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Development of Boolean Operations for CAD System Kernel
Supporting Non-manifold Models

Sung-Hwan Kim*, Kunwoo Lee®™*, Young-Jin Kim***

ABSTRACT

The boundary evaluation technique for Boolean operation on non-manifold models which is re-
garded as the most popular and powerful method 1o create and modify 3-1> CAD models has been
developed. This technique adopted the concept of Merge and Selection in which the CSG tree for
Boolean operation can be edited quickly and easily. In this method, the merged sel which contains
complete information about primitive madels involved is created by merging primitives one by one,
then the alive cntities are selected following the given CSG tree.

This technique can support the hybrid representation of B-rep(Boundary Representation) and
CSG(Constructive Solid Geometry} tree in a unified non-manifold model data structure, and ex-
pected to be used as a basic method for many modeling problems such as data representation of
form features, and the interference between them, and data representation of conceptual models in

design process, cfc.
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Table 1. Euler operators

Name Description
MEV(KEV)  make(kill) cdge, vertex
Busic MECGKKEC)  make(kill) edge, cycle
Euler MFKC(KFMC) make(kill) face, kilimake) cycle
Operators  MFR(KFR)  muke(kill) face. region
MVS(KVS)  make{kill) vertex, shell
MVL(KVL} makefkill) vertex, loop
- SEMV(JEKYV) split(join) edge, makegkill) vertex
Ef;i‘r““““‘ MER(KEF)  make(kill) edge, face
Operators KEML{MEKL) killimake) edge, make(kill) loop
© KEMS(MEKS) kil{make) cdge, make(kill) shell
Additional
Topological MMR(KMR) make{kill} mexdel, region
Operators
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(2) WAPY ¥ wANe] Ao duYy

o) 3] Create_topology_from_Xgeom <kl 2}-8-5|%)
W 4 F. Add_point_on_entity?] WEE AN
t). oly= lHog Foir)i= w3 A7l A
FE] arapge] AR “1?"17‘] A el base_
entity 2 orohle] AU o] 24§ Fhvh Fig
78 2% ulg 0w A age] dejzl A1
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82 @R es ®’AYLS A ,qﬂ\, Ae] 729}
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Wel 7+ 7 7} A Fle] vk

PROCEDURE Add_point_on_enfity :
input : 231 9o} FF, 237 YR FF
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o] Az F ol shrte] AAZ wAe} I

base_entity : vertex base_entity : edge
(a) (b}

Fig. 7. Basc entity of infersection point from mlerscctmg a
planc.

base emlty face

/7//////

Euler Op :  Nore SEMY Nons
base_enlity - vertex udge 1ace veriex edge
(a) ®) {£) () (»)

Fig. 8. Creation of a veriex from intersection point.

output: WA E  Ex]Y(new_vertex), FX]Zo]
F9%l base_entity
IF 271213 91424 ol
IF Zxdo] qie] A B2 5 sl 33 gk
o} dx)sly new_vertex- 7 AIZ A, base_
entity< -7 AIEA| 4 Ofa)
ELSE IF 22} e] 7l2] A n4qg] 9 2led
2de] |42} SEMVE AH8-3lo] new_vertex
A3, base_entity-- A EAJ] Ob)
2Ego] Qg A7) 2xz]el] ownershipg Ab4r
ELSE IF irztgo] #io] ufel glom e4qle)
AFZ} MVLE AL83}0d new_vertex B3, base_
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END IF
ELSE IF 27447 $]42.47F w4ejo)a
IF Zapol moele] #4 F shte} i ghel
A x]5bH new_vertex—E7Y, base_entity—F
3 O(d)
ELSE IF s2algo} 2Afe] $1¢) glem 2 o
Akz} SEMVE  AR&-3l¢] new vertex 343
base_entity -5 4] 2]
2&x]o] A2 A7) waie]el ownershipS A3
Ole)
END IF
ELSE IF 522} A7} 2JAFS A7) 3R] el
new_vertex—2F2] 3], base_entity—3F2] Y
END IF

g glold (bs} (@)o} Ho) 71Be] w7} ¥
Y(spliyd Wl resteiof & 7o) a7k ]
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mOWN i POWN

