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Abstract

Recent development of 3D scanner and software is regarded as a promising method of acquiring
replicas from human body indirectly. It would be very helpful if we could predict the characteristics of 2D
pattern from the simple parameters related to 3D shape for ordinary user.

Therefore, in this study, investigation of 2D pattern of waist/abdominal area from the 3D geometrical model was
conducted for the pattern development of waist nipper. To create body models and develop the surface of them,
one of the commonly used CAD/CAM program, IDEAS(UGS-plm solutions, USA) was used. As for the size of
the models, the width, thickness, and circumference ranges of adult women's torso reported in National
Anthropometric Survey of Korea (1997) were used as a standard model. Seven size variations were made by
changing the width of the waist only, from 19 cm to 40 cm. Therefore, simulated body models include not only
the normal body but also obese body who has wider waist and abdomen width than hip width.

As results, it was found that the curvature-of the unfolded 2D pattern around the abdominal area decreases as
the waist width increases. As the width of the waist increases more and more, so that the comparative ratios
around the torso becomes in abnormal ranges, there appears inflection points and the direction of curvature
was changed. 2D Patterns obtained in this research were quantified by curvature, length of the curve and
angle of deflection in the reference frame box for the convenience of the actual pattern making process. It
was also possible to find that the shape of patterns of abnormal body resulted in a quite interesting change in
the curves of 2D pattern, which could be applied to the custom made waist nipper for obese women.
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<E 1> MH x%o} £8e| ul@ (@9 : mm)
Un) 3= | 27 92 (59 S| AAE

ks 287.8 222.0 804.3 816.8

EE) 251.9 185.1 690.5 716.6
%o 3175 255.0 902.0 902.8
I Breast width : 287. 8 mm
Height :
233, 3mm
Waist width ¢ 190 mm — 400mm
Height :
177.7 mm

Hip level: 317.5 mm )
<33 1> Y 8t £y XF

Average shape Extreme case

Upper body ———»

seven
variation

Lower body — &

Waist width 1190

<33 2> Y =§o| ol

Waist width :400

= FHol yrlet TA 9 A5 A8t @] g
AA =S AAIAY. <o 1> A =27
7k 98 & veRl £ Ao,

.27

CAD, CAM 832 23<] IDEAS(UGS-plm solu-
tions, USA)E ©]8-8lo] <29 2>olMAe A 5e}

<¥ 2> 20M| ol& Mol ojye| §a| Ly HX}

(24 : mm)

Age mean s mean-2s |{mean+2s| range
20-21A4| 233 18 197 269 190
22-244 234 19 196 272 220
25-294) 236 17 202 270 250
30-344 247 20 207 287 270
35-394]) 248 18 212 284 300
40-494) 261 22 217 305 340
50-594) 272 24 224 320 400
over 60 284 28 228 340
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Unfglded surface
Up to
the
From upper lower
breast level t0 Iinq of
waist level: vs.ralst
nipper :
100mm 150 rmrn
Upper body Lower body
<3y 3> Un 8 29e 2E
meshed surface unfolded 2D pattern
<38 4> 3x2 oA 2xhd FIH
SHRE Bl & F 57 Wulg TSR st 7t A7) st Zhzte] g R9E <2y 3>olA
zte] =3 A4 shsTh el uls} o] Bkl #Th B8 Aol T

A o) Wl W 22191 FdHolx ] W3l FeE
ohl7] g5t & P99 A g A7 &
g Yu|ghe 7aAZ EsE FUL 2 g <E 2>
o AA] =] et 190mme 204 /32 Fa-2s(F
ZFHxpolH 400mm= ¥ 43L& 7P 7 X geolTh

Qo) WHog AAE Ao} AT 2z 7/

2ol gele g BatakA] & FASF 2t A3
o] He HHE Ak BT

g2A BEE =¥ XU <y 4>olA B
e ZAAEY ruled-surface® THEL 15719 4bz} )
A2 Fdo) FA sl sty wojujo] 23+ el
AN ATt

ki3
=

(o]

