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Creation of Topological Information from STL
Using Triangle Based Geometric Modeling

Hee-Chang Chae*

ABSTRACT

Usually triangular patches are used to transfer geometric shape in Rapid Prototyping CAM system. STL,
a list of triangles, is de facto standard in RP industry. Because STL does not have topological information,
it can cause errornous results. So, STL should be verified before using. After adding support structures to
anchor the part to the platform and to prevent sagging or distortion, slicing and layer by layer manufactur~
ing process are done. But triangular patch is surface model and cannot provide sufficient information on
geometry in the above processes. So, geometric modeling is necessary in verifying STL, adding support
structures and slicing.

It is natural that triangle based modeling is the best when traingular patches are used as input. Consid-
ering support structures, solid and faces coexist in RP process. Therefore non-manifold modeler is required.
In this study, triangle based non-manifold geometric modeling is proposed for RP system consistent with
3TL input.

Key Words : STL, Rapid prototyping(32-414), Triangle based (423 719h),Geometric modeling(34=d3),
Topological information (8443 2)
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solid
facet normal 1.000000 -0.000000 0.000000
outer loop
vertex 50.000000 30.000000 30.000000
vertex 50.000000 20.000000 30.000000
vertex 50.000000 20.000000 0.000000
endloop
endfacet

endsolid

Fig.2 STL file

137

#A9 STL B9 CADA 2o 2HE #2Y X
2 AZE Addie 489%E s 9, & F2Y A&
dol A= ol AWl A NARE F/IRE &8
ol AFRHE AX Laser BAE FAIG 4¥ES IE
A Act

HEE 5 4 Frank $99 d7ol4 B%o]l )A 4
ek (Build-up direction)?] 24= 3, °ld wak A
A7t 2F & FolA AAUNE Frlstedof Frt.
239 A AANE A8 A Y= FLE go
u7Hg g AMgata sle #&% AR (SLA - Stere-
oLithographic Apparatus)elX& ¥F4de|t} 1 o] &
= elevator 9191 Q1E platformelA A3 JFFIH
AEE FES 323 AAERE A7l ARd &
4E 9E %% o}, overhang Hol e #&e] 9l
S o AANE AR ety ol 4%0] HA &
At dge] ARA =] wiolr},

AAdE Age] Bval A Aol7] e 4
oA #d A7 Az gre AT (IHoE nddY
7Fg) o2 wEY A7) TEE oA &atol .
A W-E S s of 3l7] W 731 H Rt B E
A Hd ARE AYEL A2 5 A N EAA
< H2% § Y& wetezA STLYH ol39 STLY
AF, AW R7], gdeld o] AHx 3344 ¥
Audzy S d43he Adovt. YFdo|Est F2 STLE
A At sjRje)7] B A4E S Rd#Ee] NEeL
2 A Aol AA2gth BF RPAA AR e
AA 7} heFA ol A v, TRl P E »UEE 5 3l
 AAY 3o1EY, £9= 2 590 EAjske A%
o] @}, meby kA B o] vl giel.

B A7 gukgel cAD #AdA Aestr) ¢
AGA T, Y A2 o] Fol7 STL AHGAAAY
B Fxy F ¢ o JEAAR - A AM STL 2
Z, AHEE € AR 571§ A A7 A4
3 7]dte] v|vhA) g9 welg F2E Attt
gt

2. ah2tgolet nictH Y2 Hlolg T

Paoluzzi %2 ¥7A3% 2N (winged edge) WS
Hie 28 4718 (winged triangle) S 71E22 7Y
Feract. 2y 4499 3 mAgel dFT AL e
71 EAR7E 242} 17)40]7] W&o thFA (2~mani-



ki

=

fold)Zdelth, =3 2Ad et 7ide] glE Rol
Aolth. AZF T €A STLH 2o AT Ao
et ARE 7HA 3 3R g 298 A4EE 7R
vk 2dE 2R AFHRE A7 99 d
ole] T&F FAM o} etz A7t At

AR E E35] Faceted B-repoiA] Aledle EZE
AAQ 8AEL UA, ®, mAY, wEA, 224 T
ojt}, o]8l 245 ojm WAoz X AAA 7135
HQl ARE AAQsta, Fo dojy FRIEE dag
A BE Qo] W1}7}t B-repd] 840},

BAEE 1Yo AT 04U FAH A 231491
Atold] AX 8] W&o ZseAe] FEA g ER
Fo|t}, webr B4 BAR7E FARdYME B
Agd] He) 984 4 94" EAE = A B9
A% 4 FEE TPNF|a 9ot EAg 448 =Y
oA ¢} Ze] A+g7)t medoj} M TAE] e B
43 84E goe AL vFAsA gt

