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Offsetting Operations in Non-manifold Geometric Modeling

Sang Hun Lee*

ABSTRACT

This paper introduces non-manifold offsetting operations, which add or remove a uniform thick-
ness from a given non-manifold model. Since these operations can be applied to not only solids
bul also wireframe or sheet objects, they are potentially useful for pipeline modeling, sheet metal
and plastic part modeling, tolerance analysis, clearance checking, constant-radius rounding and fil-
leting of solids, converting of abstracted models to solids, NC tool path generation and so on.
This paper describes mathematical properties and algorithms for non-manifold offsetting. 1n this al-
gorithm, a sufficient set of tentative faces are generated first by offsetting all or a subset of the
vertices, edges and faces of the non-manifold model. And then they are merged into a model us-
ing the Boolean operations. Finally topological entities which are within offset distance are re-
moved. The partially modified offsetting algorithms for wireframes or sheets are also discussed in

order to provide more practical offset models.

Key words : CAD, Geometric modeling, Non-manifold, Offset

LM £

L1 S99 ERM

+4 ] (offsetting operationyS 03zl E Al
A3 FAL 4e g2 A M= zdolrt. &,
o EAo) thaA] Feo) Wpko = Al g £
£ 471 249 FAZRE AY roldlell Foigl
< B8 HES U 2 el F= Rolz, 29
ke @ SIS A7l ARl A rolufg
25 HES AR YAake] Al

olelgh §A4 242 Helz wodigal ohlel, vt
B welelr} glo)ed T gl (wireframe) K Ao 2 &
444 4 ok o§7)M wEles vy 3ee Sy
224 shte] 2Ajelel 37 o]4ke] e A
3 AL Y FRE FHoe AL =3 9}
olzmald A WY ¥4 AL FA=t A
uhgo A2l wjgd A A wigte) 33 nYs o

$FUY, FUHED S)A LR

A ¥ o 8, e 2l g §4E sk
FoA7k AYY BF AN} FAaE ABE 5L
AY W adog 449 4 Y me o)
= 2ol ek $4 A4 A A, T4 A4
NC 37 A2 A4, 358 Wole 2 53 42
AY, 29 B3 eHedGoundingh Yol
(filleting) ol 589 + UK. vholr} spolo) e
U3 39 mdle] EPHe] At Fo mUBYE &

£ Bg 49N & dE 4 o] <18
2 % 3

aelh 7129 W4 299 AxdeldE stolo]
229, vheh, e de)s vhed) @ shxizo) 2
Ao sz o) Fd Ui & IFE 47 Y
Yoz ARY 4 vl 99T weky Ae 9
9 24 topol BT 2 813 AT 27
4 M Fof sholojze)d), ut 2elm Fel=r)
shis] A2 T2 BYY + & vkl Y4
27 IR o2 o5 el ozt §4 2]
g s 299 84 Hold 9 4 5lA o



2 o]

ek °l°ﬂ Tl A b vrekA] wdle] A =t

-5 T ez Heo)sty, vk Rdzelir o]
oy ?Bﬁi g i de|Ed| sle] LR}
g,

Al 1Az vlvtedA] F4 2hqle a4zt 3
i A sk, A 2ol Az wichekA A 2}
&3S A2} 51 ol THIH .,,.ag}-x«lo[ Ze AHY T
= shlch A SlME R =) 44 S 7
Q% Sleieb 94 9 Aadel AT DY
27} QLo A 4ol vlekobal 4 zedel
W sktelel distel afebin, Al el &
4 Ae AEA7 o5t voprl ghelomAlz
ubh wle] chalo] o) e E UP SHYLE
A A8ES ARE £3A D 5 AeS uof T
X% 3l

1.2 2 o3

WA, gele wde] 4 zg]d [F AFE =
A 48 BEZE s74u}. Rossignac®} Requicha'=
CSG & o] fejz mdelea] F4 AHgde]
CSG Ez|u 9 njgtz X & (non-terminal node)? &
o}7}= CSGO(CSG with offsetiingy2 o] 3ke i)
S Feles Z-NEER A IR eEH
CSG gh4]e) A3, & Felx wrde] o 71 9]
AEe] Beleh 2Fez Y u, o] 7|8 A
& 72k FAAA Y7 et 2R S
e 1?—’-}5 oli+ ¥4 Fei= YAvte vtarhs A
< S5 3l

Faroukilj]‘- A 2 A g A Rele S E‘_
d2] ol A 7\}4?} Frae] felco) diste) A &

5% TER A AL 47149 &4 ~r
He =AW, Mal, ﬂzlzsou el Ao £
39 27158 BT b, o1 5% ole] RN A2
& 4 #e)=g wEE a% Jsde). it of @b
e Wi 25 Fol= Yaol Aol HgA

