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Conversion of the range data into the CAD format
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ABSTRACT

In this paper, a multi-stage algorithm to convert the range data of a real object into the CAD format is presented. In our
approach. after segmenting the range image, each segmented area and its boundary are modeled as a free-form surface and a free-
form curve, respectively. Since the main error in surface modeling is due to the step edge, which occurs between the object and the
background, a new technique to exclude the step edge in surface modeling is proposed in this paper. Each segmented area of an
arbitrary boundary is expanded to a rectangular image conserving the continuity of the range data, and the approximated surface is

trimmed to separate only the pixels on the object surtace using the boundary information. With this expansion of a semgented area
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and trimming of the approximated surface, we reduce the approximation error significantly. Finally, the modeled suface and curve

are represented as a trimmed surface, which is one of the entities of IGES(Initial Graphics Exchange Specification) format. In

compufer simulation of real range data, by employing a CAD program of IGES exchange utility, it is confirmed that the IGES file

obtained by the proposed algorithm is the CAD format of the object. We present and discuss various simulation results.
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Fig. 6. Comparison of the extension methods of the segmented image(Region 1 of House and region 2 of

Cylinder)

(a) Separated region 1(House) and region 2(Cylinder) (b) Approximation result of Naik's method
(¢) Approximation error of Naik’'s method (d) Approximation result of the proposed method

(e) Approximation error of the proposed method
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MY ez FFE BY 99€ MxN M9 patchz
FE3ng, Fo7 D AN #%, $3 PPz =
2t M. N %3 gdd 4oz ojgg TUG) .
TV( )& Aatdet. Ag 4949 x y HEE viApds
2 sgleng, Z(u v)d WE AF az(i j), ...
sz (i, j) o& &3 "tk & patchgE 3, 3

¥ 2. IGES #¥¢] A¥dle= 718183 entity
Table 2. Geometric entities of IGES

Type No. Entity Type Type No. Entity Type
100 Circular arc 122 Tabulated cylinder
102 Composite curve 124 Xformation matrix
104 Conic arc 125 Flash
106 Copious data 126 Rational B-spline curve
108 Plane line 128 Rational B-spline surface
110 Line 130 Offset curve
112 Parametric spline curve 140 Offset surface
114 Parametric spline surface 141 Boundary
116 Point 142 Curve on a parametric surface
118 Ruled surface 143 Bounded surface
120 Surface of revolution 144 Trimmed parametric surface
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wekog 3 FE3N 12 3 FRAEYN BHE T 16 Alete® 7 trimmed surface® =ob dde Ay
Mol & 24 (6)ol tilated 169 13 JAFLH A& d4ol 2§ EAE IGES d4 oz el e},

EAdch. A21M YEAHE o Be] Fel HaxsyHeR
A4S 2R8E patch WHAAMY AL A8 Y &
= AT patch H AANAM EAHZo] Hug 7
patchelA L&A E 16 A2 ok

dde] AAE ol Fe HIALE WA curve on a
parametric surface(Type 142)2 X Ha Aot
Curve on a parametric surfacesx Foiz ZH&
parameterized surfaceo] @&A7)a 1 e 914
StEE Fv}. Parameterized surfaced A4 &
Stu, v), I 7SS D D 4olA FHod 234
a4g Bls)gt &
face Cl{s)¥= o3 #e] Stu v)%t Bls)d §4 &
2 Feold)

o curve on a parametric sur-

S=S8Cu v)=0x(uv) yluv), zluv))
D= u v luy<u<u, and v,<v<yyl

B(s) = (uls), v(s)) for a<s<b

C{s) = SoB(s) (8)
S(B(s))

= (uls). vis)) a<s<bh

H

1l

(x(uls). vi{s)). yluls) vis)). z(uls). vish).
ol3= B(s)9 Slu. v)E #A33e parameterized
surface 22l t4 Cls) & 4habql Fbelx w8 A
olvh. upahA],
Entity ()% 2Rl z{2 deolHiz gle] Bls)%
Stu, viel tigh LA Aata gl
oA 4 M F AA d4Y A3 E

dol g3

Curve on a Parametric Curve

425 &o] parametric spline
curve(Type 114) B(s)& B@adr), dold A Es
b ARS8 lRoR i e Y A
ol hte] segment’t Bk Z segmentE AT Y
AL o 2 N FEEHI segmentd] F FY RS
4 Mol HE& gd¥og o At A ax(i). ...,
dy(i) & T8t}

X{u) = ax(D)+bx(D)*s+ex(i) s +dx(i) * 5

Y(v) =ay() +by(i) *stey(D) *» S +dy(d) x5 (T)

T(H<u<T(+1), i=1 Ns=u-T(u.