L=
-

o
yu

-

=

=

o] 23 oA do|EE Yz ZE 7o XU
< 3> 3xt8l T¥e| 52l 4% X (&9 : mm)
Aed19 | Aw22 | AEF2S5 | AE¥27 | AEH30 | AT | FEF40
3DEH 9 7HE ) 287.8 287.8 287.8 287.8 287.8 287.8 287.8
3D 71 T 222.0 222.0 222.0 222.0 222.0 222.0 222.0
3DEE 71 E8 804.2 804.2 804.2 804.2 804.2 804.2 804.2
3D=E ) Wik vH] 232.0 249.1 266.2 277.6 294.8 317.6 351.8
3DEF ] Wik T 200.9 200.9 200.9 200.9 200.9 200.9 200.9
D= Wik 4 680.8 708.9 7373 756.5 785.6 824.8 884.5
3D=e] 8gl 1y 190.0 220.0 250.0 270.0 300.0 340.0 400.0
D=2 3z T 185.0 185.0 185.0 185.0 185.0 185.0 185.0
3D=F e 8l 2 589.1 6374 687.1 721.0 772.6 842.7 950.2
ThsolA 8] Fol 233.0 2330 233.0 233.0 233.0 233.0 233.0
AP PLRCEA TR 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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<E 4> 3xtel £Ho 32| sHF F (24] : mm)
=19 | E¥22 | H=Wes | =27 | BEH30 | =P34 | =40
3DEF ) &7 Uy 190.0 220.0 250.0 270.0 300.0 340.0 400.0
3DEE ] &g T 185.0 185.0 185.0 185.0 185.0 185.0 185.0
3D &g S 589.1 637.4 687.1 721.0 772.6 842.7 950.2
3DEE Y QYFo] uin] 298.1 302.6 307.2 3103 314.8 320.9 330.1
3DEF 2] QY o] T 2443 2443 2443 2443 244.3 244.3 2443
3DEH Y fdro] B4 854.0 861.6 869.2 874.2 881.8 892.0 907.3
3DE 9] Argo] L] 3175 317.5 317.5 317.5 3175 3175 3175
3D Ao EA 209.0 209.0 209.0 209.0 209.0 209.0 209.0
DS o] S 902.0 902.0 902.0 902.0 902.0 902.0 902.0
el dre] el 177.0 177.0 177.0 177.0 177.0 177.0 177.0
& a]olA QP o] mo] 153.0 153.0 153.0 153.0 153.0 153.0 153.0
3. 24 & 8ld, Aol #FgHe BES f9ddel, o
RS Jdie|2 BASAT

SPSS 11.0(Statistical Package for the Social Science)
S AR 33 =83 2xk SlEoA Ao g
TYE e HARHE Tt AR 4FE A e
8398 FE3L IANE 73 339 HelvEE
ot 22+ HEl-g FEs A
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FE 7502 AE g Al SIRES Wrlsow
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2.2D MIH HEOAMY HFE

AN 7zke) Aeg wima) 1wl jele) uu)sp
Aol wet Aol 7t2E Soluker AHeA 3
B)7k S E e sk Aol opizh 9 o)abe) 1)
oM Felrt watar. <2 s> se) 4R A

CHEelth 190-220mm7MA = 94 s A Boln

HAeo] F7IsE 2 300, 340, 400mmolAE z}zh
"ol Yehtes AL 4 F IdTh <y 62
FEshE A HEeZ 190-300mm7HR = HITH
ol tehA] e 21 340, 400mmol| A= HIFH o] A
AEE & F AAgT w8 FollA HIFgolet oA
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MAE B4 e dzbie] Aeg Qe 12
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220 mm

Points of
inflection
occur from
here

R E R S

<18 6> siz|-u #

9 2helst obef glelel 27} 147)e] Zhe

I A=E F4s <k

5ol AA| OP%{E}. <3

gelstal

5>0])

*340 mm *400 mm
2l HIHuHE

HE 190-270mm7HA = 4, 3 &4 ZA=7F BF
Aaste AFe Btk 2e 300mmiEHE 2%

st oA —7}3}~ Aol VeI S &
A9t} 312 SRR <E 6>l MAF sle] U
7} 340mme) Y v 2tert 24T SV F
2ol Lheldet,

IDEAS(UGS-plm solutions, USA) Z 218 gl
A 22 g 25 WX 9xE Bt S
& 91912‘34 I HEHE JIFEeR AFE WA
(FE WADH FHE WEGEE WEADE Ad Y
gkl 7 3} gpelo A A Btk el M) 2
He <ad 5>¢ <ag 6>3 7o dAEM 4

<2y 7> Yrta-slal s mEe| &, 5 2telel g4 - 8 JHY e <k 559 <& 6> 7153}
FHE A Qb <@ 7> 7H A gl 8 gl AHE U