A 49l Zleg2q 2 BE nAjel} HFR|Hol gl
ol AHEE = gle S 7R3 gt

Chiyokura-Q}- Satoh'= w121 Winged-edge data str-
ucture o] 4] geometric face®} non-geometric face @
o]l Zo)x] ubs} W (lamina face)S E open set S A2
8}, open setE Z+e]| Eiql A& HA P of
&, o] Bejat 2bgd-2 A)g3le] Sl Eel= A4 7
=3 A7) A4S dog)e Selet A= Wy
& 7ipdsbedch. A —"“"’JE"] A 4‘24 2 wiz] 7t
Agel] N FA IS 2 =3 AAA

.xol-

FRCAD,/CAMELE] =54 4 3¢ &l 1 £ 1998 3¢

2

71 th, ]T'i' te] Belab Ale A& s,
Zog & R2{2](convex edge)dl| 7|21%}k open
sets ]’-—] & ede Agd-E ARRale] AMuhs] v

W EFL2 2 o|Folxln}. 2oV} 2 §& FAH s
oAl wl®] 2 Alslel] digE Al dge] A
=

Forsyth”'= i‘ﬂlﬂ ‘i’_"" el TSl i &

A FREE I, o) F ¥ TS wafpdled v
Aele) g4 Mﬂ—-— +6}7 o] TGS 4]
AAA R B2 #F3E Fhcl b, ol E
SAE I, A, T2 H3EE Al AE5S
2 ghghoh, o8 7 wae|el ¥4 eped
shol L4 WA B4 ol LUE HEEE
shgict. wih of Sl 4 daelFE Yasted
#el= e gk A% (shelling) 2Hd & A4 3Hod
t},

H, I 2@ FAAA gk FAY &=
£ =i ghyol djg vt £el=e FAR
Ne? 2sYs]o] gl 7| R0 o] WL iy
49 91*—% -2 uj=te] HAbg $A7E 0] kg
BdE vhE F olE $AAA £elog e A
o]}

Stroud®r= BU:LDoi]Ai ALER Fajze A ®
d gale Ry F2E A3l vk 2dg k%
A Eol 22 FH L 2 £A7) fle Selme o
ehz, ol 24 H -.—vll g 7 & 2z Wy
A71e AL AAgaiict HE 213 vl v

g) wPE 73A) wxiz|alsharp edged 2Nl FA
el YA 8A4FS Bee 5, Fosd v 4
4 aaEg A vhEe] Eoh 2 ‘4"' -"‘*31'5—94 2
Z"Zl’ﬁ"l #HE, 24 mde)e] 34, 2=z 7w
AlAkste] mde] 7]8tatA <l ’4“‘ & A4t
5‘1 %k-—i 2 gA e}, o] Wbl "“4‘*‘.—1 il
gk obgel §4 fe|eg P AL ohyd], uepi
ARV B2 2Ae|Fel FH P49 g
2] ohg o b E 1 AA A Eae Ayt A
gl WAS i, ol HH3] HA3) T4 £
gt

Lee2} Kwon™ -12| 2 Lim3} Leee) v}l malz)
= R FRE &P 29l A3 At =
Winged-edge data structures- ARR3cis A O{IH
Stroud®} F-Ashd, 017] A1 bl m o] SAE

= 4= mde Q4 Y E v 27 IR
"-}v Aol ch2ct wepr g o] Leic@
o) Ag AL NFYen I 715 Y

il



vtk el 4 715 B 3

v gz o] o] A F YRR et =3
Stroudo} el &ej= w3t A4elx =3t FAY
5% 3547 o i Aste $4de] wae] Wi A
2] ol & A Al skl

zefu} o]t el Eelse] HA FHS uig|
A g H4A7) 2 Gy 2l RE A &
22§ d& ghalelle B Al gick »IA ]
chokdl FA]l vtabg oid) AR FE2 FHPe
24 g4 22570 A WAl A HEE A
BE 7R AR G, o| 2 wv|gtel whd 2dd
7159 el oledge] B =i, fejmze W
g gve)Fe] BiteA dgdct

olgj3t FAME aNAsl7] sl o 4" v}
A Atg FEE AHER Hh mlleis) Sels 2
e e Aadsidck o7loxe] fele HY
e wx BE e 2] 2 Aol df
3o FA g mdES BAstR oL Bt
3 Aoz A ok, HE8Y HES AT
= g AHEEldch R A A<
ol & ko] A5 vt 2 A S 24
2] & et A3 FA& Abgskeich

g, ejolojxade] Aol B =EL ob
2id npr} gen, 71E S s 29
3 A ES Tl o] THY F= UL ol
oh &, 29 RYS Yot FE 33, 294
A2E solozHe) 7} 2Aele & F o)F &
A folo]xagle] FA medo] ThEe| A o]
o} 22 s wlefea)is ofojo] LAl 34}
o] 28 HAH F gle AL ohxm @A 299
g AP Ao AHEEE Aol ¥ 5 gl
c}. 3k wickels) mdde) FAle] A =EE ofF
135 uk7) elok