QAR F) A 53 Mantyla®e] ¥Rz Rde
ASolME 34 109 BAE ) 2719 wRA e} gle
B olE 7} $tEA e o]d HFEHe Hol g FRE
7HA FoZA, AP Hel| I FEE AAE & ¢l
A @k E ddMe EE W Aoz FEsa
BAgel 27] o] He] igste HvtgA] 2de]]
W] BEAEE FHo2 4A4EE WANLE A%A
A W aFd] BT FEE AR EAY A4
2drhe g9 A Adx dor Weiler®s] WAt
2 2R Ada S FeE 2 5 Yo Fig. 32

il
g

veriex_4

o triangle_2
outward normal vector / " half_edpe 2
half_edge_1 -T—O @ et

half_sdge 3

triangle_1
angle._ triangle 3

|

Fig. 3 Relationships between basic topological enti
ties around edge

138

£ 4PN AL 344 719 2R 27 38
o }z¥o] WAooz A 3E Ag B Fu it

Fig. 4= & A7 Agste 423 719k v eheks)
zdge dojeFxE e Folt}, o|de A7 &
Hetsle] mAEel MEAMEE Frlste] 449 94
ARE el HE 1S09A ARz e
STEP Z&e 8% 2459 el EXPRESS-
G nE Z+E 718184 A (entity) Alele] RBF
& Ed3 Aolvt. EXPRESS ¥+ EXPRESS-GE ¥
olele] FZo HHe BFE VEY ¥ T IAY o
7h ohl7) g AR C++2 TR sgt.

71848 QT2 FAA 71 Aol ARd= 2L
bodyel® shte] &= B: THdAAAF 2 4 Sl
shell® 94d HER 74E 2L T3 1749 &9
E7F 1709] shellZ o] Ro]d F= gla, o Hlo] Q=
&g 29| AS- 271 ©1439] shellz +ddH

facedl = W AP ez PEsd Hd B4
FAll At triangledl= 3709} AR 39 B
Mg A gt

edgedle 27019 vertexst ofd] 9Hs= A
half edge A 2EE 7127+ XAHE AFgo}
half edgedl= S B2A 7} &3 4494 WE 7}
2y)e ¥AHE AFASRD. olvf half edgese =42
g 7|Eos YA B 42 AZED F s

Fig. 4 Data structure of proposed triangle based modeling



gAY FEE A A4 A2E (1997 240)

AqEe Wy wekg d(+)o2 3o vUnA] 47
Y59 452 793 degog A3tk w3 wA
& 5 59 HHA 44y $EA e BE
A M2 E FHo] ThiA 7= 4RA2 2 v
o] A5t} (edge_type).

EZZAE 83 7|gr] dHME EXNE FH9
W9 BAgd td ARE A4 e} o, o=
CADZAIA M AHE-3l7] 98 dat#Q 2l o
8, JAFAL 2 AAY ¥4 9 @ mdy Fg
o] 75 RPAM & Edasit)

3. A4t vt 2EE 9 75

3.1 STLY = % dlo|e] xofl2 XE

CADelA Ald-dhs R dAde LU 4L TEAT
£ 24y dAAE AYste dole F2E A Wt
2 PPN HAFHeR dojd 447t 2
HA2 FeE mdydan vk oAy A5
Baumgarte] 2}3] =2 Euler-Poincare® 3 ¥|chek
A 2% Yamaguchi®®, Masuda®] 2j& =48 A
o] Jltt. RE o4 A= o dazzp EAE o
E 0|48t undodg € ¢4 & v, 28U 24
A8 Bl o 2o, 4P| BdoME RE B
47 operation®] 4Z+8<] i) 9l o] Fe] At
BAEe FX(loop)E oW A AAFPezr st
o Ao Aol FFFUE AFH Flolth, wEA
W o 7ix] e R A4Y 8T ¢ JenE A
3 F4E 2 Do) 37l old g e
2 &3 7bsdttH(Delaunay A44% 8ol 744+
Wiolgln AW oAz &4 K98 F7) dojAA
e,

Fig. bt o =ddAe 298 d4a4 MEV 2
KEV®st 2243 715 welofjA o] A-gsle Bddg A
W2 HIE Foldt. A4d Mk nd o= A E
o] F71Ev TA 2 9 E¥Em o 9 A}
A A4 A get 9 9 deste 9t
FYo7] HM e BE B ZAEE AASL d £
& winAMEe] oty A4y BEL AL
€ 4 5l stk

£ 2dee F 9% g4 CADAA 4 STLol™,
Fig. 2914 E= wheh 2o] BN E 3 Zx3Po] HH
g 94L& a3 22 d8e AX 448 ARE Ho

139

Fig. 5 Euler operator in the 2-manifold model and equivalent
operation in the triangle based model
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Fig. 8 Finding intersection line and splitting the triangle
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