E

<Eg-LIXIEV =l dRa>

At Y7 |wel Hf - olF ol S5

EAoE - aEn! . oli@?

.M £

FHof) B0 33K FAEE o83 A
AlEeo]A-E 2L AFL] TR, Aol
Az AF FelM "z 2 E-8-o W1%7} tiajA]
. olgg FHoM FFHeE QT EE
A AEste BAE 49 dA Y (elec-
tronic prototyping)” 7oA AT, ©]
E A2 AEY] dFEAM AHARR-EAY 2R
a2 2eg HdAE WA, AT 3
Jolrt(1].

wEHAME FE3 33k R P45 FX|E)
MElHA o] gk A Zge] 7R3t o™
S8Hote o gt

» o F8}H(reverse engineering) : @=5= 2
A= AlFEte, AFE B2 2738, olE
¥A5a AAIE HAskE dHe 3.

* 3454 (shape analysis) : 33+ AA| 9] &
F sl HHEE dSdke 7%

« 37 7P MIA F-E(@BD virtual worlds):
AA A8t ZTL& B3 (mock-ups)S EHEH
HA o] BA, &%, 57 5 78k A&
WA g 8= 71E.

« 33 923D fax): 339 AAME 27
(scan)dt TIAE dlojElE WESA Aot
Asg o) &3l ME3t, o|F MEHSE L, A
%3 AJAFAZ 71 (stereo-lithography)S ©]
B3] AA9} FL BARES AR 7=

« ur2 v d g (taylor-fit modelling) : 339

33

o
4

QA B8 3 HA|e] ASES o] &3 o AH
FEAZRE 7FselA sk 71

oj2idt 3xM A 71 WA AFHQL
£-4] (topological characteristics)2 243l %
afjo} 3P, 71315 (geometrically) 2= A &
ok ghc}, Eal F=2)2 *2](smoothness), A
£33 (curvature continuous surface)?] X3,
ag)3 B2l (corner)$t W(edge) 55 WET
FHo] HEst gl 58 718 7|eR g

ol 71x] 2] 3k A 7= A <
= zol7t e o|8F Horwala dA &
o] 7hagt AAIFHQ HA| e B& AolE
Holx o 102mme) =R 129
10° ¥AEZR) 24T F = F&3 44
4 slgoje] wge 1 ZolE Hal {3 dot
7kar Stk A= 3AH PEAE 71e9] 7P o
B & HgEok Rl Hf - FAKEAY &
AR A2 Ha} 7ol ot Tl

2 2o = 3x4 dlolEE oEA FH 3,
oA HiFH P2 FH3L, o] %A A
F - AFAYGoA LT ZiRIA o) thsie 7het
3| A H A} g},

2. 3D £¥\=

A AA e tlolHE 3] A Wy
e AEHA 3 AFHoE HE4 (touch
probe) 247} o, FH So] H|HZF2
¢l mely 271\ (Moire scanner), 33+ optical)

Application of 3-DD Image Processing Technology into Textile and Apparel Industry/Sang Hyun Choi,

Chang Kyu Park!, and Dae Hoon Lee?
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52 #o)]A(laser) 270V, 18]3 S¥H(acou-
stic or ultrasonic) 5-& ©]|&3t WlEo] de]
ol &H 1 SItH1]. °olE FAXE o83 3x
ol Aol tixE Al dlolHE de 4 9l
or, Helu} o] a3 FH, o|Fut 25 4
A& AAAFe & 5ol HEs dolHE &
A Ut ole ARAIEY] YA -
AL 2% M - o|7-8 CAD/CAMel Y} 4
#AHE 93 Avz &8 4 )

2.1. EA AJL4{(Touch probe scanner)

HE4 2AUE 339 e = (panto-
graph)oll A== U5 24 (joints)& o504
o, HE 502 FARIG. 7t FHol= 3
g} 22 2718 Ax7E FEtEe] Slo] 'l(touch
probe)?] $IXE XYZo] 33k HE = HIESIG
(Figure 1(c)). #FoE Z%-Z(robot arm)ol|
RS 3ol YBAAME FAsl] Ao 2
FAE L E THEolRl AEL Uti(Figure 1(b)).

