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System Developement
for STL Error Correction and Shape Modification

Hee-Chang Chae’

ABSTRACT

STL has several errors such as orientation error, hole error, and acute triangle error on being translated
from CAD software. These errors should be corrected before using in Rapid Prototyping. So the software is
necessary to correct errors. In this study, STL Editor which is a system for STL error correction and shape
modification is developed and contains following characteristics. 1.Apply the triangle based data structure.
2.Use the graphic user interface for easy work. 3.Use the Diet method to reduce data size. 4.Use the
Delaunay triangulation method to enhance the quality of STL. 5.Modify the STL errors manually.

Key Words : STL, Rapid Prototyping(314A] &), STL error(STL 2 ), STL Editor, Graphic User Interface,
Triangle based data structure(3t2t& 714 dlo]€] %), Delaunay triangulation(Delaunay~}z}t &

%)

1. A2 23 A7) (translator)E A Y3t gE Aot}
STL Edlog @ay dojg: 349 =4
a4 A ZH(Rapid  Prototyping)®]  3hv+ql  SLA 7] 9% A =AHE} WA WS A3 ok

(StereoLithogrphy Apparatus)@ %= STL E£RE ¢ gy, BMEEF XM FE, We o
d4to R ALEFTL STL EUle @A RPO) o FE, o7 HAFE T Fo we 0FE
olt] YHFPHow 3xPer wdY g CAD U XA fek ool wel /g #HEea 7HAlS
olE]E A@e] A7tE 99 facetO T TANS A stede A7t #de] 2dgEa ok ool
70 Roltf STL EHozeol dolg w3 7 F. Tanaka? o] STLHUNA F 742 27 =, 4
F @e oRE Tostm YA ogde & 49 #HA Alolo] facetrlolEl7t Wil A S}
o] ex el A& solm  om, shte] Eajglo] 270 o] faceto] FEH ] d&
AutoCAD, Pro/Engineer, CATIA, I-DEASE ¥} 22 A9l el A vlolElE 22k PR FIF3)
7}E A8 CADAZEYo]So] STL ¥HEHS i1, o] & Delaunay 2% 8% 7|22 & #4244
+ dA%dgm AAFgy

53



A3 %

sy Fats]A] Aled M3E

2 A g Alqketdth M. M. Woznylg-& 7]

o] STL 8] HAHE A Hstn FH, ZA,
wel el glaEE  7}E RPI(Rensselaser

derateict 2}, gy-B

REow Asa 3
o]

polytechnic Institute) &
o] RPAA o] STLERE

ol
S 8o BA7F 9 i RPIAFA| L STL £7L 914
dlolrl @ Abgaa 2] WEel 957} sl e
& sTLwtel S iAo 39tk A, Dolenc'5 &

RP A ~¥1L 18 INSTANTCAMO| @& A3 E 9))o]
2 Ashda] 719 CADHo Bl A] STLE WO

zo] wgle] AL nEAUA] Kaly] wEo
IGES¥ 2l & olojo]sagd K wlo] VDAFSEM O &
HEsta, o] & W iy o] STLEWo R W
AHdzt2 A otetglt). Bloo B STL T o] ®
Aule], HHde] #Aix T o] BHAA FE
¥ Az QoA L A7z Aa 9del e A
H7E g7t wiitel 8= R E 4 w7 jle ©
ol dvhar A s, o] 94 FR¥ET o}y
o, Ao dA ¢ Fr)d gE2s ARE da

[« RN

SAi> STEP(STandard for Exchange of Product data)
Application Protocol AP2042] W& =22 B-Rep
gde] ok STL A& Aetsialct.

AA STLEY W% 9 o7 AFE§o2 485
AxEAE ©33 @t} Brockwarei= IGES
B STL ¥uioz WaA e wasey Ass
el ko] Aoy, zte el Setolu} facet
Atele] 3 #E 2H7HE #3888 F e 540
21Tl Imageware®] RP module(RPM)S RPZE
HE 44, B, FEY 5 A BE A
XTH w2 DeskArtes®] Rapid Toolst IGES *
VDAFSX 2 ©] %’4”9‘ HArstel olzel A
w g os R,
LxEgelEe w3

49 ol f 2 ls) Wb wohsa

E‘(:

[paan

Dk

ot A st ule} o] RPo 97 Ay
Y CADE LS STL ¥ o7 WHEsti, RPA
o] §lgs }04 HEe o8 =HES IA
2}, STL ¥wW& ALg3
&9 2}

