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Abstract

There are relatively few studies on functional and appealing armhole lines of a blouse761, due to the complex shape
of the shoulder and armpit. In this study, we investigated the functionality of eight different armhole lines, using human
subjects as well as virtual fitting. The primary goal of this study was to determine which armhole line is suitable
to the movement of a shoulder joint with an acceptable appearance. Next, we studied whether subtle differences in
armhole lines affect the shape of the blouse in 3D virtual space. Finally, we analyzed if the wear test evaluations
for mobility matched the corresponding shape deformation observed by the displacement of reference points of the
3D virtual blouse. We observed that the amount of displacement of the reference points as shown by 3D virtual fitting,
matched the wearer’s evaluation of the functional aspects of the blouse during shoulder joint movement.
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100 % ¥hedstAls apAwtk eho g o] 7hs/de) 2o 97t
o] 2857} E=3o] AALE vl 9ltk(Lee & Lee, 2013;
Shin & Sohn, 2013). 32191 7Pdakel= ol &-2] v EA
gk Prpdyozs &85 o] gkom(Ashdown et al.,
2004; Bye & McKinney, 2010; Chen, 2007; Do & Park,
2010; Han & Jo, 2000; Lee, 2010; Song & Jo, 2009;
Xu et al,, 2009), HToll= EHLTE 7R AHRES
gk S5 4k Eok= wAalo] Al Jti(Chen et
al., 2008; Daanen & Hong, 2008, Rudolf et al., 2015).
e, 7P AAESE EelFe s on] Al
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(Table 1) Primary and derived pattern variables of eight experimental blouses

Variable

a (cm) b (cm) ¢ (cm) d (cm) e (cm) f(°) 2(°)
Pattern
Pattern 1 14.5(-) 20.0(+) 16.5(-) 18.0(-) 14.5 25.8(+) 22.5(+)
Pattern 2 14.5(-) 20.0(+) 17.0(+) 18.6(+) 14.5 23.6(-) 20.5(-)
Pattern 3 15.4(+) 18.0(-) 17.0(+) 18.0(-) 14.5 23.6(-) 20.5(-)
Pattern 4 15.4(+) 20.0(+) 16.5(-) 18.0(-) 14.5 23.6(-) 22.5(+)
Pattern 5 14.5(-) 18.0(-) 16.5(-) 18.0(-) 14.5 25.8(+) 22.5(+)
Pattern 6 14.5(-) 18.0(-) 17.0(+) 18.6(+) 14.5 23.6(-) 20.5(-)
Pattern 7 15.4(+) 18.0(-) 16.5(-) 18.0(-) 14.5 23.6(-) 22.5(+)
Pattern 8 15.4(+) 20.0(+) 17.0(+) 18.0(-) 14.5 23.6(-) 20.5(-)
E ™ \‘\:GW i * Primary pattem variables
E \‘: (a)-Back shoulder length
i i (b)-Width of upper back
53 @ © i (c)-Depth of front armscye
AU S——— .1 34 — - ¢ Derived pattem variables
i ® E E (d)-Depth of back armscye
| | (oo shoude leng
bt i i (H)-Back shoulder slope
e | | (Frone s s

(23cm)
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st

3390 skl opte} Ajolzi Al 73 Alol= T
oF 200 Zw o} oz WAL H(Table 2,
Figure 1 (a) 9122, 2ho]4] ofubele] B2-e- [Figure 1 (a)
ol wizvls} o] 4 RN B4 125
Zo] YA 90N= WAt 7Pdzke] skt 8%

of Behgs Thdae] e [Figure 1ol miwls) 2
o] EUT ROz Asor, Aerte] HUw] np

Zho] Ayt gk e 821s Haslsr] $Jst
HolE BE AL Zeaw ye] AEAZAL o
gateicy. Beles AEe Alel WSy 98k
arrangement pointsE ARSI O™, 7EEY FHY 4
A5 ARESY] HEe Asul Y sFeltk(Figure 1 (b)), 2
T o GHE TP BAIGE & AFs o R PRl E
AABF o™, ARR-E Al CLO Z23elA Algst
= 71241 He g AAslth(Figure 1 (b)).

