shows a dramatic an alternative way of eliminating bulging as described
change in the position of the contour representing in [2].
the sum of the two primitives when using restricted
blending. The resulting blends for various ratios of
radii are shown in Figure 1. The field function has
been restricted to vary within the blending distance
of the smaller sphere in each case. Another problem The authors would like to thank the many students,
which is solved by the restricted blend is the blend- past and present who have contributed towards the
ing of primitive colours. Each primitive is assigned a implicit modeling research project at the University
colour. The colour at any point on the surface is cal- of Calgary, in particular Callum Galbraith. We would
culated by weighting the colours of the contributing also like to thank the department of computer science
primitives by the field value contributed by that prim- and the MACI project for the use of a large cluster of
itive. It can be seen in Figure 1 that without restricted workstations for high performance computing. This
blending the red colour of the larger primitives com- work is partially sponsored by the Natural Sciences
pletely overwhelms the smaller yellow primitives. By and Engineering Research Council.

3 Conclusion and Future work
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