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Generation and Transmission of Progressive Solid Models
Using Cellular Topology

Lee, ). Y.*, Lee, J.-H** Kim, H** and Kim, H.-S**

ABSTRACT

Progressive nwcsh representation and gencration have become one of the most important issues in net-
work-based computer graphics. However, curremt researches are mostly focused on triangular mesh
maodels. On the other hand, solid models are widely used in industry and are applied to advanced appli-
cations such as product design and virtuad assembly. Moreover, as the demand lo share and transmit
these solid models over the nerwork 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 @ Cellular Topology-based approach (0 generating and transmiling  progressive solid models
tfrom a feature-based solid model for intemet-bascd design and collzboration. The proposed approach
introduces @ new scheme for storing and transmitting solid maodels over the network. The Cellular
Topology (CT) approach makes it possible to cffectively gencrate progressive solid models and to effi-
ciently transmit the models over the network with compact model size. Thus, an arbitrary solid model
SM designed by a sct of design features is stored as a much coarser solid model SM® (ogether with a
sequence of # detail records that indicate how (0 incrementally rctine SM? exactly back into the origi-
nal solid model $M = SA",

Key words : Progressive solid model, cellular topology. feature-based design, level-of-details (LOD), solid

model

1. M

T

(Progressive Transmission), 2 4) ul4] $F=(Mesh
Compression) 3 4§ J¢7} F g sutsriaia
ZAFE 2ol ARE-NE yde FE Agu
2 ol gatM TP AT Y o)A AF
ol (F, AFAEA L 7P o AE) AMeEE Ae
WP} ohiP) &)= Rl W o), of
213k A &Y ZRAA7F BAREE Slo)lA) D3R )
o) £2)= BdE YEA JolM oJBA &8
Hoz F-fi % 2EL A AP F2% elp2 W
Q23 Qi ol F Mz 5F ojEejAle)d
off st LODAA 2 £53Q d4upgo] ¢
o}, s}z, AAle) R E-e] A4 4zl
=3y Ao|x, £l iy EE A vn]a)
o} A=, AEY @AAS e AT e S 84
o] gul2A o]Fofx7] HME &gz mHle)

AE 22 Fofol A dztel gigt 7ldi7} =
275 o A7) $13E B 2l AdARe)
) XYa) AlAsola) AAE Rel-e Exuusion,
Constructive Solid Geometry, Freeform Deformation
S 22 kg 4 ol Qe A¥F
3> ek shAIgk &&7Q) 73S AEA e oA
Adg o] zhda 2o vz AAst
(Tessellation)=| ookt gt} e}, o R 24438 A
e A3, AE, Y] (Rendering) & A 93}7]el
v B oz el w2e, o|F I3537] 9J3IA 1)
o4} &3} (Mesh Simplification), 2) LOD 434
(Level-of-Detail Generation), 3) T2 A2 AL

=

d]

G Eh A9l 28

#x@at A RFF A Q] BAYE D7 EdT Y
- EERAY: 2003, 03, 22

- AARSEE 2 2003, 06, 23

122

LOD 49 3 Z2 302 el YAole )
Aotz FEE HAT o o|2 N5 BHS 5
gl Fa%F OﬂF:]E]—— MRAE2 0|2 YAYNE §



A G2 o33 L2

bl weba, AAlE e JAdA - s
3, 54, Y 52 ZAe ulg} A 26 2 o9
Fsjolol & Hart et < ¥, 53 oj&e)A
ojAle] ZAo ule] s gwdel st 2pA)olut o
~+sH(Idealization) HYo| 8450, o] Fpdell= At
o] LoD Aol AAlS) Al 7l Detail Removaly
Eo| |29l @ B|Yo] o) Hash,

