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Abstract

The human body composed of concave and convex curvatures, and the current 3D scanning technology
which involves inherent measurement errors make it difficult to extract distinct curvature plot directly. In
this study, a method of extracting the clear curvature plot and its application to the cycling pants design
were proposed. We have developed the ergonomic pattern from the 3D buman body reflecting cycling
posture. For the ergonomic design line on the 3D human body, the 3D information on the lower part of
four male bodies with flexed posture was analyzed. The 3D scan data of four subjects were obtained using
Cyberware. As results, the iteration of the tessellated shell was executed 100 times to obtain optimized
curvature plots of the muscles on the body surface, and the boundaries of the curvature plots were applied
to the design lines. Maximum(Max-pattern) and mean curvature plots(Mean-pattern) were adopted in the
design line of the cycling pants, and performance of those lines was compared with that of conventional
princess line(Con-pattern). The average error of total area and length in the 2D pattern developed from the
3D flexed body surface in this study were very minimal(4.58cm2(0.l9%) and 0.15mm(0.46%)), which was
within the range of tolerable limits in clothing production. The pattern obtained from the flexed body
reflecting cycling posture already included the contraction and extension of the cycling skin, so that the
extra ease for movement and good fit was not need to be considered.
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B Age Foft ggabe AlelE Aol 1@ o)A
== 200] B 4%101.om H AL AAF EAJ2 4
7 169.8cm(S.D +1.55¢m), A5 58.5kg(S.D +1.85kg)°|
th7 53 89.5cm(S.D £2.72cm), 312] 59 73.0cm(S.D
1091cm), G o)Ed 89.0cm(S.D +1.29cm)). 33H9 &4
2 Whole body scanner Model WB4(Cyberware, Inc.,
USAZ 3lg e, 3G Alol2g B A=
=57 WEF, e} FolE)o 4xrt 90°8 &
A= & sted <Fig. 1> o] S8

Y59 339 Ao ERE 7E Blg A
T8 1 Sy3ke AEE 48 23] Rapid-
Form 2004(INUS Technology, Inc., Korea)S A-2-5}
2}, Rapidform 20045 33 A ARE OF =
AZEJ R 571X 9] ZEHRE AFSIaL o).

front side back
Fig. 1. Posture of subject.

Rapidform 20042 ZEEZE <Fig. 2>9 7o) 1|
9] HAH (vertex)ell AH Ae F9 v+ 7
FEUHES ojE3led ALH3MH, Rapidform 20049 5
7HA 9] FEEX o] A9 WL <Table 153 2},

Rapidform 2004°] =& FHE o]&-3le] tiz}el
A2 "o ERlE 3, o] AAE BRlE 71E
o= TG F 7 J9& B £ElE 49
22 HHo g Ak AL A e 2C-ANCY
A3 9], 2005) Z22HS L&At FHstdE A
<2 Yuka apparel CAD system(Youthhitech, Co, Ltd.,
Korea)& AH8-3hed 2219 sjRl o2 gl sigit

IIL ¢47&3 3 &
1. ZEET M WY

AA ] A(raw) 27 FlolEE { Tlo]B & o] 7o
A lEd o] AN FES FAEH <Fig. 3>
Mgt o] Bwo|=Z A3 FW A ARS F
EFRE 32 & fich oldl wel, 3393 72
& FAEME B0 4E ZER BT

Table 1. Creating method of curvature plot using
Rapidform 2004

= )

Maximum curvature |k, 7F4 & 3574 0] S

Minimum curvature | k., 7P 2H& Z 531 o] &

kmax;"}' kmin %1‘9‘] ﬁgﬂ‘ :';1’_%_ % 0]%—
X (vertex) FH ol EA3= BE
FEUEY HAE ol %

Gaussian ] & ©]&3}o AME FE
wg ol %

Mean curvature

Average curvature

Gaussian curvature

Fig. 2. Method of creating curvature with Rapidform 2004.
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Fig. 3. Curvature plot of 3D human data on the
original skin surface.
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A FES £3589

1) M A (surface) 2} 2l (shell)2] &4

WA ZEEE7F Q% 3314 <A £ EHS
(swrface) 7=3F & o] A& EA}o] A2 H(tessellated
shel) 0. 2 #A G} <Fig. 4 A3 (surface) 75
% Bro)AA WE FAE 331 Hiole & BT

Fig. 4. Creation of the new surface and the tessell-
ated shell.
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£ B4 Zo|x, <Fig. 52 (b= ©lBT FER
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2 Cldgt SER X} 2] HES 128 i
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1) CloFst ZE =% SEY

<Fig. 6> RapidForm 2004E o83l 59 )&=}
of] tjate] Tl 71A] F-E (Minimum, Gaussian, Average,
Mean, Maximum curvature)® 243 2742 334
Aol EXcZ vebhd Aojth A4 22 Minimum
¥} Gaussian SEFXE Fe|7F 5385, Averagest

x>

(a) (b)