A3 o) EV

o
1146:]9

o

O
b
ol
e

3

o2ty
L oox
=2
of md
0%t
o
iy
£+
o]
g
[e]
L
it

8
N
f

4(
P
ofy
J
ol
s
e
to
bl

]
4 &

£ Rpej gz

rE
rigt
>
=
o
=)
=
o
Ol
o
)
o

)
olr
2L
)
2
=2
fa
r [+
Ol
25
=
4
o
=
O
e
A=A
o

54

o},

X F7A 2] AFGolt AMLEG ]SS STLY)
A& olgstd AFHA HFoW FHE & F
agziu} a8y STL ERE AFos AT 4

T HetH e A7 #AE F don ¥
o7 Ayshz Aol migAstth. wes B o=

N STL EWE AFdos #AFstn 247t

L}E} = TTE §]’ )bl'oﬂ CA]°]'7] ‘r]ﬁﬂ GUIE
Hgsta 7EY LFFA LZEg oM AT

stel % 93

s

2 FAol s AL AFE
o] 7bsst AL EHAE JEsH
2. &H2H Tl gA oAy
2.1 M 7I“* H|chobx] =P ol oolg

T=

RPE o] 83 dste
o JlEss YgEdolE= F= STLHU=R
Z}3 o) X(triangular patch)©] 7] wliEo 44 ¥ &
gdgel 7| aaz At L3 RPAA A
st sk YAV kAol A RE, ThepAel 2
Hog wdygd 4 gy AUt Frbed &g
2 o] EAHE Ado] Hr webA Hh
GFA mdol npghA s}

B Ao e STLoY Y HE, Ak A4
el 71 T Aol A¥F Az 7wk n
ChekA] mdg o "ol Y& A&t

Fig.| 2 ¥ doA Atstes 4H24E 7uk w
Tt wdee] dHolg g YERH ol
Mol QFBERE STL ZTRA shell, faceS 2t

s el @ 9, R
A, 4

(M2

2

21
Astd L, faceZt 7FXz de HEy WA
triangle - -‘?‘—0]]1\1 Agstes st AAHl g

e AN

olH FxE AZE 7|ukolAIRh vertexF
2 7= 9t

triangleoll & 3709 HA M 3709 2AE], g
a1o3d HAHASE AZIT edgedlw 2709
vertex®} ©jo] 213 = triangledl half edged] 2 E
g 7hel7le EQIE, 223 bodyE ZhEVlE X
OBl E A3t} half edgedll= a9 wrRA 7}
triangle S 7}El71e EQIEHE  AAIT.
triangle™ edge’} Z+7} vertex® 7}R|1 glovg
vertext™ 8|8kl Attt WA, [128,128,128]
o] 3+ BE cellg& WL S celloll vertex &

NS = R

.
%35k



A AXZLFHAR 6B 3%

wdge v body S{0:7 adjoining body A}128:128.128:128.128:128] KO} \;} 03 2}4:} li)% i’} g 7 @! {5],0:} 241 xo}- ?:S}E}«

body P—- lvenechellb—l vtable 1

triangle_in_body
5107

e o i

vertex_in_verfex_cell 2 o box
$10:7}

vertex_in_triangle

triangle cell

eSSl

128

edge_in_triangle
Af3:3!

coordinate
A[3:3 128

128
Array[128,128,128]

vertex_in_edge A[2:2}

half_edge_in_edge|
Lo edge_in_vertex S{(:?}

adjoining_triangle half cdge angle REAL I Fig. 2 Shape of vertex_cell array

Fig. 1 Data structure of proposed triangle based modeling

(3) Azl A%
Ashal of cell & vertex tables A st A eEel AYA FHE Ak, g
Z L

s, e HHAHS e F, w2A4T, 9 D*WJE 3
WA FES AAbgn

2.2 STLe 9= 2 dlojgl *xofe] XE
B e A BN HEE de & Os 23 B2EMalel 27 8

2l 3}149. A dolH Tzol 4 Asic) Fig.33h Zo] xAgld: BHTY o714 real
() B4 gae) N aux<s A BAjgl oy, orientation,
J—? o A mH Hpe A7 wqge] o non-manifold, overlap, hole ®lA4el R/t <