<H 5> WIrl&-5a| 29 HEe| &, 3 2tele] F2(E 4= )
Linel | Line2 | Line3 | Line4 | Line5 | Line6 | Line7 | Line8 | Line9 |Linel0|Linell |Linel12Linel13|Line14
- Ak 359.8| 359.4| 358.9| 358.5| 357.9| 357.3| 356.6| 355.8| 354.8| 353.7| 352.4} 351.0| 349.5| 3479
3} 359.8| 359.3| 358.7| 358.2| 357.5| 356.8| 356.0| 355.0| 354.0} 352.9| 351.7 | 350.4| 349.1| 347.7
220 A 359.8 | 359.4| 359.0| 358.6| 358.21 357.7| 357.1| 356.5| 355.8| 354.9| 354.0| 352.9| 351.7| 350.5
3} 359.8| 359.41 359.0| 358.6| 358.1| 357.6| 357.0| 356.3| 355.6| 354.7| 353.8| 352.8| 351.6| 350.4
250 A} 359.81 359.5| 359.1| 358.8| 358.4| 358.0| 357.6| 357.1| 356.6| 356.1| 355.4| 354.8 | 354.0| 353.2
3} 359.8 | 359.5| 359.2| 358.8| 358.5| 358.11 357.6| 357.21 356.7| 356.1 | 355.5| 354.8| 354.1| 353.2
AF 359.8| 359.5| 359.2| 358.9| 358.5| 358.2| 357.8| 357.5| 357.1| 356.7| 356.3| 355.9| 355.5| 355.1
270 &} 359.9| 359.6| 359.3| 358.9| 358.6| 358.3| 358.0| 357.6| 357.2| 356.9| 356.4| 356.0| 355.6| 355.1
300 AF 35991 359.6| 359.3| 359.0| 358.7| 358.4 | 358.2| 357.9| 357.7| 357.6| 357.5|*357.6| 357.7| 358.0
3} 359.9 | 359.6| 359.4| 359.1| 358.8| 358.61 358.3| 358.1| 357.9| 357.7| 357.6 | 357.5 |*357.7| 358.0
340 At 359.9| 359.6 | 359.3| 359.1| 358.9| 358.7| 358.5| 358.4| 358.4 |*358.5| 358.9| 359.5 5.0 1.8
3} | 359.9] 359.7| 359.5| 359.2| 359.0| 358.8| 358.7| 358.5| 358.4 | 358.4 |*358.6| 359.1 0.0 1.6
400 A 359.9| 359.7| 359.4| 359.2| 359.1| 3589 358.9} 358.9(*359.1| 359.6 0.4 1.9 4.2 7.4
3} 359.9| 359.7| 359.6| 359.4| 359.2| 359.1 | 359.0| 358.9| 358.9| *359| 359.5 0.5 2.7 6.6
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<3 6> §{2|-Hf F

¢l miEiel o, 5t 2iele)

2o 2g

Linel | Line2 | Line3 | Line4 | Line5 | Line6 | Line7 | Line8 | Line9 |Linel0|Linell |Linel2{Linel3|Linel4
190 A} 0.4 1.6 2.8 4.1 5.5 7.0 8.7 10.4 12.2 14.2 16.3 184 | 206 | 229
3} 0.2 1.2 2.2 32 43 5.5 6.9 8.4 10.2 12.2 14.4 16.9 19.6 | 22.5
22 AF 0.5 1.5 2.5 35 4.6 5.8 7.0 8.4 99 | 116 134 | 154 | 175 | 19.7
3t 0.5 1.4 23 3.3 43 5.5 6.7 8.0 9.5 11.2 13.0 15.1 17.3 19.6
250 Ab 0.4 1.2 2.0 2.9 3.8 47 5.7 6.8 8.0 94 | 108 | 125 | 142 | 16.1
3} 0.4 1.3 23 32 4.2 52 6.3 7.4 8.6 9.9 11.4 12.9 14.5 16.2
270 A 0.4 1.1 1.8 2.6 34 42 5.1 6.1 7.1 8.2 9.4 10.7 12.2 13.7
&} 0.4 1.3 | 2.2 3.1 4.0 5.0 6.0 7.0 8.0 9.1 102 | 114 ] 126 | 13.8
300 AF 0.3 1.0 1.6 2.3 2.9 3.7 4.4 5.2 6.0 6.8 7.7 8.5 9.3 10.0
3} 04 1.3 2.2 3.0 3.9 4.7 5.6 6.4 7.2 7.9 8.5 9.1 9.6 | 101
340 AF 0.3 0.8 1.4 1.9 2.5 3.1 3.7 4.4 5.0 5.6 6.1 6.3 *6.0 5.2
< 0.4 1.3 2.1 2.9 3.7 4.4 5.1 5.6 6.0 6.3 6.3 *6.0 5.8 5.0
400 A 0.2 0.7 1.1 1.6 2.1 2.6 3.1 3.7 4.2 4.6 4.7 *4.2 2.4 [ 3585
s} 0.4 1.2 2.0 2.7 34 4.0 44 4.6 *4.5 4.0 3.1 1.6 | 359.6 | 357.2
&I E AZE?2
ABoA
2D WE 9 otz [ /‘ /
T 7
| | waiean
2D
H
=]
9}
M
=
— Wee(sae)
=81 ste = E R
St E?2 =0 2
<78 8> ®IU| mEe| JjEMI 2t £ YA
e Zloth, o) FE29 A - 8 FE28 9 A o|7} AA H YT
<3y gl 99 2RozRE AsH AE g <E 82 HeRE w2974 ahital =R
Bel8r] golalal 7)9lsted AAs s RMz 2 A7 Aee) 52A $2) Un) 7} 2k2t 340, 400mm
%9 Wy e vep et olge m WRHE B 4 Y.
< 7> Wl BARE A =52 A < 9> 1% vlsh el Unle) &, Woks U