»ewOWN
peri_okEDGE_s) pan_of EDGE_s)
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Fig. 9. Ownership of a vertex created by intersecting betw-
een cdge of merged set and face of primitive.
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ZARAE A4 5], 2 E FA3H-E B8 move_
unpartnered_vertices, N2 YA e|E BALslE move
_unpartnered_edges, “re|i7 VI 9lE ¥Alsls
move_unpartnered_foces & )22 553054 o]
Foyali, o o4 HE stgel glow FuiA Kl
o)F move_unpartnered_edges &2 {J 822 1:7)
shd g ho}

PROCEDURE move_unpartnered_edges :

input: $AMe 1 CLEe] £ H*fz}ﬂﬂ‘*l ikl
step 1 JLE W] ME M wae|E 2o} el
[SATRRN
step 2 "1 )2} *{1 2] A7} S A s B

A7 R34 e kol Wik
step 3 ¥ 7t walelal) el 5 S 4. o]
ol4e) A4k ¢l oM £X.
DAY sl ol f Aol v
Ashel)o Fral| 9lood, el 342 MEC, v}
& ekl Aol slew, £ QA

MEKS & = ’\}—9—6"-0'-{ W &-I l;'.-]({_dge)_‘ 'L'I_- l;L-!-_
@ A A wa]e]oll ownership-& 4 stod 2|48kt
@ A4 4% ¥ )els)e) o SabAdle whEe] Mgl

g gjo] dAdela] A2 Q4] wafele qdEans
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L’Z’"{}*]l" o) F . Glvx & A 2] cd ool gl
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L(‘u _.L.. n1|0

vl § 8.2 move_unpaetnered_faces2] )8

o byt ek,

PROCEDURE moveﬁunpaﬂnered  faces :
input: ¥ «]._% 18, T1Eo] ik wigl 2] ofyo

step 1 glef o & o]_Q. “1Eo] L7 wigha2) ol

hip of reghom hip of copied
... o we sn P edge of powitive

part_ol(REGION a)
part_of(REGIGN b)

ownership of vertex
| _created by copyiug .
part_of(REGION_a)
part_of(REGION_b)
part_W(EDGE _wew} :

part_of{REGION part_of(REGION_ny

H{REGIUN new) part_of(EDGE_ncw)

Fig. 10. Owncership of new edge <opied 0 merged sel.

FHECAD CAMEN ] 4] & 131 A 13 1werd 34

o, .

4
2y

TP
=3

R

{a) Lopy o veruces () copy of edges

Fig. 11, Copy of vertices and edges.
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(2) HAbshz o] sl o] 4h2] & £-Z(hole loop)
g vd, & g Sukge Bala wie

(bridge cdge)E 2] 8L wkEC),

i3) §+3- Shell_search_from_pseudo_face s 5.3 1o
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2l2] F9e vlaled via Hashy 941 sty sfo}
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Fig. 13. Boolean tree.
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PROCEDURE Get_alive_entities_of node :
input : A, Bk 2elo] ¢
outpaut : alive it oAl $}A Q259 2lA

IF Fol7) x o) v]-8o] 7] 2B Ao
Watael zi: 4 Qo] ofs] AYEAoE
7R 9l part_of?] Wiie]| Z|E-E-AH2) 9
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et
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@ et odadate] 571 (-] Aol
Closure?d 1+-g 58§ 3hc}.
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(a) merged set

CSG tree: base + wall - window + step
+ ear - hole + boss1 + boss2

(b) selected result 1

CSG tree: base + wall - window
+ step - hole + boss1

Fig. 15, Case study 1.
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(a) merged set
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{b) selected result 1

CSG tree : MO+M1-M2+M3+M4-M5

+M6+M7-M$
(¢) selected result 2

Fig, 16. Case study 2.
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Shell vertex

Fig. 17. Purge opcrator.
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