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Progressive mesh representation and generation have become one of the most important issues in
network-based computer graphics. However, current researches are mostly focused on triangular mesh
models. On the other hand, solid models are widely used in industry and are applied to advanced
applications such as product design and virtual assembly. Moreover, as the demand to share and transmit
these solid models over the network is emerging, the generation and the transmission of progressive solid
models depending on specific engineering needs and purpose are essential. In this paper, we present a
Cellular Topology-based approach to generating and transmitting progressive solid models from a
feature-based solid model for internet-based design and collaboration. The proposed approach introduces a
new scheme for storing and transmitting solid models over the network. The Cellular Topology (CT)
approach makes it possible to effectively generate progressive solid models and to efficiently transmit the
models over the network with compact model size.

Keywords: progressive solid model, cellular topology, feature-based design, level-of-details (LOD), solid
model
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2. Progressive Solid Model Representation

2.1 Overview

dutz o AAE JEL Y d B2 54 S8kl

Eil

OOi

g Aget AL oflth Aol wetd e tH Y 2ol ©
TEE AY o) dstE of ol £ §-g-Eofe] AME-E & Stk
olg|gt Trst ¢ oldst A T shuel TR YA H B
r;ﬂ_ /@M o] z—l.&g]tﬂ A]..&;(}‘:. o]ﬂg\ A]-o]]}q z7] 1’4—_,_§} =k
d SM'E SN o7 what , AA WS 2DV, ~ DV,.)S A
Aoz oA HFRY SM'Z e Y3 5 At 7
Z+o] A9l 2l DV DEHE-F(delta volume) 0.2 3}
]h SM"oﬂ/H SMT'Z BN T SMT = SM -+ DY), o] 23
o Fatggstol A g4 2dl 7R sy FP Al A B
)AE} E5H AREAFY] Aol mebA 53
A sl Boh R A AH-E 5 e

5 wE SM = SMOZRE ofe)s} o]
Etl.% A A 71T

YDV, o ooat YDV a0

7|14 Y+ & 2§ Qg ol dold, py, & sm
g} sM'AYo] o] WEHE-Folth.

14 A4 E
o)t 5,

S ENELEERERE REEE

-*DV, 1 —*DV| SMZ -*DV,

SM (M = SM")

N Me {SM', {DVy, DVi..., DV} )& Z2IFHAH
o ¥ (Progressive Solid Model Representation)®) 2kl % 3k
=3, Osus 3 fUe el B9 e 2
YA B 2d A 39 el B osplit 74 ol H]-E THGarland,
M. et. al., 1997).

AEA oz ANE 2B 2d2 ofefo} 22 A

o] gik
AC YDV, whereA=SM" —*SM"
- Completeness : _Y i where
A-* YDV, #@andDV,1 SM" =&
- Presence : DV,eDV—{DV;}

- Non-interaction characteristics : PVi 1 DV; =QandDV; 1 DV; # @

- Volume decreasing property : SM™ 5 SM' foralli,i=1...n

AT AEHEFY £ A4S 2O AIE B A
o o 747 EHJQ of7|A1 711, o] & S5 F Sl HRto|
I 3cHH 54, 2002; Lee, 2002; 0] A3, 2002a)

— Computational expensiveness : SM o ] SM ™' 2] Ho|&= &
2 A sM VS R 3] W] FeREFo
e ERE EA0IA otk ER, FefoldE}
1211 Qg 491D 5 0ok 3] Wzl hin 2o}



Ag EZEA

|

OJAET} obd shick F2to] AET} Hrh.

— Storage problem : {SM’, {DV;, DV,..., DV, }}-& DEHE
Z2E fio] A RElQl s e A E A BF
ge g g

tlo i

— Efficient transmission : &840 2 T2 I A B 2d& X
5] SAAE Qe B FHY 4 U= A

2 ARG S EHPHo] Basth

o|Z g} o] f W&o, B Ao M= AE 2 EZE A (Cellular
Topology) /'S ©¢)ete] T2 I AH mEllS R8sty A)
AN7)E IHE A o) 2 Q8 Z2 a8 H 5P
A A3t

(Progressive Feature) 7] '3 <

2.2 Cellular Topology Representation
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(b) 3D representation of the CT model P

Figure 1. An example of representing CT-based progressive solid models.
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Cs
Cs
F;: base '
F;
F;s Fy
P=F~*F,Y*F,~*F, ~*F,~*F,~*F,
(a) CT-based feature model of P
FEATURE CELL OWNERS FEATURE CELLS
Cr={F;} F;={C}, C;, C3, Cs, C7, Cs, Co}
Cry={F,, F>} F;=1{C,, Cs}
Cs = {F), Fo, Fs} F;={C;, Cy}
Cy={Fs} Fy=1{Cs, Cs}
Cs={F;, Fy} Fs={Cs}
Cs = {F,}: dummy cell Fs={Cs}
C;={F), Fs} Fr;=1{Cy}
Csy={F), Fs} Dummy cells = {Cy, Cjo}
Co={F), F7}
Cjp= {F}: dummy cell

(a) Cell owner list and feature cells

SM = G, G, G, C, G5, G, G, G}

(c) Expected CT-based Level-of-Details of the feature model

Figure 2. Feature cell owners and cell composition.
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3. Progressive Solid Model Generation
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3.1 Progressive Features
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3.2 Generating Progressive Features
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3.3 Progressive Transmission
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* Bright Gray-colored faces are those
faces to be deleted before adding new
porgressive features.

* 0y, Oy, O,, and O; contain 1 face,
4 faces, 2 faces, and 2 faces,
respectively.

Figure 3. A sequence of the generated progressive features.
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4. System Implementation
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5. Conclusion
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Figure. 4. Progressive solid models of a crane arm.
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