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Abstract

Many applications in computer graphics require complex, highly detailed models. However, to control
processing time, it is often desirable to use approximations in place of excessively detailed models.
Therefore, we have developed the notion of an optimal matrix to simplify the model surface which can
then rapidly obtain high quality 2D patterns by flattening the 3D surface.

Firstly, the woman's 3D body was modeled based on Size Korea data. Secondly, the 3D model was
divided by shell and block for the pattern draft . Thirdly, each block was flattened by the grid and bridge
method. Finally, we select the optimal matrix and demonstrate it's efficiency and quality. The proposed
approach accommodates surfaces with darts, which are commonly utilized in the clothing industry to
reduce the deformation of surface forming and flattening,.

The resulting optimal matrix could be an initiation of standardization for pattern flattening. This can
facilitate much better approximations, in both efficiency and exactness.

Key words: 3D scan data, Flattening 2D pattern, Grid method, Optimal matrix, Approximation; 3% <13
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3D scan data®] "4 B2 A BF7] 85
& £39] golHE 713 A3 Rdo] 7] wf Rl A
FH agas 34 mdy Eotilas ARgALl
A BaF AAE FE(Level of Detail)E =74 5l
Gesle mdg AAst ok ©eE Ee A,
AL, M, A EFHA] FE2Z Coplanar
Facets Merging(Hinker & Hansen, 1993), Mesh Deci-
mation(Schroeder & Zarge, 1992), Energy Function
Optimization(Hoppe et al., 1993), Re-Tiling(Turk, 1996),
Vertex Clustering(Rossignac & Borrel, 1993), Mul-
tiresolution Analysis(DeRose et al., 1997) S0l HH
of Al itk Z2Ey ol& wedt WS dlo
e &3 Ao Jlon RAYGer a+H
£ 3D HlelE 9] 2D Al HE37E 29 A
o] Apd o]},

98 AF ZHoA 3D w4 Hole #HE A9
FH B2 Ao Hget HE o ApFA| 2ol et
Zlolt}, zEjvt RIAE vt EFHe R o]FoF]
3 olH) AL 23 Hudidew AT
A 209 3D scan dataZ &3t HES 2EA)
3 Z2aYEE 349E YYRde 2893
A58 FEsel Amshe $4L YT ArkCmass
customization”, 2006). 33+ AL FPHow &
gte] AES Axdhs dyols B 9%t gE
A& (Miyoshi, 2003), Atz <3 HH
e FAALHE A 9, 2005), EetolX HolEE
o] &3 AR AA A7 ol o] FHBHA|FA,
2001) 58 ¥} o] FoA 3 Yo} 334 dlolH
st gl o] o E HeF AAle 75T 4
Aot} wpaha o]&.3} QA4 gle] 3D dle]E 9] 2D
Z7¢t 2D wlolEl €] 3D WEolgte A1 4L
o4& 4 = =k} 71y el a7dr

B2 A Bolol M, HAAH AFL $A ol

24F o LA sl Az FAZE
de B2 A g7 A$x oo xgHc} 2D

AeelA 3D Helz 74H7] A E o % 9l
£ ARe WHo] a7 F4L FARE A8
£ A, 7o) A9t old @ AR W] o
YA elate] o] £od Rolut, 2L 0§ % A

AzYe UfA e WIS FE FES} A
oJ3te] o]Fojzth wetr Hoz 3D FA4e W
stshs A X e HES NS Ao 9
27} Ath(McCartney et al., 1999).
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T AN E 3D Hlelgel 2D H7iet 2D HE o)
3D Higolgtes EdY HeldAe FEE E
ol W3S 7153 she EESE 7Ee] a7E
o}, olo]] B oAM= 3D dlo|E¢] 2D AMNE 4
3 AdxpH 71Eoz QA S B o thES 4
Mo HHE AL oA H 71Eo 2 B o
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F3} 71&32 AAskaA) gt
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1. CHEXNEH 9| shell E&F

