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A Study on Feature-Based Multi-Resolution Modelling
- Part I: Effective Zones of Features

Lee, S H* and Lee, K.-Y.¥*

ABSTRACT

Recent three-dimensional feature-based CAIDD systems based on solid or non-mamfold modelling func-
tionality have been widely used for product design in manufacturing companies. When product modcls
assoctated with features are used in various downstrcam applications such as anabysis, however, simpli-
fied and abstracted models al various levels of detail (LODs) arc frequently more desirable and useful
than the full detailed model. To provide multi-resolution models, the featwres need to be rearranged
according (o « criterion that measures the significance of the feature. However, if the features arc rear-
ranged, the resuiting shape is possibly diflerent from the original because union and subtraction Bool-
ean operations are not commutative. To solve this problem, in this paper, the new concept of the
effective zone of a featurc is defined and identilied using Boolean algebra. By introducing the effective
zone, an arbitrary rearrangement of [eatures becomes possible and arbitrary 1.OD criteria may be
selected to suit various applications. Besidcs, because the cffective zone of a feature 1s independent of
the data structure of the model, the multi-resolution modelling algorithm hased on the cffective zone
can be implemented on any 3D CAD system based on conventional solid representations as well as
non-manifold topological (NMT) representations.

Key words : Multi-resolution, Level of detail, Fcature, Solid model, Non-manifold, Merged set
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Fig. 1. Two ditferent multi-resolution modelling approaches:
(a) polygon-based multi-resolution modelling for
polyhedral models in computer graphics, {b) feature-
based multi-resolution modelling tor solid modcls in
CAD.
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Fig. 10. LOD madels using the volume of the subtractive feature as the LOD criterion, and with additive features taking

precedence over subtractive features.

Fig. 11. [.OD modcls using the volume of the fealure as the LOD criterion, regardless of the feature type.
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Al T R2gh Yol Xialuhg (A (1) % Table
12| 58)
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Vo¥,= Vo V5 (5)

£ )58 Boolean Algebra)2] 2153 4 (5)
£ ofR3l 1 Table 1°] Case 164 97}A2] Zzjof]
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(Case 1) Vyu V¥V uV, =Vyub,ub,
VowViuV, =(Vyulpyul,
= Vyu(Fyub,) (associative law)
= VoV, F)) (commutative law)
= (Vpu V)V, (associative law)
= Vool (6)
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(Case 2) V-V |-V, =V,—V,-V,
Vn—VrV?:(Vo— Y-V,

=(¥, mr/‘)m/L 2 (5))

= VoV, i r“.V() (associative law)

= I/(,m(lf2 M !f, ) {commutative [aw)
=(V,n Py (associative law)
=(Vy-V)-¥, (4 5%
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(Case 3) VyuV,-V, = V= VoulV,-Vy)

VoV, —Vy = (Vpu V)=V,
= (Voo b n s A )
= (Vo V5 YoV, A V) (distributive law)
= (Vp=TyuV -1y (A (5)
=Vy=-V,u(V -V ®)
(Case d) V-V, LV, = VU V- (V- 13)
Vo=V 0¥y =Fy=V )0V,
_U‘)(_\V(f)‘ ’Vv (4‘-](5))

={Vaa Vo) \(V" (W) Vz) (distributive law)

= (KU VY, mV‘) {DeMorgan's law)

(O] A LU 2 S )
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= VauV—(¥,-Vy) &)

(Case 5) VinV n,=VynVan
Ve Vi Vo = (¥ V) n b,
= Vo (¥ V) (associative law)
=y (Fyn ) (commutative law)
=(Vyn VsV, (associative law)
= V¥, (10)

(Case 6) VoLV nVy=Vin VoV 0y
VoV oW, =(Vub ) n,
= (b)) W 415
={Vy— V?)U (V- Vg:) A t3);
= (KN Putrnry) (16)
=y Vyu(Vinis) (1

(Case 7) VoV ut, = Vyuln(Vul,)
Vo ViV, =(V,nVuy,
== Vur, ¢1 (5p
= (V)= -vy o)
= (Ve V)= v (A (5)
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= (Vo) =(V,u¥y) (DeMorgan's law)

=(ur)nrur) (4 5)
=V,uV,n(i wbs) {12)

(Case 8) Vy—V nV,=Vyn¥,- ¥,

Vo= ViVs = (Vy=V )0 Vs
= (Vo VL)n v, (41 (5)
= Vom(! NV} (associative law)
= Von(¥on V,C ) (commutative law)
=(Vpn V) ¥y  (associative law)
=(n)-¥, & (5)
=VynV,-¥, (13)
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= )n v 3 5)
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= (V- ¥y GG
= Vy-Vin ¥, (14)
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