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A Study on Feature-Based Multi-Resolution Modelling
- Part II: System lmplementation and Criteria for Level of Detail

Lee, S. H* and Lee, K.-Y.*¥*

ABSTRACT

Recently, the requirements of multi-resolution models of a solid model, which represent an object at
multiple levels of feature detail, are increasing for engineering tasks such as amalysis, network-bused
collaborative design, and virtual prototyping and manufacturing. The research on this area has focused
on several topics: topelogical frameworks for representing multi-resolution solid models, criteria for the
level of detuil {LOD), and generation of valid models afier rearrangement of features. As a solution to
the feature rearrangement problem, the new concept of the effective zone of a feature is inroduced in
the [ormer part of the paper. In this paper, we propose a featurc-hased non-manifold modcling system
to provide multi-resolution models of a feature-bascd solid or non-manifold model on the basis of the
effective feature zones, To [aciliate the implementation, we introduce the class of the multi-resolution
feature whose attributes contain all necessary information to build a multi-resolution solid model and
extract LOD models from i, [n addition, (wo methods are introduced to acceleratc the extraction of
LOD models from the multi-resolution modeling database: the one is using an NMT model, known as a
merged sel, o represent multi-resolution models, and the other is storing dilferences between adjacent
LOD models to aceclerate (he transition (o the other LOD. We also suggest the volume of the feature,
regardless of featme type, as a criterion for the LOD. This criterion can be used in a wide range of
applications, since there is no distinction between additive and subtractive features unlike the previous
method.

Kev words : Multi-resolution, 1.evel of detail, Feature, Solid model, Non-manifold, Mcrged set
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Table 1. Initial mulii-resolution featurc table for feature modelling in Fig. 2

No LOD Feature name C:jz[cl?n Bool Primitive Ef_}/if::’c 1.OD maodel
0 0 Base 0 + Ve Va Ve
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Table 2. Reordered mutti-resolution feature table for the example solid model in Fig. 2: the level of detatl (LOD) ¢riterion
is the volume of the tcature, together with the precedence of additive features over subtractive fcatures

No LOD Feature namc Creation Bool Primitive H.chti\-‘c LOD model
order Zzone
0 * Base 0 8 Va ¥y Ve
| * Boss 2 V, Vs Vot Va
2 0 Boss_[*attern 4 Y Vs Vot V)t ¥,
3 1 Blind_Hole 1 - Y, V-V, Vot Vit V=(V,=V—V.)
4 2 2CBore_Thru_Hole 3 - Ky V-V, VoVt ¥ —(V = V=V )—-(V5-V))
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Algorithm 3. FindLeastSignificantFeature (£ {, £)

2. {, & lower and upper bounds of the (eature range
for searching the least significant fcature:
P dsjsksthsn,

3. Qutput: returns the position of the feature of minimum

velume,

4. Ji Set the variable minAY o a huge value.

5. minAV «- o .

6. for i« { whdo |

L]
7. M= [l

JEINE
8. AY =VolumeO{M, ~M;).
9, if (4¥ < minA¥) then {
10, minAY — AV,
1. min_position « i .
12. 3
3.4
14. return min_paosition.
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Fig. 5. The LOD models according to the multi-resolution
featurc table in Table 3.
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Table 3. Rearranged multi-resolution features for the example solid model in Fig. 2, using feature volume as the LOD

criterion
No LOD Feature namc Creation Bool Primitive Gfiective LOD maodel
order zone

0 0 Base 0 i Vo Va Vo

| | Boss 2 + V. I, VotVs

2 2 Blind_Hole L - Vi Vi—¥, VotV (V = ¥3)

3 3 Boss_Pattern 4 + Vs v, Vot Va(V = Vo)V,

4 4 2CBore_Thru_Hole 3 - Vs Vi-¥, Vit Va= (V= Vo) rVe—(Vi—Vy)
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Fig. 7. Multi-resotution models where the LOD criterion is
the volume of the subtractive feature together with
the precedence of additive features over subtractive

features.
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Fig. 8. Multi-resolution models where the LOD criterion is
the volume of the feature, regardless of whether the
feature type is additive or subiractive.
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Fig. 9. Mubti-resolution madels where the LOD critcrion is
the significance of the feature in a structural analysis.
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