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Subjective Wearing Assessment and Clothing Pressure depending on the Pattem
Reduction Rate of Developed Cycle Pants Using the 3D Human Scan Data
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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

T

Data of 6 Size Korea

Subject S1 S2 sS4 o

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 )

B 430 Fofat wHARE A6} s=el olAArz = Wato] 9503 Alzt 22odre 223l [Figure 1]
A Ame) APEAG o7 QAT EANRE JlEe T 2e FH ANE Aok 349 20 FA5.

2 AR, 7= HFE 169.8emz A22] 173.5cmol] 1]
& A Zot FEAZ} £5.1em MY Woll ALk =
FAE A@qA; Feto] 58.5kg= AAX|FAF] FAIA|
o] 69.2kgHt} ko, TAIx| o] TFEHA} +8.9kgS Wl
oL} & Ajde ofgt 9 @At nlE AP & F 3
ok B Age] FE At A x4 AR FEHA}
o= Hlou Qo) Ha AlelE H§ d=E 283t 7
F 9 X&H o7 Alo|ES ARESIEE HOoZ n|Fof A}
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2. 3D scannerE 0|2%t QIx| A U AlO|Z ™
M=

|24

IR} 4219] 3%
Model WB4 (Cyberware, Inc., USA)E 3}9loH, 3=}

=22 Whole body scanner

(a) cycling posture of subject

A Al AbolE ™ Aol E2E 7MdE e, sl
4=, FEEHAES} o =57t 907 =7
shlom, B =2t 60°71 HA| shelek. 2 Aol
A @A HE A= [Figure 1]¢] (a)o} 22w, olg}
B2 AT TSR AlER(ER, MTB, BMX) #-&9l
Wol ARE-EE= AAISAEE. 33k 2700) A 1A ol AT
H @5 524, 7k, deed, viaarssies

!

4, golEd, WrtelEa, WekelFrEe, oA,
SFE, JBE, DA, ¢H ZeAseklep el

E89 258 Ave AR, S
A, 2 Soln, [Figure 1]9] (b)e} o] 27 %
Al As we A3 HE S 71RAS ¥tk
2ol AbolF =g Azslr] s ARE 9
Nylon(81%)3} Polyurethane(19%)¢] &89 2154
2 AIE(% fabric stretch)-2 A28kl 17.5%, 712
HFgkoll A 29.0% 3tk

o lElO e fe

]

N

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, width reduction of pad attachment

Te = 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)

For, length reduction of pants except the pad part
w = X ’'x Sw (2]2-3)

X" Distance from back waist to front waist —

Length of pad

Sw: (% fabric stretch of wale) / 100

Tw’: Total pattern length reduction

<Table 2>+ 282 4 e dde] 45 4
Ao =2, 2/3T-pattern Tw o] 2/3FHZ0] Z4ekS &
g3lar sf=olo ot ZA4w pTwE tlste] A2 W
o] F FA%E Hsrh 7HE W] 4 28Tc =
FAt). T-pattern A= W3kl A] Tw ol pTw T3k g3
7t2 eFelA Te HA47s AR AREst] HEls S4
ahoich. 2 Ade w2 A @A) 33k HJRE 2
4 Ao g et om g ojn| IE o A =
27F xgEoe] 9lo] AP AT(Jeong, 2006; Ziegert &
Keil, 1988)e}= th2 o8l FA43S A3 " =
e IR, AR A Vsl o3 23 4w
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5 <Table 2>9|A H= v} o] 3314 270 dlolH
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in Jeong & Hong, 2010).

L)

i

(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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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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& F 2 WA ARRE Aeslalr) AU e © | S AR HESRA T EAnon pnmene
el = i . . test)2] Wilcoxon Signed Ranks TestE =345} 2]&31
2o 289 F [Figwe S)o o] B Wep), @ gz & 7 gn Faetel ol
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 cycling
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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B8 5 7}A](2/3T-pattern, T-pattern)= <2~3}ic}. A&
< Yuka CAD®] short cut #2022 2431 Zlo| [Figure

O-pattern

H . (original pattern)

6]olct. H3x} W= oF7te] xjol= 9l ot 2/3T-pattern
original patterneilx] A=EFO = 10.1~10.5%, 7F=2H3F
O & 19.33%2] 485 Hon, T-patternol]d A=
Follx] 12.63~14.01%, 7F2raFollx] oF 29.00%2] Za&
< Btk d|le] 712, AR Ea4gd] o3 7 gidle] |
Zisks B, 2/3T-pattern oF 28%°] WA 485 B
gom, T-patterne °F 40%2] =48-S Hrh

% 250 Aol2 Mz et 102e] oj=gt =3
ANE BHH, o FAFkd| wet o Esto] wWalghe o
2+ it} <Table 3>2 2/3T-pattern} T-pattern®] ©]E<}
Bite HolF,

\ |
\ [

A -T\'\;a\ 4\ ........ 1
\ ‘\___\\ Sl
| \\\\.Q. ) \/‘ Z_{J‘:
“‘\2!3T-pattern
=\ T-pattern
‘\/_; -\
Back Side Front

[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)

Fthigh

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

oj 5ol BAIA AfolE B 4 Qlvk o], XA,
|, £7]9A4 frolgF 0.0683}el 7 H=ZT o Eq}
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Z715| A= T-patterno]  1.24gflem’, 2/3T-pattern©]
0.87gf/lem’, A&|HA= T-patterno] 1.09gflem’, 2/3T-
patterno]  0.72gflerm’, £7]= T-patterno] 1.18gf/ent’,
2/3T-pattern©] 0.68gf/cm2% Hc}

B A ATe} Jeong(2006)2] AAFAS] 321 A ©]
olElE 229l HH o= A §F ol 485 viest
A ALste] dAygr Aol Hlwebd v 2k
Z-pattern2 Ziegert & Keil(1988)0] Aokl HIH(A= =
121w, 7}2 F42:1/2Tc)2] s o], 3T-pattern Al
Z27F 12Tw, 7V 22071 2/3Te &, 5 989 oH
2~gfiem’ §it}. & olEe] Z48E B A7HT
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=20 =
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=
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fl
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She o] TE JERES

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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T-patterno] 2/3T-pattern2c} F-25]2]7} @ 97 W&
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, 29 7 @ EdsitiaL skl

[Figure 8] 2/3T-pattern®} T-pattern®] ¢Pukzho]] o
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