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ABSTRACT

The purpose of this study 1s to derive data that can implement a specific design and appearance through
experiments to create a virtual sample as close to the original as possible. A literature review was conducted
on the 3D Virtual Fashion CAD program and CLO, which is the most widely used program in fashion
companies. We then conducted a survey of practitioners on the use of 3D Virtual Fashion CAD programs.
This was done to demonstrate the fact that thin fabrics are implemented differently from the actual, and that
hoods, sleeves, and flaps are applied with the most variation in regard to structural aspects. The subject of
the experimental study, anorak jumpers with a hood of thin, rustling, woven fabric most commonly made of
softshell fabric was created in two designs. The experiment identified the material of the sample which was
made of three fabrics and created a virtual sample property value based on the designated basic property
value. This was done to determine what property value was most similar to the sample after consultation
with an expert. After applying it to the virtual sample as the final property value, an expert survey was con-
ducted to evaluate its appearance. The results revealed that the basic property value mput to CLO is light
and thin and that it is not possible to accurately apply a material with a rustling appearance. The difference
between the actual sample and the one shown in the virtual sample was quite noticeable with the virtual
sample demonstrating problems including the collapse of the shape, amount of wrinkles being tilted down-
ward, and the flap lifing on the body plate. This problem was found by adjusting stretch, bending strength,
buckling, and buckling strength, as well as using rules for controlling physical property values according to

fabric and design.
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{Table 1> 3D Virtual Fashion CAD Characteristics
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Program Country Company Functional Features
Runway designer Israel Optitiex Convenient 2D(flat pattern) function

V -stitcher Singapore Browzwear Ideal for pattern creation and modification workflows
Lotta Singapore Browzwear Designing directly into 3D outfits without any pattern work

I-designer Japan Technoa Working on the Web without installation

DC-suit Korea Pisen Anti-aliasing enables fine-grained representation of graphics
Qualoth Korea FXGear Fewer collisions when simulating multiple layers of clothing

Clo Korea | Clo virtual fashion Fast, natural simulation
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Weight measurement
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Bending measurement Strength measurement

{Fig. 2> Measurement Tools
(Photo by author. 2021)
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{Fig. 5> Expressions of Buckling Ratio
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{Fig. 7> Expressions of Internal Damping
(CLO. n.d.-d)
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Category Questions

Answers

Whether the details of the outfit are expressed well

Well done 53.8%
Badly done 46.2%

Design
details

Hood 15.4%
Sleeve 12.7%

If it didn't go well, what details were not expressed well? | Pocket flap 30.8%

Yoke 23.1%
Other 18% (waistband, binding...)

Whether the physical and virtual fabric look similar

Well done 38.5%
Badly done 61.5%

Materials
What kind of fabric came out differently?

Hard fabric 30.8%

Soft fabric 38.5%

Stretchy fabric 15.4%

Other 18.2% (washed fabric, fleece...)
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Fig. 9> Design A <Fig. 10> Design B
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{Table 3> Size Korea, 7th Korean Human Size (Men in Their Mid-20s and Early 30s)

(Unit: cm)
Body part circuilef(:;ence circu(r:r}llfesrtence circ:rvniztence circuggrence Back length
Measurement 38.05 97.95 84.3 974 44.25
Body part Shgulder Sleeve ‘ Head Sagittal arc
width length circumference of head
Measurement 42.95 59.3 571 33.1
(Table 4> Measurement of Design A
(Unit: cm)
Design A circucr:r}ll;:rtence circu\?]n?esrtence circunl_l?e)rence Back length S}le?izlt(:ler
spec 120 116 113 74 475
Design A Bicep Sleeve length Hood width Hood length Back york
spec 45 59 275 375 155
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{Table 5> Measurement of Design B
(Unit: cm)
Design B . Chest . Waist . Hip Back length CB~cuff
circumference circumference circumference
spec 120 116 113 76 92
Design B Bicep Hood width Hood length Back york
spec 45 26 33 42
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{Table 6> Fabric 1 Physical Property Value
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Fabric 1- 100% Nylon

