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Abstract

In this study, we have developed the ergonomic pattern from the 3D human body reflecting cycling posture and
extensibility of the stretch fabrics. Adjusting pressure level in the construction of athlete’s tight-fitting stretch garments
by reducing the original pattern is a challenging subject, which influence on the performance of the wearer directly.
Therefore, in this study, relationships between the reduction rates of the 2D pattern obtained from the 3D human scan
and resultant clothing pressure were explored to improve the fit and pressure exerted by reduced clothing pattern.
Subjective wear sensations of the experimental garments were rated using a seven-point Likert scale on two consecutive
days. While wearing the garments, subjects were asked to take five different postures including waist flexion, sitting
and others. A Likert-type scale was used for the evaluation, with 7 points indicating the best fit in tight-fitting pants.
Comparing 2/3T-pattern with T-pattern, the latter was superior to 2/3T-pattern in terms of adhere well to the waist
and hip area in the 0.032 significance level. T-pattern was superior to 2/3T-pattern in terms of fitting and wear comfort.
As results, the pattern obtained from the flexed body reflecting cycling posture already included the contraction and
extension of the skin while cycling posture, so that the extra ease for movement and good fit was not need to be
considered. The optimized reduction rates were determined with the proposed reduction rate, the resultant pressure
range was within the range of 0.5~3.0gf/cm2 at eight locations on the body except front waist band and thigh band.

Key words: 3D scan data, flattening 2D pattern development, cycle pants, clothing pressure, subjective wearing
assessment.
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(Table 1) Characteristics of subjects

. Data of 6" Size Korea
Subject S1 S2 S4
(cm)
Ages 21 24 25 20-24
Sex Male Male Male Male Male (Meant S.D.)
Height 168cm 174cm 167cm 170cm 173.5(5.1)
Weight 60kg 61kg 60kg 53kg 69.2(8.9)
Bust girth 95cm 90cm 91cm 82cm 94.0(+5.7)
Waist girth 75¢cm 74cm 72cm 71cm 78.7(£7.0 )
Hip girth 90cm 92cm 88cm 86cm 93.3(¢5.2 )
= }él?;s:: ] 73:]'0:1?‘ -4541]—— 7<ﬂ6X]- 6]':'?0 ‘] ]Z,:& = UE]Z}}\&O] ‘l“)T:?Z —roé%%— Zj,'—g—o}—jl [F]gure ]]
A AR APEA ofF AAAF FAARE A1Fe B Be FH A4S Askn 339 202 Fst.

2 AR, 7= Fi 169.8cmE A=2.9] 173.5cmo] H]
3] AL Zrou} TFEH=) £5.1em M Wl ATk &
Al 9@ Fito] 58.5kge lAAGFZALe] FAIA
o] 69.2kgRr} Zgron, FAIX| o] HFHA} +8.9%kgS Ul
o} B A3 Hofsl uAxpr} ntE HFole o 2= 9
k. ¥ Adel NP} ARG BARR FEUR

ok ol lovt Bz AolF Ag N=g ﬂ%ﬂ %
& o x|&F o 72 Alo]EE AMEEgE Ao g m|Fo] AL
o|F AL 9B 3t 28y} @ uke ] Hrlo| 2

27 e Rolz 1A,

2. 3D scannerE 0|28t ClF| AZH 9l Al0|E Hx
=

&z} 4219 344 Whole body scanner
Model WB4 (Cyberware, Inc., USA)E 3}9loH, 3=}

==x]o
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(a) cycling posture of subject

F4 AAE Aolge Ao $4E TMsielon, 52

g9, yEERtws op) SR} 07 W
shlom, We F32E 607} w7l sheirk &
A S @A} A3 A [Figure 18] @)k 2ow, olst
22 Al T Alel 2R (=R, MTB, BMX) -l
o] AREE= AT 33k 2706l QA 1Al A
£ 52, 7laEd, s, whaarssles
g, "été =4, doel=d, %qﬂ%{%ﬂl, o7, 7
cZ=d, g=, 9, ohH ZdAzERI(eIEel,
W=, slElEde 28RS AV AEA), dFA
A, FFAd Solm, [Figure 1]9] (b)e} 2ol 270 - &
AlE AE ot AR NS ST 7120ES 9ok 2
AR AlolZ W= A 9 AHeE Aeke
Nylon(81%)3} Polyurethane(19%)¢] &8-¥ 2154 =&
2 213E(% fabric stretch)S- 28R 17.5%, 72

wraFollal 29.0%%ic

o
4|
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a: Upper waist line
b: Waist line