ZAE parametric spline curve® #¥&3 F

3450

V. 48 2

 E=EolA ARRE #olA Fieatst & £ § o)
A A o YolH g A HEE 4 e A
2] HMEP HAE 19 8o EAEHAT. 1¥ 8elA
@9e 0.1 mm olvh. & Aol o] B
F 10 ¢cm 78L91 g4 EXE (7000 - 8000)x0.1
mm Atelel]l XA X Ag dolelg FA %t

£ =RdAe 49 £8¥E 4 492 IGES ¥4
A A8+ trimmed surface BelE HF &Y
¥ 99 1y 108 #A#A A=l 94 Cylinders
House 2 %€ trimmed surfaced) HHe] "oz
A8 & A APE EHH R el Aol

Al P BF 240%2569 A7leola, 486-DX66
oAlAl ZF Aol oW AL # 3% o HAAY
Holl ) A4g Aol  AE LMS F4& d8 F&3
7F data setoll Wisl 2xE AlMsln ol & FHeh=
Aol 7197 Aole}, B =8 A 4227 & CAD
1atel A% AFE AEFddte olm, ol Rdd
A syt Falsld Hen g AlZke & ouE
zb2] ¥ g B o=Roldye MS-Windows™ 3.19)
GUI(Graphic User Interface)& 7IWe g 3349l
oma v chAlel sie of el dlal slE s e
FYAI 4 Ao

e dudiEd

A Y
- measurable
- volume
934x0.1 mm T 7
11300
— e xOJ»mm
0 x0.1 mm, . JJ """ B
935x0.1 mm S - - Laser
IRy Camera
R

O 8 Al deolee] e
Fig. 8. Range of range data
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ag 9 (e)o 29 10 (d)e 2 oA SA7RRA 3
trimmed surface® QAAEE ol &3 E3F I
oltk, 1@ 99 (c). ()¢ ¥ 109 (e), (f), (g).
(e 3 oA LT THUE £8 49¢ &3
¥ parametric spline surface® 247 RAE

B, 1 99 8 448 329 AAd YL o %

(e)

03 9. Cylinders 44 A%

gtal parametric spline curve® ZHUHE zZ g9
9 AAE Jerdd. o] THEE trimming F3 &
AR F 3tz 22 3o 24 9 ()9 2™ 10 (d) 9
E7E gAeld.

saE Hated 29 1194 48 A=l G4 32
CAD I#AHE ol &3t BAF g4, ez, % 949

(@) Agl A% (b) 49 £ (0) 99 19 28 (D) ZAS% FHA 22 (e) 278 94 () 99 29 £

Fig. 9. Result of the Cylinder image

(a) Range image (b) Segmentation (c¢) Separation of region 1 (d) Extraction of edge and vertex
(e) Reconstructed image (f) Separation of region 2

3451

www.dbpia.co.kr



210 BEHEPAIOCES "95-12 Vol .20 No. 12

(a)

(b)

@

(d) (h)

218 10. Housed] A% At

(a) A2 94 (b) 99 2Y ©AAS 39 A2 (A)F78 44 () 44 19 2 () 99 29 #9 (g)
949 39 ¥ (h) 99 49 24
Fig. 10. Result of the House image

(a) Range image (b) Segmentation (c) Extraction of edge and vertex (d) Reconstructed image (e)
Separation of region 1 (f) Separation of region 2 (g) Separation of region 3 (h) Separation of
region 4

3452
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(a) (b)

ag 11, ¢ A4 BT 949 v
(a) Cylinder 94 (b) House 94

Fig. 11. Comparison of original image and reconstructed image
(a) Cylinder image (b) House image
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T8 12 IGES #4ome) g 8¢l
(a) Cylinder (b) House

Fig. 12 Confirmation of the conversion into IGES format
(a) Cylinder (b) House

F 32 ARl ofg g ARt
Table 3. Time consumption in each stage

A A% At Aol AeE 2 AA Mol vy
Cylinder 12 ¥ 30 = 18.5 3.9 %
House 9 ¥ 35 % 29.3 & 4.2 %
Aol F ek, oA GAE Hd A Fied ¥ 2 AY 43 E #e=z 43 SNR &
g e BREste AE 4 5 oA, Cylinder %4-& 35.25 dB, House %42 33.06

ol A AT
o gyl BHE parametric spline surfacei
Mx N2l patchil ¥3kelzl ajiiel A
9} ujA Ayele] 2A &4