2. EXI9| a5 Foj

2.1 H|Cl2HA| o] 17 Fo|

£ ade] Ak plrledA ZAolH, old &t
HYg feHe) val2x fZel= FEA(Eucli-
dean cell complex)y £413t3ict. n3lgl el F
b Eoll A F3le] £AEL] Fje] ohge] Al 71
7Z] 2AL #FAY o, XE FFele £EAen
AR, 037129 n2Y) E A (n-cellys nx) HY
T{open sphere)®} F¢] 4K homeomorphic)! £"¢] ¥
¥ 3gez Aol ol & 7|33 A4 ndy
Al AHEEE A 2 A v ats) B, 0X)1]] X

H)(0-celly= ZEA] A (vertex), 13} EA(1-cellys &
e](edge), 23+ EA|(2-celly= T(face), 28|
3l A 3-cell= o3 A(region)oll 22t sEict.
x EA4 ef] AANR 2R AE e HFE(clo-
sure)2l L A2 {elelr 2LE QPG B =F
ol E'ef] EA3lE 45 WAtz 37| o Fo
334 f-Fele TERAF A o]E B3I
cl.

X=e, A={0, 1, 2,... n}
e A

[ed-erc{e, | dim(e,) <dim(e)} ueA, AcA
e ey=9, A+ e A, AeA

A s 2739 ool pAY TEAE 0314E
nA7AR) 9] frFel= E A (Buclidean cellyE2] 413
22 ojfo] Al Ao}, T =4 7 A
2 AL 28} e Ao TALE2H o] Fo
Al Fojet. Wl ojwg LB ME i) 33
glen, AA glol 948 e A 3452 2§
gla 912l o) AR 2L oW} 94 84K
72 mashr| gecte AE St}

3219 27he) & BE witjekd| mdlglqide
E-F(volume)?} slH]E]l(cavity) Ao 2 RJFr}.
25 40 93 A8A e FE, sivlEe
Hogle F7HE ERitl BE AR FFRAE o)
£ e} S (attribute) A HEF-of F F A=
12| 5 FAlH) £}

2.2 ZNQ| 8y Fo| U &AM

221 SAMle| Mo

33k EFE AR A= & wiviok EAE X2} 3}
m, XE ofe] wheko 2 Ae] g A7 3
< A4kl DR velgH {4 2ge) A9 X =
t}-g-32} et

Xo=X@r={p.|3peX, [ po-p | =r}
o7]14 ®td X7} vle] gledd, X, w3 FAgte] %
o}, 3 of o} FE’ A o A

XPr=UB*(p, r)
peX
ok, 9714 BYp, N ={p.| | pop | <r}elZ, ¢l p
E Ao uge] ral 75 Yehih F, 4 X,
£ HhAe] ral Fele 78 950, 2 72 £4HE
X 2 E HE disl] 3 Agke W £

¥HCAD CAM3S] =3 A3 413 19983 39



4 o] A

{b}

. @ ©
Fig. 1. Non-manifold offsetting operations (a) a simple
non-manifold object composed of a sheet and a
L-shaped solid (b} a positive offset (c) a ne-
gative offset.
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Classification Example

Condition Positive offset result

1. Single-vertex shell Always

Sphere

If two edges join smoothly (G' cont) ¢

2. Wire-edge vertex

In the case of an end vertex

Sphere {hemi)

Otherwise

Sphere (partial)

In the case of a singular point

Sphere {partial)

3. Single-vertex loop

AN\
Ay

Otherwise [
If two edges join smoothly ¢
4. Sharp-edge vertex Otherwise Sphere. (partial)
If smooth 1)
5. Inner vertex If concave [
Otherwise Sphere (partial)
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Fig. 5. Creating a spherical patch for a vertex offset.
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Table 2. Positive cdge offsets

Classification Example Condition Positive offset result
I. Wire cdge /\ Always Tubular surface
2. Sharp cdge Always Half tubular surface

For convex wedge

Partial tubular surface

3. Inner edge For concave wedge [+]
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Table 3. Positive face offsets

Positive offset

Example cesalt

Classification

1. Laminar facc Two offsct faces

2. Normal face One offset face
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