¢: Hip line

d: Hem line

e: C-Frontline

f: C-Back line

g: Crotch line

(b) Drawing base lines on 3D human body

[Figure 1] Posture of subject
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For, length reduction of pants except the pad part
(*12:3)

Sass dEe] F2

of =7t Al Ee P95 arefste] 71, AR W] ¥ Tw = X'x Sw

B 242 35tk =] 7lEHeke ddke] A135S X Distance from back waist to front waist —
U2 gkedste] Y F48 ST 2] 2-1). S 7F2 Length of pad

WEke] e S 1299028 dube] 7I2R3F A% Swr (% fabric stretch of wale) / 100

B2 Flo] Y 432 Asiolt). Alzeke sl=7}  Tw” Total pattern length reduction

BAEE P BAEA e ‘/]*1‘01/‘1 B3t

L), o wpde tew) pok AEakeE 2 JHJ]' 213} <Table 2>+ 28H7|2

o] Y A4S = dolo dke] AHES F HHOE, 2/3T-pattern Tiw o] 2/34WHE9] S4

o=

oéi

sfo] 25 ke % %o}oa FRori( 22), JH 2o
B Alole Are] ol o] o] vak e Faske 4
233} o] 435:9] Pl A= Zo|E Wl olol 4]

= W) ARES BF %S olgdtark

For, width reduction of pad attachment

Tc = Y x Sc (212-1)
Y: Distance from CF(center front) to CB(center back)
at the hip level
Sc: (% fabric stretch of course) / 100
Tc: Half body width reduction

For, length reduction of pad attachment
pTw = (X x Sw)2
pX: Length of pad

Sw: (% fabric stretch of wale) / 100

pTw: Total pattern length reduction for pad part

(22-2)

i

B3taL ool o5k 4 pTws tste] A= ?_Fo
o] ¥ Sade Aotk 71E Wi Sade 28T &
FJt). T-pattern2 M2 W3kl A Tw'ol pTw T3k 3134
7he WaFelA Te Sads I = ARSt SiES 4
sk, 2 Afe B4e 3 sHAe] 374 Hug 2
2k Rl o g Ahstgle = ofn| si|l ol A} =
27F E3hEoe] o] AP AF(Jeong, 2006; Ziegert &
Keil, 1988)¢}= o2 s S5 AAstlrh. o =
v VIR, AR9 *xﬂ ANAgo| gk 2/3 A
(2/3T-pattern)®} AA| Z23HT-pattern)S 2-8-3}5c}-
Z <Table 2>0l]X] Hi= ule} o] 321 270 dlolg]
2HE 2z2pdom dojxl IS ddolEult
45.07cmr1‘r 2. 2/3T-pattern [45.07x0.29]*2/35+2 sfjel
o] Z2~(8.71cm)H 1L, T-pattern [45.07x0.29] w2 =
Ho] £24(13.07cm)E o]0} dlth= AL oJn]dltias cited
in Jeong & Hong, 2010).