RS SRzt B Xgroit). HEloM 9] X
220 A 23 sl om <a§ 8>olx Ho
= 71&E AHE L 2 " Aol Zdg wh oz A
ate] z}zke] X9l Mg &-ol5HA Ut <E 7>
A Bole AAY = WH7E 190mm(FEE 19)
oA 270mm7tAl = WZF o] glot, 300, 340, 400
mm7} H g o) W3 o] el A - 8} T A

Hlok 512 ynle] A}, 7k Luleh slE] 1qule) ),
27ks vrls} 5g] vn)e) vlE el Zlolx <x
10> o] vir|e} sjg] vnje] 2h, Ad o] 1w
o slg] yuje] &, go] vHlel slg vue vl
SgEo] vHlgk g vule] ¥ Yepd Zlojoh
7He |vIek 8] yuje] A, @rkg velet slE |
Hle} &}, ol vk 3] vnle) &}, Yol
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< 7> HItE-5{2] £9o =He M miEe] X4 (249 :mm)
BEF9 | =22 | AR | AR =830 | 4=E34 | =40
2D e 9] 7k 169.0 176.0 184.0 189.0 196.0 206.0 221.0
2D A9 A2 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2D JEe] 9] Zol(]) 170.1 177.1 184.2 189.0 196.3 206.1 221.0
2D HEle] F 9] o] (ole]) 147.2 1593 171.7 180.1 193.0 2105 2373
A A7 2] A 169.0 176.0 184.0 189.0 154.0 132.0 126.0
2 WA WY -14.0 -12.0 -10.0 8.0 -4.0 2.0 2.0
4 AR AN e 51 787.4 1057.9 1541.1 2133.8 3290.9 4352.6 5972.9
A 8159 7o) 170.1 177.1 1842 -189.0 154.2 132.5 1263
A WIBPorle] ZB2 - - - - 4324.7 1077.5 568.1
2 2F05 0| 7o) - - - - 420 73.5 94.6
3 WEg7x) el A 146.0 158.0 171.0 180.0 165.0 150.0 153.0
3 WEE WY -13.0 -11.0 9.0 7.0 -1.0 -1.0 0.0
3} {3 MY T 653.0 936.2 1444.7 2050.6 3420.6 4803.1 7078.9
3 TE159) o) 147.2 159.3 171.7 180.1 165.5 150.5 152.7
5} Mg M el F82 - - - - 2752.8 859.9 563.0
8 =8903.9] 7o - - - - 275 60.1 84.6
W -14.0 -12.0 -10.0 -8.0 -6.0 3.0 2.0
k) -13.0 -11.0 9.0 7.0 -5.0 -3.0 3.0
Zoj7t -23.0 -18.0 -13.0 9.0 3.0 | 4.0 16.0
<% 8> s{2l-ti F2lel =¥eo| M| W X5 (&9 : mm)