2 149 o] 7Pd=ke] WhHe [Figure 1 (c)]ollx] B

_&ﬂi

(Table 2) Characteristics of subjects and the avatar used in CLO

Measurement target

ltem Subject size Avatar size Size Korea

Bust Circumference (cm) 84.1 (£1.0) 82.9 84.1 (£7.0)

Waist Circumference (cm) 67.2 (£3.0) 69.5 70.9 (£7.1)

Hip Circumference (cm) - 91.4 92.7 (£6.2)

Chest Circumference (cm) 83.8 (£1.0) - 85.0 (£5.8)
Weight (kg) 52.7 (#3.1) - -

Stature (cm) 161.8 (£5.1) 160.4 160.9 (£5.2)

Cervical Height (cm) - 135.7 136.4 (+4.9)

Waist Height (cm) - 97.4 97.3 (#4.1)

Shoulder Length (cm) - 12.0 11.5 (£0.9)
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(a) Avatar size and 3D virwal fitting motion

< Avatar size>

=Maotion (== <Motion 1>

(b} Virtual fitting process of blouse in shoulder joint extension (motion 0)

<Blouse pattern amay using arrangement poins automatically=

{ch Viral fitting process of blouse in shoulder joint flexion (motion 1)

<hotion | avatar + motion 0 blouse>

<Rearrange Overlapped front nght blouse>

<Blouse to be wormn again=

[Figure 1] Virtual fitting process of blouse in a standard standing position (Motion 0) and
90° horizontal adduction of an arm (Motion 1)

= wls} ol F4 12 @ ofuleto] vle) A4 F4 0
(BN T Holg ek Belech ofn Be £
o] Beboos Qo] WO T SoPrh] we] of
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o] YES ko OJFAITE 1 F /M3l AT
spe, e SfEe] by Hele W Ao s &
7} A4g 44 ob Erk(Figure 1 (<))
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o X

B2 1(Ze] 35Ul 90)Y uf Hals #EEig) ol
el ke AEEda B Akgd ol lEdS
[Figure 2]olld Hi=ule} o] Holslqir}. U=+
(front armpit point)& F HFHo] wWalsE= Hog A W
A HEL QA Ao 2 RE JHe HPolsetHr A
oz dEgode] = Ao o A=ZHW(front
armpit plane)S A8t + HA PH wgo =R
B ol 53l Axrgo] ol Fitolx] FEwsld
ofaf Aol oJFA = Aol FHe Ao, F
o] WAEE AHS dA=FHoz stk H
A= (back armpit point) JA] FUg WHO = ok
o, HollX HPolFog PFUS o)F3EM UERFY

o g 5 7A=zgd(back armpit plane)S YAIE F
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WA AR s wAtEE A oR Aokt of
74 (shoulder point)2 o A=eA¥} ¥ Aszbde o
S23R= HW(bisected plane)S A3 T oA 3P
o= Hug ofFshuA oiEs Aus B Au=
nxpdo 2 Aol J&-H(side neck point)S A
A Reg ghs uf B3} oirt vhiis o= Aeolst
et

Aefe 7ol Ao A7l shte] oputels &8st &
ghe2o] FETTZ ‘01—3— BrretaeH, geje opatet
71N, FA=ZAH, AA=THE)=TEH FAHA
A 7P| g Bekese F=dolE SHsHH:
olulete] A=wrdd) 2tejd Sekeo] HsEd A7t
g2 el el wet AsEart v 7] wizel Az
SgHE vt ol skt o el s=71ele
opatete] o elx YE(FA) o2tk HolXl Ags =
geklen, ok A=A § A=sde] =7ge of
uie} 7l ol Za(R)Edesrt HojXl Ags &
gt Sick(Figure 2 (a)).
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Aet7] ekl 2 0CgAA oA T2 1 713 ¢

*_ Bisected plane

(a) Lateral

olsdS SISt o] W ARSE VEHS oEe V)
F7H o2 [Figure 3 (b)]ollA] B n}le} o) °]’H]'Elr94 4
54, oNEH, Acddidolxe] 72 F £ olF s

72} 2789k,

m. 23 9 v

g

. 22942 FHolgot ZAx

1) A zejsgzt

$4 4] Bepero] W] Wel Lebks ol5He 9
Hah QFAANN S A3t B2 20) A3 G W
of olFFS Aslaha Bekyr BF 7o BF foluld

2}o]E B9tk Table 3). %2 (motion 1: 32 2] 4
Wd 90 )e & A% dE 4 Bekeat Ak g
o] Wetoll olFako] ztzt 1.80 cm, 2.27 cnz 71 7
2 ol F S HIrKek: p<0.001, FA: p<0.05). &=
2(motion 2: FEGHA 90" + BEA] P 90" =9