(Table 2) Pattern reduction rate considering the equation (2-1), (2-2), (2-3) depending on the % of fabric stretch

2/3T —pattern T—pattern
Wale pTw + 2/3Tw” pTw + Tw”
Course 2/3Tc Tc
Subject Each part Length 2/3T-pattern T-pattern
(cm)
(S1)
Pad length 32.98 [32.98 x 0.175]*1/2 [32.98 x 0.175)]*1/2
Wale Crotch
length-pad 46.69 [46.69 x 0.175]*2/3 [46.69 x 0.175]
length
Course Hip girth 45.07 [45.07 x 0 .29]*2/3 [45.07 x 0.29]
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=4e| Ege RelF 3.
ojuet Z4.e 107) #9lolA] Fabetelon, sei@),
Jrdol e, A (2 ), 3 ME(RE)e} &
(1) Bl 24k slelsh el s s}
MEdE w5 sl AN delke Sgsae
B, 71 S Sl et 1 9137 debdow 3
B WEolA 10cm Wolzl $17)o] 7)ol S48i9
o QFElZg ARk 7 el 13 302 et S5
ov, olugt dlolele 2% 1514 ZA=U 24 e
8ot vlole] F %71 Al7e] 3028 weln ehdshe 13

lo,

A, 5 % 60319 o589} HolHE BARRL A8
bolom, BUslAolxe) A%2lel Hloleelow & A
el dolelg HE vhel 13)9] dlelel2 Aelsheirt.
[Figure 3]& oj=e} 274 28e sk mgow, 93
A 3AE Fo Aol Slo] o, wE sEle] ¥
) $230918 Aol Qe sflelme 5o A
d12Ae 1oz o8 ge Ak g 54 A
3 @ke] A [Figure 3]oI4] B vlsh o] glike
AL o} el W, oewke g go 7R
AAE FAR RN SHSG ol A= 33
91 20 AAShE AR Wt oluje} Aol o8 2hg
A S 2915 AV 29 AAel olule] g
E7} o @ FHe=TtE e,
Agelse geelol ojg Al w4 MskE YA
A AgelE Az F uke sk

ol

a: front waist

b: middle front waist
¢ side waist

d: back waist

e: side hip

: back hip

g: middle front thigh
h: side thigh

i+ middle thigh band
j* on the stitch line

[Figure 3] Posture of subject during the Clothing pressure measurement
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(Choi, 2004; Jeong, 2006)2] =84 H7} A& T Alo]
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D} )\41,3_;]._ zl-_g_ 4];(4713,]_ ul-.Q/\Hq] J,]-zs]. A7 Lso].)J,]_
Fubztel] thek ZE (97, 28 A AE(6ED) 5
5 2270e] B S WA W 74 Aee
SFIEH(1-8] 28] epcks 2-ohAlE 194 3k 3}

2 ) 9k 4mgolrk; Srhk 1=tk 6jAE 1
), 7o 2w, 5 ofxe) Fu Prlol et §7

= Repeated measure® 331 oM, &5 -5 o] of&

A AAES uEdt T o' o(T-pattern, 2/3T-
pattern) ¥4 2o]H7HS 9|3k A2 [Figure 4]9F 2
2 AR o] Follth AL HEle] Fago] e F
o]E(A: 2/3T-pattern, B: T-pattern)2 o]E-o]] Ax] F ¥
whEste] u| A} 4ol A FHA AE v FPsiale
™, &5 5o 284 e flal v oL &5 F
oAl gk W SR 28-S kst

[Figure 4] 9| §7te] 4| Aol Fa4 2ol Z7}
E Fs AP A A3 A S Bl 9tk
RE I32k= £F €7 A(chamber)oll Ydstr] A

£ 3tk 7)&0] 23£3°C, A &=t
55£5%21 B S Aue JAste] 1027t 725

i

¢

EE SERE
B 7 2 AFA FEE=A A= v wSF i
@ % 3w AAelue Rl P Age o) > A SESPAE vEsEion N
ey = test)2] Wilcoxon Signed Ranks TestE G~3)5}o] 2|57}
2o 289 ¥ [Figue 5ot 2ol @ Mo, B gz & 07 & skl <%
i i Obtained
High Jump Resting 10min at the standard Weariljna%{:sycllng = subjective
10 time condition  (23+£3%, 55 +5 RH%) (first pants) sensation
Obtained Exercise cycling Obtained Wearing cycllng
subjective @K during - subjective - pants
sensation 10minutes sensation (second pants)
T subject Subject 1 Subject 2 Subject 3 Subject 4
day T~
First day A-B-B(E) B-A-A(E) A-B-B(E) B-A-A(E)
Secondday B-A-A(E) A-B-B(E) B-A-A(E) A-B-B(E)
A=2/3T-pattern B=T-pattern (E)=Exercise
[Figure 4] Experimental protocol
Outstretched Raise up reach onthe wg?s?t(:i:g ;Lo:;g:p:e Sit downand
arms his arm ground standup