Ae)nsd eyl 8 §FAokranceyd Hg - SAEE STL Rl Ax L gE oF A

& Faelel BAH s YA4HL wojy P By % 2] A5t £ A9 STL
Zoll F7hstAl gdar, 713 HAHeg At

A vertex® EHGE box® WEL, 128% @ _oee O —ger— —ooo—
12812872 cellz Wi £, ZF celldd vertex® normal real normal aux orientation
Aagich o] uf, A2 F7iskE vertex® LA 9]

5% cell® AHF cello] &8 vertexslel AzlE @ peo— (@ 3 M __ze
Axtsl g8 dL-evt oebs, A4 vertexdt 2

7} Ade) AAetE A4S Al AR onh) non-manifold overlap hole
Aef wha) WA @ EgEL] £7 £33 F A

o celiel 5% vertextzol 7] d g Yol 4 27 R

AL omes dE AnE 324 29 ¢ 3 from body A ~—~—® @ from body A

A A ckFig2). ?:"“’"‘ oy 8

(2) 2 e A% intersect, aux

24eig AAY g 59 B2y EAE &
¢ A FEE EMEt (s g o) o, B % ® * half edge direction to the paper
e Dﬂﬁﬂ X3 @}\}3}% K 0(“2)/‘1 Z_l‘ol (® : haf edge direction from the paper
el #d BAHE FE F 2 B A Fig. 3 Edge type classification

35



3. ALRA 2™ elejmolA(GUI) el P

30 e MH
(1) ;311/] }d 7}

& ﬁ?"ﬂ"ii 23 Ay H ol 7]Fo] U
x2adE sty sz we AHF deolEe
el R L e B R = P R ) R =
ol A4g 8l FF 258 Aol
Holdh FdA et aga 7HE7]50] Ue
Video Graphics Board& Al&3lc Al&gE M
st el ghgsith gty o8 wEA717] 9
&l Pentium[ 266 MHzE )8}, OpenGL 7}&
7150l Hold el ®WE=<l FireGL30008 AH§
st o™ 0S¥ WindowsNTE AH&3Sic).

(2) OpenGL9] A&

STLE & fete}l o wAsta vl9-28
olgste] HYT 4 Ay FAS FFHE, o
B S 94T o8 sk« HW AHE s
Borland C++ Builder® A}g3le]  <lE|#ojx
(interface)d A A5}, Graphic library$! Microsoft
OpenGLE A}&3 shading, back face cullings 2|
sPAEA A A HelE gt

:Gi__,

4. STL Ed itore] F27|&

lﬂ

2 AT A STL Editorel 78 &4
71'ge o2y #o}h STL TS i EAS
7] 3 viewing”7l 53 LFFAS 98 #Hy £
2 STL 9ol g FRES 3 AT
W 71Ee] A4 CADS FAMEE &4 sl STL

RS AP 7 A%F Ak

i

29,
ofp
o dr St 30
M &

AP + A=F sk £ 48 CADAEE
Aol CATIAY 718= Y vhei 2238 FE
slo] 71R =8 o] &3 zooming”]E, THEAE <]
&3 rotation @ FE & 71¥& Eghstn gl
ES #=3 ABE T query select”] s 24F
3lHo] FAISHA FE® 7] Ys] Noshow/show
NE& F718drh.

4.2 Topo logy informat ion

STLoHYl Wi 4% ARE FAFozd 3
H FAAoR 3T F AEF 5

STLH Yo} A 424, HAH, &89 W+
g ¥ =3 7 = W shelto] 7N,
4tZY, sharp triangle, EA12], orientation error X
A2, overlapped error X.A12], hole error %A1,
nod-manifold error2A 219 7|go] i3 AR E X
Wkia=3

43 HES(Edit tools)

(1) Intersect two triangles & solids

T AR Ate], 7 £EE Atolo] wARIAS

fil] Fid=g

(2) Break edges, break edge by vertex, break edge
at center

TX8] 4339 break, nearest vertexol] <3
break, A4 2] FA oA break 75 & #A}F3c},

(3) Break triangle at vertex & at center

BRI A Y dd, Ay FAlA
o] Adr]5& AFsch

(4) Move vertex

3 BRHLE o]LslE HEAHOE o]FEAY =
158 F HZAHE FHOR olEgAE J%,
7t 3 9] intersect point®2 ©]FA| 7= oz

Tt

(5) Extend edge

EAE Auzre dda mAEE 47gae
intersect point= AFA 7= 71FE £33}

(6) Swap orientation

el was vt

(7) Optimize triangulation

Delaunay 42+8 291 /d& o] &3l o
£ohe A4E 202 AFE s TS ddA)
da Z HAEe] Ha 4& vud & gaas