(a) ()

(©)

Figure 1. Touch probe scanner; (a) mechanical
touch probe, (b) a computer controlled coordinate
measurement machine, (¢) operation.

SRl 9, A 5 7 A 12 £, 20014

HEA e v ARsiaL &) §ol3)
o Hake RS AH HE s d& <
Su} Aj7ke] wo] Aela Aol 2 wxlol
ATk, Figure 10 RHFA 27jue] zgiapaiel
& Helt},

2.2. H|H &4 A7lL{(Non-contact type
scanner)

A 2o 2ve AR & F e 3
A v WE 3" AR L olF FiHlet
2 goled 2oy S FAEaL o] ZHE
7del HuE dojule WaoltiFigure 2).
WAl F2 e EAd e felsht 4
U7t o)A Hl(laser beam) HWrlof) w]s)
oA ©Ho] Ut moly ST AHH - 9
AdelA RIFSA, o5 FHEY 5ol B
AREELL ot uAIsE B X0l o]
o] Jom, Mo JEg W= o] At
olof wial] B3t #Ho|x Ae FFTR]
EA9] e Holut o] 2ok glo|ANE ZAL
3ta g 7 32 o] Je] FA AXE B3 o
2] Z}EolA] Hou} mauidel Bekg A}
239 A3 gAY Aag Hilgo] Azhy
(triangulation)l] ojs) 912 ARZ wpar} 24
39 WellA 3xd HEE d7] 98 29 i
T2 J4F AME ME ZEE AREsle o]FAT]
=Hl ol5ZxY 7AA Adxrt AU
838 GEg vt o]t Wale] 2] o

& oX 9 ol

Mo O 4t u

Figure 2. Moire scanned image (F16).
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(a) (b)
Figure 3. Laser scanned image; (a) slit laser beam scan, (b) point cloud.

gHRl F7F AdEE 100~500007 MEY S
£ W= 15,000 points/secolth. LY E =5
e delA *ﬁbﬂb 4 990 =UF
(platform)e] o Gl #he-HE2 A A%

£ oA =g %Eliﬂiioﬂ Ax]ste] 2
glo] HUE (spray paint)*# #|o|*E Ak
]—73—} wo 0:103_0_ z‘a;az‘g}{:_ e gl;} Figure
30] ol upe} 7ro] FEH] go]x] A= F
2ol Eo] 33 1A A Zo A&, oFe 9
AARA AR-EISL T
olge o] o] A EL FrFEQl By
2 7tk (video camera or CCD)%2} A%} 3}
B MYARE AS F Uth(Figure 4).
°J5J+ 2o vwd ot Fe g Y A

= o 130 SHoaw 2 guiide] WA W

Oﬂ EHET} AR A dojd 4 o &4

HEL 3729 vi<l(mesh)] e 2 o] Fo)XH

olgidt 374 wigl= iuble] A4E &8t}

ZHgog o]FojA Qo] BHE wheshA A

F Aok 2v A oiide] S 9ol A F=rt ol HHS AN FHsoF slug 1

- _
= :
B0 Yo} Y Yol SR AT F 8 ool 4ol Base] wE A% A9E 5

Figure 4. Color image (CyberWare).
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Figure 5. Triangular mesh.

el w2 EgAIAFTolof dirt. olA7EA] o]
25k 792 ZAHS SE ANIE AT 9K
T, ol 29id AgEel A Agh ool
o7 Fe] SAHXE ME HHA shte] HH=
Tes Aol A BEsHl dRIsHA] 871
wj ot} Figure 5 37842 324 w+¥
4 AFE Holi Urh
FLE olAH7} opd E4s WS 2
S AEd A9 EW 2T (gray scan)o]Ehal
2= B/ Wiblack / white) Z27¥F4jo] T3
olt}, o] Whye EH Yo B/W FUE ZA}
5oL 74AIAY] B AsH AME ¢ T &2F
T BW 3d& 202 v & & B/W
BLe AHRMEeEA FA 99 dAol tigh
HJRE det) Fd 9 ol XA oA &
?HL‘]Q} g2y SA4dels sYsith
Hrol] oA E o] 8-k Wk Fof ZEE.e