=19 | =¥ | =S | =27 | HEFH30 | AEFH34 | HEF40

2D #Elg) 7tz 209.0 212.0 215.0 216.0 219.0 2220 226.0
2D FEe] N 153.0 153.0 153.0 153.0 153.0 153.0 153.0
2D A9 T dol() 147.2 159.3 171.7 180.1 193.0 210.5 237.3
2D HE 9] F9) Zol(e}H) 213.4 215.3 2172 2184 2203 222.9 226.7
2} WAz 2] Ag 144.0 157.0 170.0 178.0 192.0 180.0 186.0
AWz EA 27.0 24.0 21.0 19.0 17.0 1.0 9.0
A HZY A ] 3479 451.9 603.6 742.5 1035.7 1466.0 2009.1
*J FE139 740] 147.2 159.3 171.7 180.1 193.0 180.5 186.6
A WP Ao} = - - - - - 1048.9 384.1

A 28059 7‘:_10] - - - - - 30.0 50.7
5t A2 7kx 9 Az 209.0 212.0 215.0 216.0 219.0 175.0 129.0
s HTA WY 34.0 31.0 28.0 26.0 220 12.0 6.0
3} W20 g ] 529.6 618.3 749.3 875.4 1173.1 1457.3 2782.5
st =2 189 7o 2134 2153 217.2 218.4 2203 175.1 178.1
3} oA 252 - - - - - 1891.4 478.7
3 2259 7o) - - - - - 47.7 48.5
£d1i 27.0 24.0 21.0 19.0 17.0 14.0 10.0
282 34.0 31.0 28.0 26.0 220 17.0 9.0
Eozt -65.0 -55.0 -45.0 -38.0 -27.0 -12.0 11.0

u) o s)2) Lu)e) 7} el o

ERU Rt

Mol vehde @ & ik % 7% Wt sl

Yol W), Wrbe WElsh se) ule) w),

ol

EREEEREEERCEERREREE DR
o W7k 1w} Aold W WsAel yehde o 4

AT}
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<® 9> 7k& UH|, YI7HE |2} 52| Hui2te] BAet HERE (291 : mm)
32} vl [k vl [k uel 2k iz el [arke vel-sled |7k welelel v |27k delele de)] e
190 287.8 232.0 97.8 42.0 1.51 122 -
220 287.8 249.1 67.8 29.1 1.31 1.13 -
250 287.8 266.2 37.8 16.2 1.15 1.06 -
270 287.8 271.6 17.8 7.6 1.07 1.03 -
300 287.8 294.8 -12.2 -5.2 0.96 0.98 le]
340 287.8 317.6 -52.2 -22.4 0.85 0.93 ¢
400 287.8 351.8 -112.2 -48.2 0.72 0.88 o}
<HE 10> YOl Ly, HAHO| Ly} 52l Hu[fe| Aot HIH (29 : mm)
A2 e | gl v | gigee] ) | 431 HH ”f:}%ﬂﬁf‘ UG PR as
190 3175 298.1 127.5 108.1 1.67 1.57 -
220 317.5 302.6 97.5 82.6 1.44 1.38 -
250 317.5 307.2 67.5 57.2 1.27 1.23 -
270 317.5 310.3 475 403 1.18 1.15
300 3175 314.8 17.5 14.8 1.06 1.05
340 3175 3209 -22.5 -19.1 0.93 0.94
400 3175 330.1 -82.5 -69.9 0.79 0.83 ¢}
DR S ok} A, Hotel ¥ A2 Foizte =39 glo}
e A A o Ll 3, ok WA 5 2 Mg ®
B S, Sl s Aok o] 2. o 2
o Sl £ o uul, 9 Sl HBE U
e S . WREe 93 F 4 WY Aze £y
Phecon < SHR WE/A, 39 91 Bds Belol ggle

W, 4 W2d Azs 239 9 A% sloje) v
sk Bde] ATk & WA l2e wH 9

<38 9> Ao chHSste HEMe £

3. 2K TOH 5 MEE 218 ohatofE A4 ofg]] WHl &}, =] ol ‘4‘3]/-,—771]9} o] U
o, 3 W] *ﬂi el Sl AL ol
3z o] v, T, g4, Fo| 5o BeivEE yH] zte}l #AHo| 9l T AN FAFHA 3
o] 2xkel HEl 2] 712 M2, o], FE 53} oW B 22 <F (1> %E}LH%EWI AmEe A 3
dAo] e A& Yolrr] 915k SPSS 11.0(Stati- =39 7t24 & A A 0.950] 0]t
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