56



A3 g LA Ai6d A3z

#AAskA ok

(8) Diet a Solid thru Append real edge

STL ¥we] wg 74 F EdasA Has
A BAHE AAskE vlseld. HAHe] AAe
FoAAASR UNE, sids S48 F4
BT Qe 49, 2R EAHY 90
duael  Ade Agolth o] Jes& ARgFRol
A STL 2R A71E diF 22 71 Atk A
A Eeleok Ay HEHE & JEE VS S
T3t

(9) Erase tools

22, 428, shell, connected triangles(solid),
dangling triangles& 2HAl& 5 Ut

(10) Boolean set operation

Union, Subtract, Intersection®} 7]%5& 7FAi ¢

-

o
(11) Fill hole

7ol rarslolzl B

o

AgE Asolnt

4.4 31 83 xH(To lerance)

FAE Hgste] STL THE AFHstes Ao
A oFa olule BXHI ad 4HEE dolH
o] 2o F718tA g3 7|Ee BAHOE oA
gozd g8 =F dolee AV E AAAE
REE P

7 2] (distance)$} 7z} (angle degree)oll th3dt ¥ =}
2 FEIA

5. 254N AAHe HE of

Figdt ¥ d7A %3 STL Editore] HA|
3He YeEn Utk STL ERE FAS:E 2
Y 23 Wy A, AAA Foz FAHY Ut
% #2944 M (topology information) FA7]
5, B E(edit tools), MHRE 24, A2ty A
B, tolerance$ ) 7152 FAE] ow, A
2 FolE query selection ¥E, NoShow/Show H
59 7158 Tt Yt
B =RoA f848 937l fE AMgE
5de cam shafte]th o] EE@L& Table 19]4%}
Zo] P Fo wtdH LFE Xt Aot
Table 12 ¥ZHA Y FHF] 27/ AFE v
stz ot

rim

Fig. 4 Full screen of STL Editor

Table 2v YA original 23 JEA
toleranceS 4 &% 3%, Diet® &3 $9 42
el 48 47 vlud Aojrh

Table 1 Comparison of no. of errors

Original model | Modified model
Orient error 0 0
Overlap error 0 0
Hole error 595 0
Non-manifold
7 0
error
no. of triangle 66976 17623

Fig.st @7t2& 242489 279 A3 A
g Jeldd, 918 =3 tolerance® A &3 A A
g & Utk

Fig.6% Fig.7 STL Editor®] move vertex”]5&
UeRd Aojo

Fig82 X2 O &z 4z4F Al
intersection® A 837] HAolx Figys HEH F
2] intersection lines YEF 3 Yt}

Fig.102 Fig92l #AolA A3 intersection
linee 2 E8e] Al#s] F &2 Alolol intersection

57



Ao SRYLDFEE A A16d A3z

4 488 a9l

Table 2 Comparison of no. of triangle

for each case

No. of triangle

Original model 66976
0.001 66495

Appl
PPy 0.005 66047

tolerance

0.01 64007
Apply Diet 17623

Figl1%  Fig12&  =Ago] sl local
optimization& *-&3t7] d# £& vepdla Qlrh
ARG W+ AAdHoE AAYE
o] HAZHS wwE] A
2 £z ths} optimizationd-
Fig.14& A &3k $9o] 1gojr}.

Fig.15% Diet® 34317 @9 Ae& vehy
™, Fig.16< DietE 483 %9 LEHE- vHepd )

g e) 71 gol EoE AL 4 5 ddh

Fig.172 713 0%% 71 A
o™ Fig 18 +9 2 *
= SR a9,

Fig.19%= cam shaft’d ol Sl+= cap F-%
T gler, o8 A9 2EE o FE xIsis
Hiolt) ofF$ Moz FAE RELS capi o
dxo] A 4L Woln, cape cam shaftet HE
3t @ ar gt cape] s Wo]l FFHo] hole
erorg P43 ) Fig. 208 capd YW
cap Atololl wxAALS FPe Rolt} Fig. 21
B3 o¥ Az}E 8 AbAs}3 orientation error
& FAF Aolth Fig. 22 cap? cam shaft A}o]
of WAFHAS -’,‘—3,} % YEld  non-manifold
errors XAIS] FiL Uch cap o ofR W A}z
d FReor ‘%E}‘_ ZAgEo] errorg 7HA 1 3
EAEEolth Fig. 232 $£4¢] By capd 3
o)t