7R} dz ol RTE L2 2ME RYS A
A7) ool A4tAs7E AATE Hoppes™™ 12
A8 el T8 2 gaest PRES AlAsh
act. 8 2152 27) o) K] Fgustk ohlzg)
2zhel A3l os] F 2@ AAEF(Overall
AppearanceyS Hhsh FA|A71 =0 A ahA] vk o
w3t AL AR o] Bol Hzliz @Ee] Atk
Garldnd e o7ty 29g W27 aEsialz)=
Hhn a8 A A5 =Hl, Quadric Matrix2: ©]8-3]d
Vertex ContractionS 471302 18-A7]3= Wyol
o} o] A7e] 5§42 wid} 3ol ws vk 0}‘-‘]
2} ¢esls mdle] A gojut). ole]§t U
2IdAH ols] AT ATsl=s A o9 &
$2402 NAg L&A T AFAl7) ks Aok
RossignacZ"™! Edgebreakera} B-2]= H7tula] 93
WURIEL AAlE o) I EL 9ed B o
g EFES Holu} B2 JellA] o] &5 vt

°l°l 718Ay A 4 ey £ 47hs]e)
RN B A4 Ze gEa FEE Hlgol
. Rk °‘| AEAAd de) AFE s S mds

aHAe By Eo ‘1’}’ & A °“7"’3

1:]- omal ZQAS A AL LS
Zain ﬁ“’*v‘_”\‘_ " AstolA] Eel= ‘”1”
I.;lc]’ ]k’] lﬂ/\g_l',_]‘—' )~ —§__,_,}x10 = /"'53 ol *’T
g HES ﬂl)‘ls}?i‘llz Belaziz ' t]z}
A A A B Esfo] FaAl BHe
T 2 Morphological 541 %2 AlAIEHAH,
o—i = 0[11 '::gesi»w El__}]a & Aiqe A =] A]
’E} 2 24 B-Rep?) UEslde AL St s
A A FT, Ay Aol Bl FHFe T3
S 2R el s o] Ao wet g sty &
219k, e R4 2z} fuizke] dolapgel= B
o @4sbo] W 25la] W& AAAITHS Q3] o)A

girmse ge)ol 4ol 3 Hae AYY Aol

-I]I.Yi]k

i)
«
|-|J

L ¢

|~

2

1'.‘0 L) HI' 418
& .n
i

_.._. ﬂﬂD o oy of= K
—F '):l

C ndon masgel YU WL A
T, A RS 2 o 29e dEe 7

of A&AIA, ez AR AGAlelol] Fa g
o) 4Psie A4 2 A9 A s

B &) o) A gl A 123

OJABNIE-L Eui= Rl L MBI AdelA HEAT)
2) QelA] meoagAl s S YL Al b}°i°
1, ol Agd EERAE o)gsld o]9A 2&

oz Eaayre 2= vds Hdsx AgM?:L
Z1 Aol B Y S AAIBHGC} At os, 2u}
: T A moS MA s YeiAe 2EHS
SlE{ul % 291 (Efficient Transmission), 22{¢ <
Abap 2o RIESAHS Y FHASHComputational
Cfficiency), zt ell®@7be] Zlo] &o)(Easy Transition
between LODs) ¥ LODS] E.84<1 A -d(Efficien

r]u

RTE DAL 4+ UE ARE YRES AT
o 5 %] gt}

w2 BFasAsle) A Z&A dARY FH
g A% gl ¥ERA 29 ZaelAe
L 2RSS AN YL 59 A
AR w2 7|sleg oy, ol 2y
o= £‘£° RGA7I12 015
Ho 2 ]7]{ HIBJ‘E'-_O_. zﬂ)\]él-

= [3 R
, Ol SAEG ’E}(Set)_i A &9=
SMe Sregts 7] (A2 oeAE 2l spO9)

o) wle] FAHHQY Al Ml dE Wl o

o] FApELEdSo] sl H8-5e] AuHo
Agwd sMe WAL £, FHEgEd S

Smiell BEAZE A9 LRIAE Fu)u "“é!