angle

[Figure 5] Five postures for the wear sensation
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47}
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el el 2R e ol 249 RS £Ae) AF 0
g0l wje} 27k 584 4ele] <dAdlolElE FlEo R 5
B8 5 7}A](2/3T-pattern, T-pattern)= <2~3}ic}. A&
< Yuka CAD®] short cut #2022 2431 Zlo| [Figure

) O-pattern

f | ‘H . (original pattern)
Vil N [
:_.................T‘.\;\M\ RN 1 ” [
\ LY

1 W TN K &
“\i 2/3T-pattern
T-pattern

Back Side Front F.thigh

6]olct. »3A &
original patternollx] A
o2 19.33%9] F4E&S Hlow, T-patternol|d A=
FollA] 12.63~14.01%, 7H23akolA] ok 29.00%:2]
& usleh. el A A
sl Wiy, 2/3T-pattern oF 28%2] W4 482 X
= o™, T-pattern oF 40%2] FA4&S H I
£ el Aolg Mzel e 102019 ougt 24

o o)

ZH}SEO &

0 0 —

S B, o Akl we} o]ESto] W3t
= T} <Table 3>2 2/3T-pattern} T-pattern®] o]E-<}
H-e HojEr)

2 218

+e] z}oli= ot 2/3T-pattern
10.1~10.5%, 7}=H3k

H =

v

o oJ5t 7} jele]

[Figure 6] Pattern grading for each piece with various reduction rate and developed cycle pants

(Table 3) Statistics analysis: Mean and St, Deviation of clothing pressure of 2/3T-pattern and T-pattern (gf/cm2)

Locations Pants type N Minimum Maximum Mean Std. Deviation
Front waist T-pattern 4 155 435 2.6626 126347
2/3T-pattern 4 0.69 1.59 1.2358 0.39876
. A T-pattern 4 0.65 147 1.1861 0.38031
Middle front waist | 3 em 4 0.50 1.46 0.8225 0.43678
Side waist T-pattern 4 0.71 241 1.7140 0.77755
¢ wais 2/3T-pattern 4 1.07 1.52 1.3891 0.21395
Back st T-pattern 4 1.09 3.6 2.0390 0.91777
ack wais 2/3T-pattern 4 1.78 3.43 26118 0.70685
Side hi T-pattern 4 0.29 0.99 0.7028 0.30809
¢ p 2/3T-pattern 4 0.43 0.94 0.6863 021075
Back hi T-pattern 4 0.54 0.94 0.7516 0.19145
ack up 2/3T-pattern 4 0.40 0.72 0.5773 0.15196
. . T-pattern 4 1.03 157 1.2383 0.23094
Middle front thigh = e 4 0.76 0.97 0.8676 0.08508
o T-pattern 4 0.66 1.74 1.0878 0.46582
Side thigh 2/3T-pattern 4 0.62 0.94 0.7241 0.14765
. . T-pattern 4 311 521 42043 1.02476
Middle thigh band = 4 347 5.12 42941 0.76279
o T-pattern 4 0.83 1.69 1.1796 0.40770
On the stitch line 2/3T-pattern 4 0.45 0.93 0.6805 0.19587
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o] o)mgl HWitg AT, SUANIE Hlo]
A T 98 B 22 9B HEd, T-patterne
4.22¢flent’, 2/3T-pattern 4.29gflem’2 79 §AFE+
th ol AN =T F o&o ARg-E w FAg o]
2 AR Eo] 22 oE8SE HAdS & U FHA|
W= Thgow oluet Hite] Fe ¥t HslZneld
=4, T-pattern7} 2.03gf/em’, 2/3T-patternz} 2.61gf/em’
Sk 7 W= 247 107de] BE AH-e] o &5t Hd
3, T-patterne 1.68gf/em’, 2/3T-pattern< 1.39gf/cm’
2 T-patterno] 2/3T-patternEr} =& &S Hoy
1.63gf/em’, 1.38gflem’® F 98l 25 Szl )7} =
= olugto] opd e o % ik ©|E]ke 23T-patternh
T-pattern 2.5 3JHAMME=E A 9)3}aL oF 0.5~3.0gf/em’
HeIbel om, F 9