20049 Size Korea EJAEE 7|22 2 18~244,
82-66-91(165)° o= o] EAFS =4
stod A EAM 7o 2 4Fkck(Table 1), 223
A= FArissadsd sdEdd s 7IEeE 9
EHSPA S, HFAA, Az FoleA,
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el ez ey A=A ol &
A3 WS AL S THEIg. 1, 2, 3). B AN E 9
o Mo 2 QA AWH RS 37 shell2 £
TR B9 F ook B o 2 AR Qe
kAl S H(Upper front shell) #2848 EF3}517)
g 7158 dgstaxt gt

2. MW 29lo] B

o

Fabal ke Q1A B3 e] A4 wet 3}
SEUA 7ol B, THA AT, HEkel (lower

Table 1. Size of representative model (unit: mm)
Part Bust Waist Hip Waist back Shoulder
circumference circumference circumference length slope
Size 819.93 653.48 903.43 378.01 26.49°
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Fig. 1. Upper front shell Fig. 2. Upper side shell Fig. 3. Upper back shell

Fig. 4. Blocks of Upper front shell

Table 2. Matrix complex(row*column) by block

Block Matrix
UF1 2%4 2%5 3%4 3%5 3%6 3%7 4%7 4%3 4%9 4*10
UF2 2%4 2%5 2%6 2%7 2#8 2%9 3%6 3#7 3%g 3*9
UF3 33 3%4 4%3 44 4%5 5%4 5%5 5%6 6*5 6*6
UF4 3%3 3%4 4%3 44 4%5 5%4 5%5 5%6 6*5 6*6
UF5 3#3 3%4 4*3 44 45 5%4 5%5 5%6 6*5 6*6
UF6 3%3 3%4 4*3 4%4 45 5%4 5%5 5%6 6*5 6%6
UF7 1#1 1*2 1*3 1*4
UF8 2%2 2%3 2%4 3%3 3%4 3%5 3%6 44 4%5 4*6
UF9 22 2*3 244 3%3 3%4 3%5 3%6 474 4*5 4%6

cup lineys 7102 TEsleto 97)) BHog Bas 3. 280 IE He MY

e UF1, UF2, UF3, UF4, UF5, UF6, UF7, UFS,

UF9.0 2 314 th(Fig. 4). Zhzte]l E8& A EE <Table 2>¢) flEg X 2

gl e} Grid method$} Bridge method® HAHE
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X438}, Grid method<Fig. 5>= &89 Wule} &
ol E} o R 1ol 6&/‘1-1401] ABE st
+= Wo|t}, Bridge method<Fig. 6>+ Grid method
Z o|g3dle ABI HAE parent S8 AHA
Bo] ¥QIE dhte] 7|E EJIEE AZFdA HAL