(PSM) {3 SA°, SM', ... M 2oz R4 H
ado) wojA o]yt *P“’ AHE-2}e) ‘?—*MM
Boto| ma) £33 LOD(Level-of-DewilyS Al33
% 9lth mEbal, B Aol s e e
747t obd &2l N HY TN oy
L AN 5 e el

®eRe] P des Aok 4 23 T2

AlH &Pl mdls g8 WA 1% ¥
AR Byl el Awslr, A 332 273kelA A
= g Elkc}-_g.a—]" 7}1)]03 ﬂ%}lal)kh:!l:_-i‘]g E:'] a2

Rals = Yol chalA

7?—?5:2&':}, H] 4-%,’? %Lei-{é_l’}?. E@Tﬂi, npA|vto 2

54X AF2 9=t

ke

| \},
ofr
g

Itl l‘ﬂ _ﬂ._", -\
) fl
i 01“'-’,{1
W o
gno“;
) .|T
fo lﬁ-cs;

[\]
\
a
2=
9,

rﬁn,}u.‘ﬁmmzm}ne
o E T
O)"
£
X
FOI

2. Progressive Solid Model
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1) e and -* represent a regulatieed union and dilference operations. respectively.
2) s is a negative pattern feature. £, is a transition featurc (.., rounding).

(a) Feature-based design sequence of a CAD*) part

(b) Progressive solid LOD generation

Fig. 1. Feature-based part design and its corresponding progressive LOD gencration.
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Fig. 3. An cxample of representing CTF-based progressive solid models.
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3. Progressive Solid Model
Generation
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3.3 Generating Progressive Features
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4) Ordering clusters and sequencing progressive
features.

3.3.1 Extracting negative fearure cells
Negative SH®Y 48 3 e 2 Ao £49z
S ulwgo g gA 35 F ‘RlEJr %,

NF =3 C, where C is not a dummy cell
P

Fig. 62 Fig. SO 2YE &
ol

H Negative S84

Dilferent view

Fig, 6. Negative (eature cells,

3HLCAD,/ CAME®] =23 Ao AN235 20049 6¥



128 ol o)y, 4] 9, 2184

3.3.2 Clustering feature cells

)25 AT Interacting Feature Cell Graph
(IFCGYS #3381 359 Negative 5H 2} U2
& 2gdd A GeDisjoint Cell Regiony& 2= 3
Ao}, TFCGellA 7t meis 5434 48 A=
A AE eI ¢ ¢ HAe FREe
CFACE?] 7o 2alr] AA=}. 4% WFCGol=
of7) 7)e] & A E E(Disjoint Subgraph)= T
g 4= v}, 2P MBI E= F2FH (Cluster) 2
2 4 99 (Cell Region)22 BHL}, £ 7} ¢
~Eol 3 2R/ 2|2 E el T(Awmic) F
& B3 Composite)2 tHIv} Thet RE A4 A
o] sle) 4affg 7He)71A ©e) FelLHolx 2
P2 gow B8 FejAe7t 9o Fig. 72 Fg. 6
FHE 2T IFCGE ioFed, O S0l vt
vzl @9l Fele

3.3.3 Decomposing composite clusters and merging
atomic clusters

IFCGoIA S8, 3¢ Sel2ee $R330l B2
sie}, 8% g22Elg SE S8 2
o Papguel) eby Wel FHAEZ P £

@
S ®
-

Clustery. composite

Cluster,: atomnic Cluster y: atomic

Fig. 7. Feature cell graph and clusters.

luster
Cluster, ¢ 3

Cluster;

———» : Precedence relation
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Fig. 9. A sequence of the generated progressive features,
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Table 1. Quantitative results of progressive solid models

sm® SM SM”
Models " Soiid s e P
Solid size Faceter size Solid size Faceter sizc Solid size Faceter size
(KB) (KB) N
Fig. 9 8 R 12 45 20 104
Car in Fig. 10 I8 1106 258 1794 634 3394
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