X

—

I Aee o 5
=

T

kil AR e
%089 TEH g 2 APELE shdo), %
qhe m2i A voh B2k whdet ojEAlzto] 28
Aol f2l 5 4eS o Yk 5 F A 5
ZegFo] 7h=HkaE Zlolol|A] 10%(2F 29% ~F 19%), A2
HaE ZolollA] 3.0%(CE 13.0%~2F 10.0%), HH oA

12%(2F 40%~2F 28%)= 2 zlol7} ¥igto e FEe
2k apolg BHdg & 5 Ak

<Table 4>t 9l Zxgo] thar AgH F Wzt

Sjugte] B Aol & 4 ek sl F7HA,
GEHA]|, &7)0llAM F2l4<F 0.0683 ] F W=7t o5t
zol7b AR o4 4 UASdTE FslEl= T-pattern©]
2.67gflen’, 2/3T-patterno] 1.24gflem’e] H2 RO,
Z715|9 A= T-patterno]  1.24gflem’, 2/3T-pattern©]
0.87gf/lem’, A&|HA= T-patterno] 1.09gflem’, 2/3T-
patterno]  0.72gf/er’, <7]= T-patterno] 1.18gf/ent’,
2/3T-pattern©] 0.68gf/cm2% Hc}

B A ATe} Jeong(2006)2] AAFAS] 321 A ©]
olHE 22kl g o= st & Y FAEE thds)
A ALste] dAygr Aol Hlwebd v 2k
Z-pattern2 Ziegert & Keil(1988)0] Aokl HIH(A= =
2o 12Tw, 71 222:1/2Tc)9] "l o)™, 3T-patterne A
2 227V 120w, 71 247} 23Tc 2, F o859 o
B 24gflem” Gk F 0B o] £488 B J7HG
= vEpS &

v
X0
4%/
o
=

(Table 4) Statistics analysis of clothing pressure depending on T-pattern pants and 2/3-pattern pants

Test Statistics(d)=(2/3T-pattern: T-pattern)

Z Asymp. Sig. (2-tailed)
Front waist -1.826a 0.068
Middle front waist -1.095a 0.273
Side waist -0.730a 0.465
Back waist -0.730b 0.465
Side hip 0.000c 1.000
Back hip -1.095a 0.273
Middle front thigh -1.826a 0.068
Side thigh -1.826a 0.068
Middle thigh band -0.365a 0.715
On the stitch line -1.826a 0.068

a. Based on positive ranks.
b. Based on negative ranks.

c. The sum of negative ranks equals the sum of positive ranks.

d. Wilcoxon Signed Ranks Test
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3D A7ZH Cf|0|E{E 0|23510] 7Het=l AlO|E

WX mjHo] S480 WE oj=er 9 FuN o Bl 9

2. 25 M IjH F2800 g F
x|

57 2/3T-pattern®} T-pattern®] FH2 H7|2 Ay
B [Figure 7], [Figure 8], [Figure 9]¢} 2t}

[Figure 7] 28 24 st3Afol theh 34 3
712 HolFa 9tk T-patterne 329} ol 1-?__?,]7}
ZF 2T ks oA 2/3T-pattern B} 2|42
(p<0.032)¢llX A B7F HJArk T3 Fofxtol= ‘éiM
O1} T-patterno] &2 7917} 2k W=bw|31 28 =7t
o] Fohal HiEQICE =S ofFe] urEAex =

T-pattern©] 2/3T-pattern Bt} %-9+a]2)7F & @4 Ugle
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