o2 AX7L AAEE WO E UFS, UF6 £
AHEEIen 742k parent ¥3-2 UF3, UF4 &8
oltt,

4.3D E&ko| HHTINO 2fE 33 =2to| HY
Bl

Ztzte] Egox Ao} g9l et vHl% &
olE g o] FR S AEE BAHSRL 3D
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89 7 7B Hol& FAGEE 72t AAE
d &t ch(Fig. 7). shhe] 0l 23] A7 A
o] el 27te] WA S At 83 2719
HHzlo] 2] B|(DIff. ratio)s} H7HE el Atel b 2}
ol] H](Ratio by tri)E T =2 Vehle] Zgz=e]
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Fig. 5. Creating curves by grid method
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Fig. 6. Creating curves by grid method and bridge
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Fig. 7. Flattening process
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Fol A4 2SO glo} HH EY2S AdsG e A A4 F7t Bopd S S 349 Iy
o E8 7Ee] A4 o] Bee) Arj dde & ol o MWalA BHE o} WA o} o)z} Mol g
3 Yo F2 FEchs W e 889 7HE B2 zrge) o tidt 24o) 9] H](Ratio by tri)E ©]
T FRAE WHS BE Ak A W Ssk) H7Pe) ol 9F AolE AT UF
Eelsg AR QRe) ARE AYHSe] 08 B B UM BHE AT e 2ol 240
HANSAZ A #7434 diff. ratio§ ¥ @ste] A wAo| o A Jeh} AR Aol E o| g5l HH
$49< AZ sk shahe A40) WAL F7MS BeiFAn,
UF1 282 wEg20) H&3)o) ule} diff. ratio
L A7Z% % 0¥ 7} AR gadte AFE Bolr 53] 447 fjEGS
E 71HoE vEYA A2 g 348 A B
1. &% 27 M : O|X] WO EZ 4*7, 4*8, 4*9, 4*10 T+ WA H A
WELAE WY 5 3ok UR2 2gdHe o] 29
g gl oA BHES BUslel 4 BEE AlE WF diff o7 Bastnh) 39 B¢ o)
MEY s wAe] W ARG A4S o8 WA A Frislel SlRFAL BTk ol UR2 29 ¥
sl WA WHE ZAlGAT. 29 WA HW o] 99 Funh ¥e 59 §TL WS Vehiy
Z7} 99 Fo] VI(DIff. ratio)d UEHe] PhEE  2+8,2+9914 A 7& vieR) AT
2 Z ol ©p2 W3S <Fig. 8~16>004] A 3ttt UF33 UF4 232 f1i9 3t sldste 78
Table 3. Diff. ratio by matrix (unit: mm?, %)
Matrix Diﬁerezrlce Ratio Num‘t?er Ra'tio Matrix Differeznce Ratio Numt?er RaFio
(mm") (%) of tri. |by tri.(%) (mm”) (%) of tri. |by tri.(%)
2*4 1016.25 4,95 16 0.31 2*4 59.59 0.46 17 0.03
2*5 358.48 1.75 21 0.08 2*5 50.21 0.38 21 0.02
3*4 710.26 3.46 23 0.15 2*6 27.08 0.21 25 0.01
UF1 3*5 579.73 2.83 27 0.10 UF2 2*%7 23.65 0.18 29 0.01
block 3*6 582.24 2.84 34 0.08 block 2*8 8.41 0.06 33 0.00
3*7 490.77 2.39 40 0.06 2*9 8.06 0.06 37 0.00
4*7 313.26 1.53 54 0.03 3*6 44.81 0.34 37 0.01
4*8 292.03 1.42 61 0.02 3*7 39.77 0.30 43 0.01
4*9 308.02 1.50 65 0.02 3*8 20.43 0.16 49 0.00
4*10 241.12 1.18 74 0.02 3*9 15.84 0.12 55 0.00
Matrix Differeznce Ratio Numt?er Ra_tio Matrix Diﬁ'ereznce Ratio Numt?er Ra.tio
(mm®) (%) of tri. |by tri.(%) (mm"®) (%) of tri. | by tri.(%)
3*3 -38.63 -1.28 17 -0.08 3*3 -68.96 -2.32 17 -0.14
3%4 -32.32 -1.07 23 -0.05 3*4 -54.39 -1.83 21 -0.09
4*3 -23.66 -0.78 23 -0.03 4*3 -25.70 -0.86 21 -0.04
UF3 4*4 -18.63 -0.62 28 -0.02 UF4 4%4 -13.67 -0.46 29 -0.02
block 4*5 -7.68 | -0.25 37 -0.01 block 4*5 -9.91 -0.33 34 -0.01
5%4 -2.88 -0.10 37 0.00 5*4 -14.71 -0.49 33 -0.01
5*5 1.55 0.05 47 0.00 5*5 -1.54 -0.05 42 0.00
5*%6 0.16 0.01 54 0.00 5*6 6.64 0.22 50 0.00
6*5 -4.35 -0.14 54 0.00 6*5 -6.98 -0.23 53 0.00
6*6 2.27 0.08 64 0.00 6*6 -1.05 -0.04 63 0.00
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Table 3. Continued.