Weight 0.5g

Thickness 0.12mm

Bending value Distance Length

Weft 26mm 37mm

Warp 23mm 35mm

Bias 21mm 35mm

Tensile strength

Weft (distance) 2mm 4mm 6mm 8mm 10mm
Weft (strength) 0.01kgf 0.03kgf 0.204kgt 0.525kgf 0.873kgf
Warp (distance) 2mm 4mm 6mm Smm 10mm
Warp (strength) 0.01kgf 0.03kgf 0.068kgf 0.237kgf 0.503kgf
Bias (distance) 3mm 6mm 9mm 12mm 15mm
Bias (strength) 0.01kgf 0.043kgf 0.119kgf 0.186kgf 0.270kgf

- 61
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{Table 7> Fabric 2 Physical Property Value

Fabric 2- 75% Nylon 25% Cotton

Weight 3g

Thickness 0.18mm

Bending value Distance Length
Weft 30mm 38mm
Warp 26mm 36mm
Bias 21lmm 33mm
Tensile strength
Weft (distance) 3mm 6mm 9mm 12mm 15mm
Weft (strength) 0.01kgf 0.03kgf 0.05kgf 0.251kgf 0.782kgf
Warp (distance) 2mm 4mm 6mm 8mm 10mm
Warp (strength) 0.01kgf 0.03kgf 0.1kgf 0.824kgf 1.878kgf
Bias (distance) 5mm 10mm 15mm 20mm 25mm
Bias (strength) 0.01kgf 0.03kgf 0.068kgf 0.161kgf 0.33kgf
(Table 8> Fabric 3 Physical Property Value
Fabric 3-Polyester 100% Laminating Coating
Weight 2g
Thickness 0.19mm
Bending value Distance Length
Weft 15mm 32mm
Warp 20mm 33mm
Bias Smm 28mm
Tensile strength
Weft (distance) 3mm 6mm 9mm 12mm 15mm
Weft (strength) 0.01kgf 0.03kgf 0.108kgf 0.219kgf 0.361kgf
Warp (distance) 3mm 6mm 9mm 12mm 15mm
Warp (strength) 0.01kgf 0.03kgf 0.082kgt 0.177kgf 1.291kgf
Bias (distance) 3mm 6mm 9mm 12mm 15mm
Bias (strength) 0.01kgf 0.03kgf 0.05kgf 0.079kgf 0.111kgf
2 Ak AAE A lmm BHIR MmSAE w3 AY B AW AuE b 9w 9w 2
gl 3mme] e 4 A A Immet B ATt
Wt wpolojAE A 15mm¢l ¥ HWE
o flAbe) A AE P2 A 2-3-1 o = 2. HE= M
T ANE 9% 312 202 B9 Hojolak
B A7 498e 4% ARD Y ARO

4 2-3-1 w22 =%l FRHHeEe 99l

A =gom gsoz g = AAEA.
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{Table 9> Name of the Samples

Final property value
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A3-2
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Virtual Sample

Default property value
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A3-1

Bl-1
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B3-1

Physical sample
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Virtual sample 2 fabrication and analysis

Expert evaluation and results discussion

{Fig. 11> Research Method
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A3 B3
<Fig. 12> Design A Physical Sample <Fig. 13> Design B Physical Sample
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(Fig. 14> Design A Virtual Sample 1

4& WA 2d3 H, FAZH 7= (Buckling stiff-
ness)= #27% (Buckling ratio) S WA ZZH3I o
= "QsH -0 A9 AU 43}
£+ <A (Internal damping) #+ vh2A 4= (Friction)
= dae] A dFe] flS AR Ho FAX
dollAl ALls7|Z stk ExEe FAs d9
A Fhol7] WiEel & ItE A AlFHTH
A, Al 7] A9 BE UE A9A" AR =
dgel veht 2 Ao 2d& Fxsr] @
Ao AEE Fol7] s AF49 #E =43
3, Aol Fgle] sEAE d4E A 9

A w3 AEe FAE ZE3A AFH &
A9l Stretch-weft, Stretch-warp, Shear®] #+3 €
o] #3 7Fo] £49l Bending-weft, Bending-