Fig. 5. Creation of the curvature plot and attachment
of the curvature plot onto the 3D body.
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Fig. 6. Various curvature plots using RapidForm 2004.
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ZABH T
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pattern®] -3 HWe] g EZIE 243 TSI}
HollMe H&Fa d39E 2¥ske Al &
°1 olgh= o] Mean-patterni} THET) 289 e
ok A FEFX o3 FAE YA #le o=
Fol| $Xste7tel uhel Yatele] LGS St A
4 $E 24N 2 I Aot 2519 34
o o3 QA o] LEF BES o= ¥ U
Q1 2Rle] o] @ B3 2Fo] HAIH X EtH 2
2 o] 7Tt

) SEEXE 0|88 3R+ HIO|E<Q] THE oY

<Fig. 8>& Alo)E d =4 s3sh= 33 vlr)9) 7)
FAE wE B8] M) BEE HAFE AoF,
£ 9= FH¥(back: 4271, S ¥ (side: 4327}), YA
(front: 42Zho]3ic}, 42 229 B Ho|8EL <Fig.
9>9] ()2 Zo] Yuka CADAIA ZFEUNSH, Yuka
CAD®| T4 12]718 T3 Fig. 9>9 ()3} 2ol A
o€l (back, side, front, f.thighy2 A1t} <Fig. 9591 (b)
oA front ¥+ frontS} fthighZ tHro] A2l &
ol M F-919] FERS}L A YA HEy By
P& shte] oz Aeg 4 §lgl7] wlEolth. o]
= AL1EE FolA QA Feje FAEARE W)

gslo] A g A s FE A3 2 Peolnt,
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S na

<Fig. 10>9] (a) Con-pattern:= 33+l Al con-

Fig. 8. Regional segmentation of 3D human data for
2D pattern development.

(a) Con-pattern

(b) Mean-pattern

(c) Max-pattern

Fig. 7. Drawing the lines on 3D human body depending on the curvature plot and conventional line.
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(a) Attached triangular patches of each part

front

T e

(b} Curve line using the S-pine

side

back

Fig. 9. Final basic pattern drawn by the Yuka CAD.
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(a) Con-pattern

(b) Mean-pattern

{c) Max-pattern

Fig. 10. Three patterns obtained from 3D human data depending on the conventional design line, mean and max

curvature plots.

et o—~Max pattern
< \—Mean-pattern

(a) Mean-pattem} Max-pattem2| Z%

,,,,,, ~— Con-pattern

(b) Mean-pattem} Con-pattem?| Z3&

Fig. 11. Comparison of pattern shape with overlapping patterns.

ventional design line®l] <l3] doidl 234l Hio g
A2 el dEdAL gl 9&7], Az
gpele . e A 98 ¥t s7R9) dEog
T EIAT <Fig. 10> (b)e 22 Mean-pattern®.
2 EHY AR o] FEd wEk F 5l iz
t}. <Fig. 10>9] (c)= Max-pattern©}t}.

<Fig. 11>& Mean-pattemn2 7] 522 Max-pattern
7 Con-patternS A ¥2 AL = Felo] Hel 2ol
€ 44 & 5 sk

ol Zol 3AH FE 2 UA FelE g v
& M€ 24 HE A 2 Bkt Fejrt Aolst
A ZZ2EE 4 5 e, Bel o} Ryl o)

Aol 44 Yool wHA oz 4N W
ge 7lss =L & ﬂom a 29}, Ee oleat
e 715t SEBELTRRY
weh chere 3544 qx}w P54 AN ek

0}835}0f 2x}io 2 I E ujeig

Con-pattern, Mean-pattern, Max-pattern®] 4 2 H]
W8 T3} 2T <Table 2>+ 42t w4 B8] 9]
& doixl 7 sEle] A, died Zo] HHoj,