]Z4(stereo vision)ol| 2|3 Wro} =], o]
e 5 oolel FiElE el Zixed dA|st
2 71E B &) siwE s A B ol
(calibration)ﬁ 5 AR Zoke] #olA R el uf
SR ] 1A 24 /s S2olHA Tt
solee 51’6*—% HAsle] 3apglo R A st
HARE dojule Wealoln). F2 EiEETE 8
FHEA] e AAe] tigte] & Q)

&S AR S M TR Z:EJJVP ARS-

o,

Q) (1 A S A 12 L 20014

olhE
g9r) 239 FHe BE /R FeRE-2e
o A= AAY, A7) 2= AFEE AR
\;}, }\]Etﬂ-}\§7] ])\1 ;@}\%5] J}, _l}_o:]o r=
H2 (pulse) 23+ AN=e] Ewl 27 A (trans-
ducer¥ilA] #HHTE WaPC), o] Hude= A

ze] FHoA AEo] AEY A 2H
g el F&HEr) o] HapERol w3l AlHL
2HE e Sk o] IS AR Eds
FAE Fopzith. old HiFE = FHAXE
Ashs 3 ol ABE AAE ¥gnd
oL} A& *E‘ﬁc’ﬂ o] &Ht} @] st=EE A}
Ee A5 FAFae A= A (NA:
numerical aperture)*l| v} A==, 714
Hul7d £5 8 AREEE A9 200 MHzOA
°F 5 um AEolth dA AREHE T 9
= UlgF 10 MHzRE 2 GHz7IAolt). sid=
E NI SEl FEEE SR B
gto] £3 Zolrt Algtx|EgE gg-uiidel et

N §

FN

-~ Motor
! Mechanism
™ i -
Axis of
rotation
Scanning .,
ES -
Transducer\‘
.,
LA Il .
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Membrane :;; g .
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;' " !W«q' / o Ee
2 / . . . P I;\_\ R
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Figure 6. Configuration of an ultrasonic mea
surement system.
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(O]

(e)

58]

Figure 7. Modelling with singular A-patches; (a) interpolating a vertex with a sigular point, (b) inter-
polating two vertices, (c) interpolating an edge with a sigular edge on the surface, (d) interpolating twc
edges, (e) interpolating a face of a cube, (f) the A-patch surface degenerates into the cube.

F32 o] Furg AR Figure 69 253

32k Al&71e] g Kol St
3. 3D spde| ®2| 7|

32k o] AElE fEiA F2 AMEHE 7
&2 34 & YHE Ye 5 ok

s #8147 2 ZAHnumerical analysis and

approximation)

« 718}8H3 24 & (geometric modelling)

* 778 12§ 2 (computer graphics)

* 7137 Y] (computer vision)

EEs 7574] ot FAHRE 7+ A A
Hef o) Ao} FAsAY FAkgH
ko 2 284 (reconstruction)dl”] $lsir =
A 9] $148H3 AH(genus)S Ztohfix] ¢kom
QHEITh ol& 1% 33K A 7 ok
o] ARl FEoR s 7 AUk

3.1. OjALlo|= — 2jLjo] TN (Piecewise-
linear reconstruction)
Foi7l AN YA 9] EAHHE] JBE

3 3akel AAE Y (FE AHR)e FHe
2 ¥83l7, ZAHinterpolation)A 7] HPH L
2 7138 7]3}8(computational geometry)
7lgo] FE ZEETH1). ojn FHAe] FHHA
52 #HA9 Edl(perimeter)E zb= oz
FAE HHsk= 7|% ol AM8-HM, Figure 7
oA Kol uie} o] Foxl HER A=
EB-=7212 (convex hulDZ A)Zsle] RE HEL