0>~

of rr

Fig. 5 Sharp triangle can be
removed by applying

tolerance

Fig. 6 Before moving Fig. 7 After moving

vertices vertices

Fig. 8 Before intersection Fig. 9 After intersection

between two between two

triangles triangles



A dxFLFEEA Aled AT

Fig. 10 After intersection
between two solids

Fig. 17 Before modifying Fig. 18 After modifying

hole error hole error

Fig. 11 Before optimizing Fig. 12 Afier optimizing

for an edge for an edge

Fig. 19 Before modifying Fig. 20 After intersect

complex error between front
_ ] containing facets and
Fig. 13 Before optimizing Fig. 14 After optimizing orientation error, cap part.
solid solid
hole error, and
unnecessary
facets.

59



Az - FEFAYTHA Ated A%

Fig. 21 After erase Fig. 22 Non-manifold

unnecessary facets error of cap part
and swap

orientation

Fig. 23 After modifying

complex error

6. 38

STL =92 Azae A Fde Axme HA
HEIgro 2 A o, wEld B AR A
AZE ke Holy  TxRE &%,
Windows& 4ol AgslEs GUIE o] &3l STL
¥HE FAY 4 9IF STL EditorE 7Asic).

B Ao AEsk AxE Y ERE TS
T}

(1) @yl olulx] olo] Z(image icon)S A|F 3}
o AMRALE SlolE Yile FAYE HAHoE H
o8 & dA RHen, tgsta AE3y) Hes
HH 8L A3 53 2 dFoAME STL 3
o] 7Hd F de dHES I 2y &F
< 531 AlEREC] AdHoz HA olFstn

Aggt. STL #d-& vhH
~ : e ThE Zhxa 9,
9ol thE AAFHEE X A g e
vbo B Aol Al kg 2 e STL WS
Hole] wojao] st AHANA AR E
Yojsle] &ElT il A7E wX o did 94d
HE shusdedA A 5 A s

(3) STL £%¢] 27 R F4& AAHex &
#H3a}7] 9sle 48 AZEQo]A AMEEE 1
2= ¥ ¥ o] ~(Graphic interface)E A 33} F,
WMIHXYZ, XZ, YZ, XY)S H(view)Z A5,
rotation, panning, zoomingol T3k mh$-= 2 FH
E ZEES AT

@ AR &Y== o)Fojr STL XU
B A &g AN ZAE] 93
Noshow/ Show 7]%& A3t

(5) STL 299 49 #A F dolHe ar|&
Z0]7] A3t toleranceE &3} tolerance®] Ll
o] BAHEL o] dlojg wjojxro] vt X
Agoz A3t

(6) Diet7| & A83t] B HES 24
3t 2 Ao Delaunay EIEL L3l
STL ¥9¥¢] A& FFAR

v

e

EHUZE

1. Rapid Prototyping Report, CAD/CAM Publishing,

Inc., pp.4~6, January 1992.

M3k, ZREE, "REMEC BT 5 EEE

& Z ORI, BolE KM AT LRy

7 L, pp. 39~45, 1994.

3. M. M. Wozny, "Data Driven Solid Freeform
Fabrication,” IFIP Transactions B-3: Human
Aspects in Computer Integrated Manufacturing,
pp. 71~82, 1992.

4. A. Dolenc, . Mikeld, R. Hovtun, "Better
Software for Rapid Prototyping with
INSTANTCAM," IFIP Transactions B-3: Human
Aspects in Computer Integrated Manufacturing,
pp. 449~456, 1992.

5. Bloor,M.S., Brown,J.,Dolenc,A.,Owen,]. Steger, W,

i



A8 % . @FYLFEIA Hl6d A%

"Data Exchange for Rapid Prototyping,” Rapid
Prototyping Journal Voli.1,No.1, 1995.
Imageware's Rapid Prototyping Module(RPM),
http://boojum.iware.com/htmls/pro_desc.html

. DeskArtes Rapid Tools, http://www.sgi.com
/Products/appsdirectory.dir/ Applications
/Mechanical_CAD/Applicat-ionNumber6181.html]

. AE A, "STLAl HRARE FAqst7l AT 4
2ty 7wt PARdE, I LA A
1498 A 23, 1997.

. Joseph O'rourke, "Computational Geometry in C,"
pp. 175~177. 1994

61