Matrix Differeznce Ratio Numb.er Ra.tio Matrix Diﬁ“ereznce Ratio Numl?er Ra.tio
(mm®) (%) of tri. |by tri.(%) (mm”) (%) of tri. |by tri.(%)
3*3 122.23 9.55 6 1.59 3*3 108.46 8.01 6 1.33
3*4 11029 8.62 7 1.23 3*4 96.92 7.15 7 1.02
43 109.05 8.52 7 1.22 4*3 83.70 6.18 7 0.83
UF5 4*4 103.58 8.10 3 1.01 UF6 4*4 70.83 5.23 8 0.65
block 4*5 88.91 6.95 9 0.77 block 4*5 71.70 5.29 8 0.66
5*4 80.77 6.31 9 0.70 5*4 72.11 5.32 8 0.67
5*5 78.20 6.11 10 0.61 5%5 66.05 4.88 10 0.49
5%6 82.86 6.48 10 0.65 5%6 59.96 443 10 0.44
6*5 75.52 5.90 10 0.59 6*5 59.88 4.42 11 0.40
6*6 68.11 532 12 0.44 6*6 60.14 4.44 12 0.37
Matrix Diﬁereznce Ratio Numl?er Ra.tio
(mm”) (%) of tri. | by tri.(%)
UF7 1*1 28.34 4.20 1 4.20
block 1*2 14.73 2.19 3 0.73
1*3 4.95 0.73 5 0.15
1*4 6.59 0.98 7 0.14
Matrix Diﬁ‘ereznce Ratio Numl?er Ra.tio Matrix Diﬁ‘ereznce Ratio Numl?er Ra.tio
(mm") (%) of tri. |by tri(%) (mm") (%) of tri. |by tri.(%)
2%2 -18.69 -0.21 8 -0.03 2*2 207.95 3.30 8 0.41
2%3 -8.72 -0.10 12 -0.01 2*3 131.74 2.09 12 0.17
2*4 2.04 0.02 16 0.00 2*4 112.25 1.78 16 0.11
UF8 3*3 -1.70 -0.02 18 0.00 UF9 3*3 167.87 2.67 18 0.15
block 3*4 10.09 0.11 24 0.00 block 3*4 140.05 222 24 0.09
3*5 20.54 0.23 30 0.01 3%5 133.52 2.12 30 0.07
3*6 27.67 0.31 36 0.01 3*6 124.86 1.98 36 0.06
4*4 9.32 0.10 32 0.00 4*4 175.85 2.79 32 0.09
4*5 20.24 0.22 40 0.01 4*5 152.78 243 40 0.06
4*6 28.30 0.31 48 0.01 4*6 141.80 2.25 48 0.05
O F A koA 7t FEo] Alg Eolmnz 3le] lower cup line9] HAE7} E&EH o|E bridge
02 885y Zo] fEE dA3X] ¢3 FHe 2 method2 #ABE AX 5T} lower cup lineo] B
NE FANEE 4L FLAAL Wl 24 el Ao s RBLSS diff. ratiod] Wl ol
Aol Bt WA WSyt AxM HA e A Rolv} UF59 UF6 £89] AE A= UF3H

ANE WNgsr £agonz ey AAEHEE
AEstdct. UF3 £99 adlze 443859 S71
o Wt Pz} Asdte FAE Rolw HF 727k
Aol ol zpolzt 0o 2T 4*5, 5*4, 5*5,
5%6, 6*5, 6%6 MEH AT HAA3INTH UF4 £
HA 72 ratio by tri.7} 00 ZH T 4*4, 4%5, 54,
5*35, 5*6, 6*5, 6*6 | EYAE A

UF59} UF6 £3& UF33} UF4 £33 2] FA}d] 9

UF4 £80] AFH oz J&& 7A7] W& UF5
<} UF6 B89 53 37+ Yol UF33 UF4 B3¢
H4 MEY Lo Fste BTS AHstojor & A
oltt. UF5 £ & F7HE 4*5, 5%4, 5%5, 5%6,
6*5, 6¥6 MEZAH T UF6 B3 9] & F7he 4%4,
45, 5%4, 5%5, 5%6, 6*5, 6*6 EH 2} UF7 £9
< B8EE 41 49 7ol el diff. ratio7} A
iy HZ e 1#3 1 lEY A8 AA st
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UF8 E82 g9 ol wal 2%2-2%4, 3*3~3*6,
4*4~4%69] Al FZrOZ2 Yrojxl Y EZE Ho|y
E8HE #7t BE5F diff. ratio”t F7keke A
S vehliu 2 #o)7} 0.3% HEOE mnjsle]
A FZRE %4, 3%3, 3*4, 3%5, 3%6, 4*4, 4*5, 4%6 1)
Eg2g HAs9ct. UF9 285 UFS £} 729