<Table 3> Az} v4 sl oa) doixl 5g
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A, e Zolat f o] & WE-EE ¥ Zlolth & A0E () 244 #d do7t FokE e, (1)
Aok 244 Y Zolg 3349 BR Aoz & 249 HE A7t ARSE onidn. wEge
Table 2. Length and girth of three patterns obtained using triangle simplification (unit: cm)
Con-pattern Mean-pattern Max-pattern
3 A8 234 A1 2249 AHE 2449 AR
1282 &4 37.36 36.88 36.90
129 t0) 29 44.28 45.07 44.86
S1 BEEES 4326 4333 4371
HEHH0 46.04 46.15 46.10
QFE4] 7] o) 32.74 33.52 33.27
128 2 &) 4047 40.76 40.79
129 8o =4 45.65 45.10 45.17
S2 A EY 4173 4220 4222
EESS 45.85 45.85 45.82
orzAl 7] o) 37.14 36.77 36.92
125 =4 37.39 3731 37.24
1293059 42.47 .57 43.12
$3 HHX £ 42.15 422 4222
3270 47.25 47.31 47.27
B 3251 3223 32.39
1231g] 58 37.03 36.92 36.92
1295024 4334 43.98 43.24
S4 =] S 37.77 37.87 37.92
EESEN 46.39 46.54 46.64
otz 7)0) S 32.84 32.52 32.51
Table 3. Percentage and length difference between 3D human data and each pattern{Con-pattern, Mean-pattern,
and Max-pattern) (unit; cm)
Con-pattern Mean-pattern Max-pattern
uEE (%) Aoz BEL (%) ZHolz} HEE (%)
1252 29 0.70 ' -0.59 0200 -0.54
129 0] 54 -1.23 0.54 08 0.07
81 &2 57 -0.09 0.07 0.95
524 70] -0.45 0.22 -0.32
IEAde] | 063 -1.89 0.45 -0.30
1289284 | ... 040 - -0.98 -0.27 -0.20
129delEy | . 051 113 -0.09 0.07
52 S HR| S 0.34 1.47 1.51
EENPILS 0.04 0.04 -0.02
G470 0.60 -0.41 0.00
128 254 0.21 0.00 -0.19
1290l £ -0.65 -0.42 0.87
3 A g 0.00 0.12 0.17
g 2A) 710} -0.44 -0.32 -0.40
ERE 1.58 0.72 1.22
EEEd | 0.54 0.24 0.24
172990159 | -0.23 1.24 -0.46
$4 B -0.32 -0.05 0.08
EENED] 0.37 -0.04
eS| 1.26 i 0.28 0.25
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Table 4. Average of percentage and length difference between 3D human data and each pattern(Con-pattern,
Mean-pattern, and Max-pattern)(Calculated absolute value)

Con-pattern Mean-pattern Max-pattern oz b PR
Aolat B | wWEE | oA uF | wWEE | Loz | W Aol bk
(cm) (%) (cm) (%) (cm) (%) i g 3 P
S1 0.34 0.87 0.15 0.37 0.18 0.44 :
S2 0.26 0.62 0.19 0.45 0.15 0.36
S3 0.21 0.57 0.12 031 022 0.57
S4 0.20 0.54 0.15 0.37 0.10 0.24
ey ‘
Table 5. Comparison of area between 3D human data and each pattern(Con-pattern, Mean-pattern, and Max-
pattern) (unit: cm®)
597 3 g 33 B 234 By 0
Con-pattern 2391.90 2388.65
St Mean-pattern 2393.42 2391.50
Max-pattern 2386.82 2389.32
Con-pattern 2531.65 2524.98
S2 Mean-pattern 2527.30 2534.39
Max-pattern 2527.40 2523.42
Con-pattern 2306.61 2322.47
S3 Mean-pattern 2327.52 2325.11
Max-pattern 2312.06 2309.17
Con-pattern 2531.65 2524.98
S4 Mean-pattern 2243.70 2244.80
Max-pattern 223821 2231.30

o)A}t gk 32 Ho|E WrolF i 100 ¥t
Ttk <Table 3>014] Hi upe} 7o) 743 & o)z}
= ~0.63, +0.63cm%] T}. <Table 4> Con-pattern, Mean
-pattern, Max-patternt Z0]x}o} HESS AUjgte s
Wkt AP, e o3 FF& Ulgith

<Table 4>0l 4] B wie} Zho] Ajd oz =7te @
] ¥l Con-pattern®] T}2 Mean-pattern3} Max-pattern
B} o7t 28 o AT P A 9gt o
e B 0.19emA 3 WEEEE 0.48% AT

<Table 5> Con-pattern, Mean-pattern, Max-pattern
o] WAL v wd Ao APAzE ezt WA Ao]
© 3A gidh. & 7] U2 FEEX gt i)
A& dEA A Al 7R d"Ee] A, FEEE
A 2 AdPoA g HHzde] thE2A fiEe
7He dotir] 8 MARACZA MY HEHo]
olol Hrbe AE wHE3LAL ).

IV.Z4E % N

& DM 7154 288 HE Al oA
32 FES E]e] AT WHE At ol
o]-§38td T AAeAY] A 259 Fepoll o}
€ 38 ARE FEen ol tAelyrt HA
Moz Y &, Aol 5 e r dilste dA4
A RS AL 2ol we HdE AF s

() 57 3D AAE FEE Hrtstr] 93 33
& AN ML 3L ZAlola B AT
T B gusEiyoh dusks FEE¥ ] 945
ol w2} FeiA £ 5 o, 5P I
2 8o e e FF FES 088 b
ThEel AHEE < 90& Aol

Q) B FE FolA 2 I = Mean, Maxi-
mum curvature ¥ YR ZTAAH L 2RIE o]t T
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Zel Zel S HAEP oY ol& AR &83ly
&g AN B 23t FE BE Y Fee
gkx o, 231 XA e 3319 Q1A e AA|
Bt e3k= A Gtk Ht Zolxk= 0.15cm
(L2 B, 046%), B L 2FE 458cm’(23F B, 0.19%)
ok

(3) T3E 2T HHe FA) A 2902 A7)
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Y EFE £7H1.56cm, 4.40%)3HR L, HF5A Qo)
(5.29cm, 12.87%)$F 9&71701(1.29cm, 4.66%)7+ Z+z+
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