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Reverse Engineering of 3D Compound Shapes using Delaunay Triangulation
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ABSTRACT

The objective of this research is to develop an efficient reverse engineering method of 3-dimensional compound
surfaces for raped prototyping process. As a first step, several image processing techniques were applied to the measured
data obtained using laser scanner. And the boundary information of the compound surface were extracted to divide the
surface into several separate regions. As a next step, the Delaunay triangulation method were applied to reconstruct the
surface based on the measured data and the boundary information. Finally, the STL file were created for the rapid
prototyping process. Required simulations and experiments were performed and the results were analyzed to show the
effectiveness of the proposed methods.
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Fig. 2 Boundary error
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Fig. 3 3D plot of initially scanned points

Fig. 4 3D plot of scanned points after applying the
Laplacian operator
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Fig. 5 Detected boundaries of the compound surfaces
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Fig. 6 Obtained boundaries after thinning algorithm
application

221 siMH Sol A
214, 4, BgEs 23 RE MY I
Y33 M(conic section curve)?] FEIE FAE 4
Rom vhg3 ZE Ayt FHE ol
AX +2Bxy+Cy +2Dx+2Ey+F=0 (1)
A9 HHE FAHE 4FFHS AFy =
Ao wEtA d, B, A4 & vehde, A

3] invariant 3
Zter 229 ZAREES xy BHEA
549 @g 7MY idHA FEE (x,,y;) 2
3, o] #e A(DE FolAE dFFHE ¥4
3Rl B7] WEel o] W A e & Y
Zt
e, =Ax +2Bxy; +Cy” +2Dx +2Ey +F (2)
wztA, AAE o|F1 Ax He 7t n A
W HA A HE8E A48 AA eaes ST
Fig=3

(rotation)@} ¥ F(translation)®l]

= [e]
54&

ER:iei2 (3)
i=1

b, 9ol Ag Haz e ASE ol
N ol Ax A+WL Agsd AP
Foj T o AFIAY 4E 7 5 9
o

JER
—==0 4
A @

g7l A A= ANy AlF AB, .., FE Z
z} vEhdie, ZAE 43346 ot grol et
21A gk Fo4W AARZEE 45349 dH2
ZAFEE F tA] o] FolR dlo[E| ¢} v W}
dA% LAEAE B HE o0& 4554
I vastE BAS H53Y AAFEE AL
Fon, gkl Ae Wol AMRHE AMFH J

1=
L.



AR ;D

Aol

o

4, B4, Adg gdes gt

2.2.2 B-Spline curve 314 22| &
B-spline 3419 AAHES HA Hole| 2 RE
A3L7] M s N5, degree, FHEIGES

AWz AR kE order, m+)7NE] 2AHL AR
3 74 AAFE o9 Wy u & e F4
el 4 Qo
n
szc(up)z zpi Nik(up) (5)

1=0

o7l A, wiNAFFuwE T3 WHLE 52
Al AFAAE 13td dutxoz Aol
Alole] AZE 71Fo2 ¥ 37FA] WH( equally
spaced, chord length, centripetal method)¢] A}-&¥t}.
216,73 Z-& chord length B2 AMg-3lo] uf7)9
FE T EEe gutyoes 299 #
o] 7%t}

n
d= > 1Q,-Qul uw=0, u,=1()

p=1
| Q,-Q,.|
up=up,1£“TQ"""p=l, ..... ,n-1 ()
W=..=0,=0 u,=.=u =1 (8)
| kel
U= ZW j=lL.,nk ©

1=j

9 Hol ostel shetelebazt Ezke] B
9% o o3l T 2ol AH g E
Fate WwAAS PyF gz Zdol e,
of WAL JAAL olgad Aojue TS
Qe

*eNulWe IFp] [Q
oo N (u)e Pr|_ Q (10)
oo N (u) e * *
oo N (u)e P, Q

od
d337) AHdtde HEd o
Holl 23t AP AAdCEHE 7|EoE 2
Mol Zzhe] ZBAFE] WH-ol EAsteA
o EAFEAE BYdAL B, o) &
o] scan line algorithm®& AF2-313t} Fig.7 of
AT A A 83 scan line algorithm ¢ HE &
Wt 539 SAEE 24 xy BHeE £y
st gwdstuAste SAES 71HeE x9 &
o Wgow gAMS MHAsa, o] gAML 3
e FAdelE oo wye FE Ao nPd F
7 E2 HFel sAXsta e Aoz s
i, Bgold R A&t Je FAoE wd
ted 859 SAFS d9EE £88 5

o

U N R
e ok rr ox

e

O

Out of a boundary
Fig. 7 Scan line algorithm

Fo] E&d
7] Astel 42y
QFoNE 247
79 ZRAL 229 xy BA G2
Delaunay 4}Zt3l 719 & o83t Azbawts A
Attt 398 A4 AAAHA HAHL Table 1 7
Zrh

e

o ok

Table 1 Surface construction procedure using

Delaunay triangulation method
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Fig. 8 Triangulation data structure
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Fig. 12 Delaunay triangulation after using min-max
distance criterion of Fig.11
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Fig. 13 Measuring process using laser scanner



Fig. 14 Initial triangulation of measurement points

Fig. 15 Triangulation after using proposed method

a) initial model
Fig. 16 Error map of half sphere

b) last model

Table 2 System specifications

Scale Resolution 0.00004"/0.001 mm

X axis=0.0127mm bandwidth
Y axis=0.0127mm bandwidth

Linear Accuracy
Z axi1s=0.0127mm bandwidth

Volumetric 3D = 0.0304mm bandwidth

Accuracy

Repeatability 1 0.00015"/+ 0.00381mm
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