7—'114]9] el f1x121717] 8] "=} 2719) o}
7} o 2 o]fozl HHE FE:AIIE AHE F
6}0:] XH;L}B]%E}‘[Z] O] 1 ]_L Ch01[3], Velt—
kamp[4], Edelsbrunner[5] 5ol 2Jsjxx o
2 o]l o] RyHE ul i}, o]#3) 7]
=2 AR - oFEok] &A, AHF 5] o FH

7HE 1% Al=del de] o] & 7o)tk

3.2. HHIO|E (Surface fitting)

FHAIYE pj2elo]= E2]wn]Y (piecewise
polynomial), 32} E 2] (parametric), =¥ ¢
E2)AE (implicit) P02 48 ZAsk=
71 °]tH1]. CAGD(computer aided geome-
tric design)¥ +Xx|3iY 7|e& o83t &4
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o
:

(a) (b)

)]

Figure 8. Example of a shoe surface fitting; (a)
the scanned points, (b) the selected o-solid, (¢)
and (d) the triangular mesh, (e) polynomial alge-
braic patches, (f) final result.

F o] A& WA (patch)Z A4 g}, ©]
of z}zbe] s A= 2] (algebraic equation)
o]t} NURB(non-uniform relational B-spline)
A Fo2 HHEEC old g A+
Shimitt[6], Moore[7], Eck[8] 5l 2J3 2.3
Horh ol#3d e AEd a9 xHe| A
HE a2 e A, & AAXFY AFL
X202 surl, 249 HEY volHERH
3xrede] AEgsr FAe dolg FEITdst
Sh= 59 &80 AMgHUl. Figure 89 <&
Kol UTH1].

3.3. mX|&@z2l #lolA= DE Y (Physically-
based modelling)

o] 7l&2 HFE vl EolllM F= /s
gd&EHe 7R, 33Y AA] EHo] HE
(deformed)dh= W02 1314, Ao Fof
Z1 219 (forces)°|Ht W F28-(internal reaction)
o ofsf W¥sh= IS HH3= 7IEold 1]

Mpoled 4 A S A 12 E 2000H

1S . ulx

[+]

- olilE

t=0.03
& ' |
t H
t=0.04  Hf £
t=0.05

(b)

Figure 9. Example of physically-based modelling;
(a) simulating fabric drape with different thickness
values, (b) fabric deformation after sewing.

FEM(finite element method)®} 7+& 7]% o]
8=, 7t ZHE Adske 7 &Pl B
d(solid model)52 7Md2] A= (spring)olL}
Wi (damper)} 847 GZAAA, HEH FAHS
AlArst}, Terzopoulos [9], Pentland[10] 52
o3 Ra¥ v} lom, 53] H4A|(continuum
material)®] 3xM ¥ HH FE AME-g).
ol 2o Holuh ARiAE dEA= /s
A7Eo]l WHE T ArH11). Figure 99 2 4
2 nolx Aui12].

4. A% - AR SB

ol A5et 3xk sMdel 34 3 Ay
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2 71A|, AsEolA it oz} I Eof
A - ARG FH YA A_EA U
o}, 2 AR 2 /7 tR e A8 Bl
) 5ol 283k Al2Ee] 52 Ef Akl Hls)
B 23 =& Holt}, 3x1 s ElE ogA 3t
B A/ARAY 2 Solde thaa At

+ B4 A (irregularity)

 t)H3 (large deformation)

« 278} 329 F2(3D structure with

small thickness)

¢ H&4S zte ¥ dA$A (non-continuum

materials with contact points)

« Al A A2 (visco-elastic properties)

« 24419} <94 (flexible objects or body)

« oA 9] Fle] E-4Hdispersion of light

reflection on surface)

o Az &2 tokst ¥ (colors or various

patterns)

Ao} 74 o3 $ AT AME A - HFA
dellMe] 331 sPdAel 71&e] 382 A
o7 ozt e FAelt AR - 9F
Aol el 3akl e 71sel §-8-8 AA
(1) AR 2 AZe i 54 4 "ot
(2) 4 - 2J5& 3D CAD *2H", (3) A=Ay
Al 2 ] 3-89 MiolE o] A H izt
giot.

