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Offset of STL Model Generated from Solid Model

Su Jin Kim*, Min Yang Yang"

ABSTRACT

This paper introduces and iltustrates the results of a new method for offsetting triangular mesh by moving all vertices

along the multiple normal vectors of a vertex. The multiple normal vectors of a vertex are set the same as the normal
vectors of the faces surrounding the vertex, while the two vectors with the smallest difference are joined repeatedly until
the difference is smaller than allowance. Offsetting with the multiple normal vectors of a vertex does not create a gap or
overlap at the smooth edges, thereby making the mesh size uniform and the computation time short. In addition, this
offsetting method is accurate at the sharp edges because the vertices are moved to the normal directions of faces and
joined by the blend surface. The method is also useful for rapid prototyping and tool path generation if the triangular
mesh is tessellated part of the solid models with curved surfaces and sharp edges. The suggested method and previous
methods are implemented on a PC using C++ and illustrated using an OpenGL library.
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f; = normal vector of a face

v; = multiple normal vectors of a vertex
w = weight factor

0 = offset allowance
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(a) Offsetting surfaces along face normal directions

Single vertex normal

(b) Offsetting vertices along the single
normaldirection of a vertex

Multiple normal vectors

Sharp Smooth

(c) Offsetting vertices along the multiple normal
directions of a vertex

Fig. 1 Offset methods of STL model
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(b) Sharp vertex has more than two normal vectors

(c) Multiple normal vectors of a STL model

Fig. 2 Multiple normal vectors of a vertex



Cget AU FEHA] M 202H A9E

AP &4 Az r A A9 S oA g,
t A 44 AEs w4y Auge 2

Eoll o3 A2yt 2ol Adkdr

@

A7l FA BRe IdFIFER FA LAAE
Aojst7) daE st A FHE 3EH=
thEHA wEe dWe g dE Alold AxE

Fig. 2 (F STLEDA 9 FugEoz AY
d 0% 94 AEHE BdFn Yed s W
ol A4 BAHE shtel WA AEA 23
31 =AU ZARNN A48 BARAE F

A eldel B HEs EAFE B 5 A
3.5TL z®e| g4

3.1 Bel g4

STL ZelA HEXHe thg ¥AH HeE AN
3 Hel BE HEAFS 9FHA 4y W=
SANADF o]Fs] WS FAUT §F FHlA
ARE BAAES 9 HA AHE 7HAA HY
olgldt EXHoR FAHHE EAMIG HAHAM=
S Foll FTrolut o] TSR et o F
A AL SAstEd A8F9E ALGE BXHe A

Fnol HYoR vtz A7 BHEE Omel
. 2w 3@ 244 AANA A4HE BAH
& Ag g4 A9 F A oFe 4H YEE
AAH olEd BAHRoR TAH BAUS FA
HolAE &4 Fol Frhold Aol BATY B
e ged 2AgE BAY $A% A 4
oz ASA Hn ARe AF oy 4y
Bol A AASA Dk,

3.2 2AElel Al
= WHe dAdsE 3 BAFE & B & &
AHE A HAFNE ojFs FAIMC Fig. 3 (a)

9]’ QO] Z}'Z‘]' H“?:l t\’:l]/}j E“}E'] V],zg}' V23 7]'1]{‘

2.

=

205

F BAPoz ofoln REHE BAIE T F

148 Zzte) g P BFor olFd FAT
. F He dAste EAEs 2 BEeE o
FHEZ §A4 Folx T "ol dAH o] ¥
=9 Hgrt "gasx &l Fig 3 )9 2ol 7z
s JAYE v, v, o 9d WA 9E vy, & 7
Ae F EAHOZ o|Foqz EAFE Sl o]F
o ZHA Az B 2o Fzho] wAdY o]
T A 8 2ok AA7e g dZE »avt
Atk Fig. 3 (c), (D&} 2ol 47 b5 HA 9 v,
v <t V3, A7 = A E F HARLR o] Fojzl =
Age FA9 8 BAHE SAH ¥ 2A
oA g F we] hix] A €k Fig. 3
(©% Zol EFE EAMIEE I AHoz 4
Zapg F7t8 A28, Fig 3 ()t 2o 2 5%
Mg FAHol TAnE Fehord "Wyt
Adtt 3 ALdolA HAAL AA}E A 0 A
A Zke] 28FHER 2 Y FFAR AR
A A A3

BE5stn 43 EAEA Este
AZsE A48 2 F uE AR FE
Fig. 3 ()% Z°] tF HAHEE vHEaA
AR s g ygs HAYE v, &
ANE) v, ¢ v, & WEHA o] A}

N

oH
=

e
NI e

Blend Sharp edge (Vsb V2, Ve, veZ) {
if (Error<Allowance)
Insert face (vsl’ Vs2, Ve, Ve2, edge Vsa Ve);

else {
v _ vxl +vs2
s12 =
’ vsl +v.t2|
v — vel +veZ
er2
Ivel +v22l

Blend sharp edge (Vg1 V12, Vels Ve12);
Blend sharp edge (Vq12, V52, Vei2, Ve2);
}
}

v, is the normal vector of a vertex at the start point
v, the normal vector of a vertex at the end point
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(b) The blend surface of three normal vectors
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(c) The blend surface fills the gap at the convex edge Blend sharp vertex (vector vy, vector v,, vector v3) {
if (Error<Allowance)
‘ Insert face (v, vz, v3, V);
¥ else {
) vV, +vV
\v i = |vI + v2|
1 2
N\ 2 v, = vV, +V,
v, + v,
(d) The overlap at the sharp concave edge vty
[l ey
3 |

Blend sharp vertex (vy, vy, Va1);
Blend sharp vertex (v,, Vo3, V12);

Blend sharp vertex (vs, Vs, ¥23);
Blend sharp vertex (vy3, Va3, V31);

}

v; is the multiple normal vector of a vertex

. v;;, the dividing vector of the normal vectors, v; , v;
(e) Blending mesh at sharp convex edge

Fig. 3 Offset edge using the multiple normal vectors of a
vertex
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(c) The blend surface fills a gap at the convex vertex

(b) Sharp edge and vertex offset

(d) Blending mesh at sharp convex vertex

Fig. 4 Offset vertex using the multiple normal vectors of (¢) STL model offset result
a vertex

Fig. 5 STL model offset using the multiple normal
vectors of a vertex
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(c) Offsetting vertices along the single normal
vectors of a vertex, 3.6mm error

(b) Offsetting surfaces along face normal vectors,
12,600 gaps
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(a) STL model and offset mesh of cylinder

(d) Offsetting vertices along the multiple normal
vectors of a vertex, 1,676 gaps

Fig. 6 Comparative examples of offset methods

Table 1 The comparison of offset methods

Face normal Vertex Multiple
normal normal
. O(n)+bO(n O(n O(n)+bO(s
Complexity ([0?375s] : [0.03 l)s] Eo.)094s] :
Number Increase Same Increase
of faces [48,842] [4,200] [13,923]
Number All edges No Sharp E.
of gaps [12,600] [0] [1,676]
Uniformity Poor Good Good
Precision Exact Poor Allowable
[Omm] [3.5mm] [0.lmm]
Tool path Good Poor Better

STL model with 4,200 faces, 0.1mm tolerance
n is the count of faces

b is the time complexity of blending

s is the count of sharp edges & vertices ( s<<n )
[ 1is the result of the example, shown in Fig. 6

(e) STL model, offset mesh, tool path and
simulation of injection mold

Fig. 7 The offset results of various triangular meshes
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