20 e o8

Tralal -f! u,]

on 4zt
& w34 et 249
abE 1 gel Avets dFEE 15 oA 40 A xelvt,
BAAE wet BAsE ol Aty 1 i EA
A% o ZAAE vtz 7000014 8000 XY £
ﬂa%aeq gaby, BAe AAE B 22417
AR} Fasio

oela, BA

dBeld. o=
Wzg,

wlo] Hubatel

gid %3 BHe - wE Huje}
wael A ALEg #olA Fhighis B A 3
Aol Zatw A FHe NHw=s E
olFlch, My FHE Ao AWALZ YojuiA] genR,
Cylinder 94 Az delele AT 7y FELE
ZtAn g, a2 AAR o F&s ¥ 5 Qo
House 442 Z=3A2 w57 dEd £8 495
9 AA ¥ Cylinder®t}t 2Xszn, 34 & dEs7
7} oieiyct. = AAE parametric spline sur-
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face® RHAY w 1 Hol& o/l ¥H$Z sz By
A3 BELe Aoz Zo|sl HoHM AA] HET
mdgol oy},

Awkal o] g BAle 943 ARoA &3] B #
A ZFaE A2 o] CADO g HAY B
A% A, g, B =2& ol Eid A gsid
W OEHe AvatE AAT 5 e B MYs 98 ¥
Aolth, E¥ stereo" b ARBIE ol &aH FHo
A4z F@3A AR doleig & F 12¥E CAD
2dg 4AY F+ Ag Bl
2% 12% 744 Cylinder® Houseel Azl HolH

>

fi

[o

{

2R AAe IGES #de 38 CAD Zrayoez
dHATEe A& dEd Aol & =E& w3 CAD-

MAX At CADMAXTM Zzad$
2AxE #dsan.

ol g5t WY

i.d g

£ =fodxe Ag dol8E 4 B4 CAD ¥4
Watsts oA s 39 nddel 238 &
4 F e AR IS A

A A deleE MLMS(Moving Least
Median of Square-error) 4 & o] 43t 2179
grid Ag ddez asda. nga, of A 42
2t 449 (x, y.z) HES YA HEle] (2 fy) AL,
25 6l AAE 7|FeR 4 REsta.

Fod zt 4493 o AAE 44 2AF Fun A%
FHoz mdddd F IGES 2o Adde
trimmed surface® EZ &, o9 2L
Eatd g EA
IGES 84 & AAdsln, o& A% CAD Z2ados
gostgct, zelm, 2 =FoA AL BY 49
243 22 ¥ trimming #F L FE FAF Lt
F8 999 wWiATH FX Atole AA A7 step
edge® AAL 4 AU T UL EF FHY
sas WA H4S AYAcD B g4 BA 9
CAD =d RAdelahes ¥ =89 FF BRd= 2@
o}, olE EWE trimmed surface Bel2 XA
P2l 75 Aotk zElm B 499 AA AR
23 29398 A% erosion-residue oA A& A
AALE A BE Gatel A Bt 2 4H9 PAE F

o=
e
l

trimmed surface® 3d&

28 F, A8 AA Y& A5t 289 IS
FHeg AEddt

ZEACE P =2 N2E ¥ 9y B34 2 2
AF¥ trimming e o8 FW 24 2AE 9 E
AT W ol 71E9 AFETVe] =2 FH
of 2 dl Wl A% IGES 39 WAARNE #
galdovz, 44 CAD Z2aygoes gy EAF 3
H 2%, F38 F e 7t § 2§89 Fo| Y
.

a8y, & =22 dhiel AlZeA HEF A ulo]
EHubg R R g E49 RAAHY CAD 2dE <
€ & ok mEbA, gF A3 HgL o8 Aldez
A2 dolH & dUE #, o5& e CAD ¥4e
2 %3y zlolg. CAD-based computer vision
< AL fAol AN 71FEE EAe] CAD 2dS
ol &3t oltk. wakX, olNY i EAS fHF
CAD 29¢ 2% & vt o] CAD 29& o| &3
CAD-based computer vision Al2¥ 9 Fd%® 7%
g §8ol E AHo|r},
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