Lateral Neck

(b) Antcn’bf’

[Figure 2] Reference points and plane defined in this study, to observe the effectiveness of
the 3D virtual fitting

{a) Distance of garment along the reference axis
from the reference point of human body model

® Reference poants{ front and back armpit point, shoulder point)
—= Distance of -way between human body and clothing

(b) Displacement of armhole line during
shoulder joint flexion

| Armhole during motion |

Armhole during motion 0

—= Distance of movement during motion

[Figure 3] Distance of garment along the reference axis from the reference point of human body model, and
displacement of armhole line during horizontal adduction of an arm
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(Table 3) Results of repeated measurement analysis and Duncan’s multiple range tests for the displacement of
hemlines of the blouses during 90° horizontal adduction of an arm in the wear test

(unit: cm)
Pattern
Location of measurement F Sig.  Duncan
2 3 4 5 6 7 8
Motion 1
F i 51 383" 369 1.80"  3.71% 341 316Y 456
ront waist 35 3.83 3.69 80 3.7 3 3.16 56 5452 0.000 a<b
mean (SD)  (£1.83) (*1.71) (£1.72) (*0.98) (£1.31) (£2.06) (*1.50) (+1.34)
i 236" 237 279" 227 293 291" 3077 291* .
Side seam 36 37 79 7 93 9 3.07 9 2201 0.045 a<b
mean (SD)  (£1.75) (@1.64) (£1.50) (@&1.44) (£1.51) (£1.96) (*1.63) (+1.62)
Motion 2
Front waist 537 559 607" 359" 584" 496" 534" 657 \
ront wats 2965 0013°  a<b
mean (SD) (£2.04) (F2.57) (#295) (H2.21) (*235) (#2.50) (£2.35) (£1.67)
Side seam 3.89 3.50 477 3.57 4.03 391 341 3.81 1544 0.179
mean (SD)  (£227) (£1.50) (#2.11) (*1.57) (242) (#226) (£1.55) (2.07) '

£p<0.05, ***%p<0.001
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(Table 4) Results of repeated measurement analysis and Duncan’s multiple range test for subjective evaluations
of experimental blouses during horizontal adduction of an arm by 90° (Motion 1) and horizontal
adduction of two arms with elbow joints flexion by 90° (Motion 2)

Pattern
Location of measurement F Sig.  Duncan
2 3 4 5 6 7 8
Motion 1
Front bodice 8.14*° 800" 629° 9.00° 7.71° 8.00" 7.00*° 5.57° .
3.103  0.010 a<b
mean (SD) (248) (2.52) (221) (1.15) (2.81) (1.73) (2.16) (1.81)
Armpit mean 657 643 657 157 686 657 714 6.4
1364  0.246 -
(SD) (244) (2.51) (1.90) (2.57) (2.19) (2.15) (1.68) (2.34)
Back bodice 771 786 771 914 771 7.4 800 743
1365 0.245 -
mean (SD) (1.98) (2.41) (2.14) (1.21) (1.38) (227) (2.00) (2.82)
Motion 2
Front bodice 657" 6.86° 643" 757° 629 6.00° 5.86™ 4.29° -
3.748 0.003 a<b
mean (SD) (1.81) (227) (1.72) (1.90) (229) (1.63) (2.27) (1.11)
Armpit mean 557 586 529 757 58 586 614  5.00
1.872  0.099 -
(SD) (1.99) (1.86) (1.80) (2.30) (1.57) (1.68) (1.35) (1.91)
Back bodice 7.14% 557 520%™  814° 571 657" 657" 4.71°
7464 0.000”"  a<b<c
mean (SD) (1.68) (1.72) (1.60) (1.95) (1.50) (1.99) (1.90) (1.70)
Overall wear comfort 7.00*™¢ 6.57*™ 6.29*® 829° 7.14™™° 729" 643" 529 "
4376 0.001" a<b<c
mean (SD) (2.71)  (1.99) (1.80) (0.95) (1.07) (1.11) (0.79) (1.38)

£p<0.05, **p<0.01, ***p<0.001
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(Table 5) Distance from the three reference points (shoulder, front armpit, back armpit point) of virtual blouses
worn on the human body model in a standard standing position (Motion 0)