—— Diff. ratio(%) -#— Ratio by mesh(%)
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1.00 \_ﬂ___,\. 005
0.00 R S 0.00
24 2'5 3'4 3'S 3'6 3I'7T 47T 48 4'9 4*10
Fig. 8. Diff. ratio of UF1 block
—— Diff. ratio(%) —*— Ratio by mesh(%)
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Fig. 10. Diff. ratio of UF3 block
—o— Diff. ratio(%) - Ratio by mesh{%)
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g \
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Fig. 12. Diff. ratio of UF5 block

Ratio by mesh(%)

Ratio by mesh(%)
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Diff. ratio(%)
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F7F B&E Diff. ratio?t 7HASHE S e
o] & F7h 23, 2%4, 3%4, 3%5, 3%6 HEYAE

A4 st

L
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Fig. 9. Diff. ratio of UF2 block
—— Diff. ratio(%) —#— Ratio by mesh(%)
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-2.00 / -0.12
-2.50 -0.15
Fig. 11. Diff. ratio of UF4 block
—e— Diff. ratio(%) =~ Ratic by mesh(%)
12.00 2.00
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Fig. 13. Diff. ratio of UF6é block
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—+— Diff, ratio(%) —*— Ratio by mesh(%)
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Fig. 14. Diff. ratio of UF7 block
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Fig. 16. Diff. ratio of UF9 block
_/‘4\
"
: L% A
J
Fig. 17. Diagram of row and Fig. 18. grid of optimal matrix Fig. 19. Flattening by optimal
column among blocks matrix
2. ZH ojlegA AY Qo A shell =+ modeld) WAE3} A ] AR

Y 7 Yol AERoe Ang Aysn
Al AYelM 2 Bejs) HA HEYLE A4 e e shelldl EREE bockEo] 2L HEE
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28 71&07 ABE AAstolof dtt. ol &
oA ZHzhe] B HH mMEYLE A5t
Aol HA QA F4g 2t HEAfEH oz Ashe
s FAH)N aTEHE EY2] HFES} 9l
7] #oin}. mety AF BEH2 e shie] B

gl
2
=
\__

A 7P BE&HR1 MEY2Y 2] oflE} tE
Bezte] AAAHE 2eidted HAl shello] 2do] HA
o] 2] = HAg ANE a7se MEHE
2 A h(Fig. 17).

£ AFAAME 18~244 A3 ARHA 4]

Max . Min. I Opt.
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S U ' u . ™

UF5 UF6 UF7 UF8 UFe

-2.00

I R T
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Fig. 20. Position of diff. ratio using optimal matrix among total matrix

M diff. ratio{%)
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lE
0.00 |[— _1_—_1__._1;-._,4_

- B

R

-1.00

UF1 UF2 UF3 UF4 UF6 UF7 UF8 UF9 Shell
Fig. 21. Diff. ratio of upper front shell using optimal matrix
Table 4. Result by optimal matrix

Block Matrix Difference(mm?) Diff. ratio(%) Number of tri. Ratio by tri.(%)
UF1 4*9 236.56 1.15 62 0.02
UF2 2*%7 19.34 0.15 28 0.01
UF3 5*4 -3.55 -0.12 37 0.00
UF4 5%4 -11.13 -0.37 33 -0.01
UFS 5*4 94.89 7.42 9 0.82
UF6 5*4 78.08 5.76 9 0.64
UF7 1*3 4.45 0.66 5 0.13
UF8 3%4 10.06 0.11 24 0.00
UF9 2%4 76.52 1.22 16 0.08

Total 505.25 0.87 223 0.00
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Table 5. Range of diff. ratio in optimal interval

Block Optimal interval diff. ratio(%)
Max. Min.
UF1 1.53 1.18
UF2 0.06 0.06
UF3 0.08 -0.25
UF4 0.22 -0.49
UFS 8.10 5.32
UF6 5.32 4.42
UF7 0.98 0.73
UF8 0.31 -0.02
UF9 2.22 1.78
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