4.1. 423 ¥ MEZEQ| 3 &Y U HWIt
9 HellA AFs 3x A Tled He
Eof 27pkA] AlEe] AAb7|ge] F/AIEHA
AREAL AFel A7} 7ige] HE=a Q)
o}, o] oJFFrte] Aol oM tiFEE 2
AHdH oz agaE FYE PR Ak
a7} gt A& 59, A¢] #71(linear density)
1} #A % (evenness)e] &4, d9] W H(hai-
riness)®] &4 Tol L £ dolg. EE ol&
tolEE thA Ao E A= AeE
O} o7 & AEANE AFL UA= &t
o) g, 3x Yoz Mshes dHde
zelo|zA, 3, g & 35, 898 Fol A

TH13]. ojwjgt ALollgtw a7 ool ste A
Ao} 2HWAHE FslH FHHo] MM} &7
HhAle MAE = Qi) ol B9, Edje]ize]
7S dirERl tAE FiEivte R 73] o
she AERe 3PS Fg 7 Jov, 739
A5 do)A Ay €3 el CCD 22
Fhe golx 2y F-& Boly FH|E EF
o] 7kgEitt. Alg & Fgoht "y e 1)
Al QBPELE S E7t £& CCDE AMRSHA
U g A Yshke Sl HE 883t
2] ko QHETE,

A FEe] 7%, BAEFY] HH7H (seam puc-
kering)e] 3xMd sMdAE] 7|&g o83 ZAH
Hrpga] Fol dom, JAl A T F3%
Hjo] AR 2 rhEsitt, o2t AEFHAE 9
gk 321 sHdAE] 7lee FE A9 3.1
AF3 gasfo|z 2o} el TIHE S8
&, 7|EHo 2 RE 9 Folo st ZkE FA
%], FFT(fast Fourier transformation) &
dolEd (wavelet) ¥4 59 3 3| 7|,
Aol HA 24 Fo AFATH HE
sto] Ao P Hriel AAH FEHE
7FshA gt

olegigt 32kl sdAE 71eg o8 F44
vl o]p] Al 7]&ezg 2 ¢4 5
o] At oAM= AEskE vF U113,
14, 15, 16]. Figure 109 EA}7} =A147]4
Az FEoz NEE xR A EelH &4

A2Re Bolz gk,

S

M7 oBel Hehg MY BH7t s
Nee FETHTL UA oM, ©8E Yoln
A 3 e JeE RUHE oo 2ow
b, T, e, Ay Fol tagel sk AE
9 A% 349 2R Fad AF AT 9

HAARE s71e gih

4.2. 47 - 272 3D CAD Al2H

321 A - 2] F2(3D textile and apparel)
CAD A|&="9o] A4, 78 #4bs] 3xk sPdA
2] 7]go] H&5= Fopolt}17, 18, 19, 20,
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A - olohE

(b)

(a)

(c)

Figure 10. 3D Fabric appearance tester; (a) 3D laser scanner, (b) seam pucker analyzer, (¢) drape

analyzer.

21]. Figure 119 3219 3d7|¥o] ojsfjg
CADel| A&5= 9l oMo BAFe] A
Al AtolEE Hola AoH[22]. sEle] AL A
Ysh= CAD Al="3} Ao 54 w3k
3 28RS F02 TPFIeIA AEAE
AV AF - 7 SGE Beke ol
Figure 12& AA| $-8AHE BT}

Ao} 2 - HE, 2 59| Eopol] = 0§
H= Bole o7 e FE 2.52H00A o|F
A= @23 vl (texture mapping) 71&-2

Y3 FHSAPH 32 3-8 7] ofdolx
B8k, A @A gAl AHeE e
71goll 431}, o]& Figure 13014 H& uig}
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€ ¥ 2 7t AxE 33k a3 ur] 4l