(unit: cm)
Type of pattern Pattern
Location of

measurement in body mode 1 2 3 4 3 6 7 8
Shoulder point (S) 0.42 0.45 0.45 0.44 0.41 0.45 0.48 0.43
Front armpit (F) 2.43 2.36 1.98 2.12 2.43 2.20 2.11 2.14
Back armpit (B) 0.71 1.72 0.63 0.57 0.56 0.86 0.60 0.84
Ti=S*+F*+B’ 6559  87.09 4514 5040  63.79 5770 5044 5451
\/Tl (total distance) 2.56 2.95 2.12 2.25 2.53 2.40 2.25 2.33

(Table 6) Displacement from the three reference points (neck, shoulder, side seam points) of virtual blouses
worn on the human body model during Motion 0 and Motion 1

(unit: cm)
Type of pattern Pattern
Location of

measurement in body mode 1 2 3 4 3 6 7 8
Neck point (N) 1.76 1.16 1.20 1.31 1.32 1.35 1.29 1.74
Shoulder point (S) 4.92 4.40 4.76 4.42 4.46 4.64 4.82 5.52
Under armpit at the Seam (U) 3.49 3.01 548 3.07 3.62 3.14 3.71 4.44
T=N*+S%+U? 394.63 29794 54124 306.69 34722 33193 386.35 532.73
\/TQ (total distance) 6.28 5.46 7.36 5.54 5.89 5.76 6.22 7.30
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(Table 7) Correlation coefficient between the displacement in 3D virtual fitting and actual evaluations in the wear

test
3D virtual fitting Wear test Subjective evaluation
N S U CF SS F A B
S Correlation 0.70 1
3D virtual p 0.06
fitting U Correlation -0.01 0.54 1
p 0.97 0.17
CF Correlation 0.33 0.64 0.43 1
Wear fest p 0.43 0.09 0.29
sS Correlation -0.08 0.39 0.39 0.44 1
p 0.84 0.34 0.34 0.27
. Correlation 0.18  -081"  -0.80 0.76" 0.65 1
p 0.67 0.02 0.02 0.03 0.08
Subjective A Correlation -0.40 -0.59 032 093" 020 0.62 1
evaluation p 0.33 0.12 0.43 0.00 0.63 0.10
B Correlation 032 -0.45 -0.25 081" -0.56 0.52 0.81%* 1
p 0.44 0.27 0.55 0.01 0.15 0.18 0.02
Total Correlation 027 079 060 -088"  -052 093 078 0.59
p 0.52 0.02 0.12 0.00 0.19 0.00 0.02 0.13

*p<0.05, **p<0.01

Note: Parameter N

is displacement of side neck point, S is displacement of shoulder point and U is displacement of

under armpit at seam in 3D virtual fitting. Parameter CF is displacement of hem line at center front, and SS is
displacement of hem line at side seam in wear test. F, A and B are the subjective evaluations of movability of arm at
front bodice, armpit and back bodice. Total is overall wear comfort value.
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The one-way distance between
human body and blouse

Shoulder point

600
P 500,
Side line
I'he amount of movement 400
of the blouse hem -y

{real measurement)

Waist line
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Armpit point of blouse(A)

(3D vartual clothing)
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« Pattern 6

Pattam 7

—Pattern 8

Back armpit point

[Figure 4] Overall objective evaluation measured by hemline displacement in wear test, distance
between human body and virtual blouse and displacement of the armhole line of blouse during arm
movement

(Table 8) Comparison of the pattern variables of four blouses

Upper

Differences in back

Ao $oe Bekese WEE 542 Fohf

Armscye depth Shoulder length Shoulder slope
Pattern back and front shoulder
width Back Front Back Front Back Front Slope Length
(cm) (cm) (cm) (cm) (cm) © © @) (cm)
2 200 (+) 186 (+) 17.0 (+) 145 (-) 14.5 23.6 (-) 20.5 (-) 3.1 0
3 18.0 (-) 18.0 (-) 17.0 (+) 154 (+) 14.5 23.6 (-) 20.5 (-) 3.1 0.9
8 200 (+)  18.0 () 170 (+) 154 (+) 14.5 23.6 (-) 20.5 (-) 3.1 0.9
4 200 (+)  18.0 () 16.5 (-) 154 (+) 14.5 236 () 225 () 1.1 0.9
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