Hsled A A5 H A 12 8, 2000

) WEsld ) 33 FAKRE adg s
w2} sk AeltH15). ol9h e 253919 |
23 WENee Ry e} 7by, AT,
FAE Solx geH)

A So] 339 sPdrI%d] wraslEA A
3D Al B#o|8L A83le Alzslo] 5457 A
A, i) H¢E Haxlo) o) Ulg]
Frro] 7hehala Bol Wik ele] oBojgt
AgHoz AMgEW, AHERE AE, o2}y
zo] oA wzbg A9} HeAE] L2
Fejo] Hfolvt A 7158ttt Figure 1390
ol A= A" BRAZe] s}l Lectra
Al2=Ble] AFEALE AlEAW] 339 s
Holy gith23].

AL T2 FRI=ES] ZHEed A
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patterns
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Figure 11. Garment design cycle proposed by J. McCatney, et al.

ojide) 74 olre AHoZ ofjuiujold 7]
S &83 AolAuk, A Ao} EAJE Wby
b 3x1 3PS o8-8 AlEd ol TIHE
T &4 A% Atk o)F tlle YoM &
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Mo g AR Ashai A|2He]y} TorayAtel
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WMz 32 27hH ] A 52 AlzHEo] A
o] Sl FE0lAL, 53] EAllA shast 3
A REA|2E e A MAAR] e At
3L Qo). Figure 159 549] TecmathAle] 3
zH Q1A ASAHE HATH26).

4.3. 7|E(H #FE2 Made-to Measure S&)
ojdtell = o]zt 3kl Al Zlse] W
oflxe] FR7Iso] F48] W w2}t 1 3-8
H7t AL el £FA0AM M &
2 SIgeM eRleg Fdo] yhesHAl HSich
OFA7RA] BAIEES] gkt H4-8-wFe] Aghe
3akel o] FEAFON HElE dAkeE Tt
T TS o AN A A 331 e g
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2 ggsiEn ook pso] shdolut T34
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Figure 12. 3D mapping by J. McCatney, et al.; (a) stylised 3D garment pattern panel design, (b) gar-
ment panel triangulation, (¢) 2D flattening of panel, (d) 3D drape of panel.

T2 SR glo] mA|gol A BE S8 &
e ez e Hoelth
Figure 16014 Rol= nle} o] 7WAA1H
(virtual display mall)}& o]-83ajA] ez} Z-2
AR ke AlES 1B § Ao TiRR]
& AR slar, 7RIl QlelE dEe) vt
538 HHLE DIY(do it yourself) & B3l 23
3 BWelthdr), Figure 179148} 7o) ANz}
ZRle) X5 el e, §) £574L o]

M7l XY A5 H ) 12 F, 20009
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wato] el APy SHEEE Hske T

1e

| dEo] ojn) Jg3hd v ITH15, 27].

T3k o E-9] 739 Made-to-Measure '}4]<]
M2 Aol FAEIL e} 33kl sdAE] 7]
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(a) (b)
Figure 13. 2.5D texture mapping; (a) grid operation, (b) application to bed and cover.

3D Model  Flat
Pattern

(@) (b) (c)

Figure 14. 3D car sheet modelling by Lectra System Co.

(a) (b)
Figure 15. Dynamic virtual wearing simulation; (a) using VLNET(virtual life system), (b) using
DressingSim of Toyobo.
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(a)

(b)

Figure 16. 3D Body scanning and measuring system of Tecmath; (a) scanning system, (b) measuring

program.

Figure 17. Virtual display mall.
5. WS
SpAel 3Ake Shre] A

FEsloldel Zwny Axe

Aelslal, olg Bz &

2o i

gor)Eg B A 5 H A 12 5, 20018

300 F 350 F

11500 1500

250 1 <1400 300 41400

41200 41200
200F 280 F
41000 -{1000
150 200
800 4800
100 150 F
4 600 4600
50 - 400 100 4 400
4200 200

50 F

|~ 1

Figure 18. Body clinic system of Vivian.
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