(Fig. 15) Design B Virtual Sample 1

warp, Bending-bias®] A4S 7MY =2 3
U3 A2 g

gxiel Ask Ul B EA3E 243 X &
(Table 11> 3} 7o,

243 B3-S A4 Ozl A9 tAel B
o] 7 A AL *a‘ﬁ‘li Az 7P A
Al-1, A2-1, A3-13 ¥R &S o, =9 Z:_}E]-
o] HA = dFE Y 7H’“°] UARA R, 4
3 AE ALF fFAR] BHolAE stk tAl
A9 7V E\_% Zo°l o Foe Aog He,

% fAES wsq FAg 245 AZE
Agke e
A28 BAE FES G AXE AR
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(Table 11> Design A & Design B Adjustment of Properties

Properties Value
Fabric 1 Fabric 2 Fabric 3

Stretch-weft 31 33 30
Stretch- warp 31 33 30
Shear 31 33 30
Bending-weft 23 50 38
Bending-warp 23 50 38
Bending-bias 23 50 38
Buckling ratio-weft 30 30 30
Buckling ratio-warp 30 30 30
Buckling ratio bias 30 30 30
Buckling stiffness-weft 25 25 25
Buckling stiffness-warp 25 25 25
Buckling stiffness-bias 25 25 25
Internal damping 1 1 1
Density 0 12 0
Friction 3 3 7
Thickness(mm) 0.12 0.18 0.19

o2 YES Ao Fa ddte $E9 A& o
Az37] Y8 33 7= £A49 Bending-weft,

< 54 Foli,

3
=

Bending-warp, Bending-bias

w3l AEe A F7tR Qs
Holz d4e] o] 59 5ds 571 &
Buckling ratio-weft, Buckling ratio-warp, Buckling
ratio bias® #< 204 FAFUC 7P Aol
FEol AAxgA JAFAT, A= AEAY F5
o] WEa| HolA ¢y FEFHA KA H=ZFH 7

TE XZH3+E Buckling stiffness-weft, Buckling

o
(o3
fo gy

stiffness-warp, Buckling stiffness-bias®] <A<
104 233t

A2-29] B g AEFAo] e AL
Koy Stretch-weft, Stretch- warp, Shear®] %t
408 =9 AF5AT 53 AE9 ol =of
o2 QlE|A dtoe] ujtE] Holy FEFo] Hols
Aol o FH=d £ dAFsE Buckling

ratio-weft, Buckling ratio-warp, Buckling ratio

o

Iy

bias®] #= 20¥ EAFI, FE5 FHIL 2=
ol WA vE7] 98 A=24 4=< Buckling
stiffness-weft, Buckling stiffness-warp, Buckling
stiffness-bias®] #& 5% =AUtk

A3-29] EA4/}E FEY xH¥e] HE AEH
HIS2skA] BolA ek gej7E o] fliL ol E A A
= Aol Asl ddte] A4S glelr] S8l
Stretch-weft, Stretch-warp, Shear®] %< 15%
EQT 8 499 =4S 8 Az fsiA
Bending-weft, Bending-warp, Bending-hias®] %t
= 104 AT 9o FES FAFEMN 4
Sro] mjaty F-Eo] Hole Aol 9o Buckling
ratio-weft, Buckling ratio-warp, Buckling ratio
bias®] #< 154 =%t

(Table 11)° =A#%= A& /M AES
Bl-1, B2-1. B3-13% Hlng& o, £4o] I8
o AZE Y e A4
Houoh tAel B 7t A
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;A
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o

3k

o

y AT

it}
ox

S EAZS HEPSdE EFE "l AR
o FAor & Fiol AA ZEUAN, F7t
2 Ao o] s Kol AFd FHFEY]
o] o Ho BEARS 2Edh

B1-29] EA% 22 (Table 11)9 #&3 7}
i ARAAM FHAI FEES Aol HAX

3 FZHe £A Buckling ratio-weft, Buckling
ratio-warp, Buckling ratio bias®] #< 204 o]
3, FEY BELE A7) 8 F2d A=
Buckling stiffness-weft, Buckling stiffness-warp,
Buckling stiffness-bias®] #= 158 w3tk st
A%t HFZ2HE Fola A=HAAEE EFY A
Z Fs 9 kzEet £ =9 FErt FUAE ¥
7dol AA 2F9] £29?0 Stretch-weft, Stretch-
warp, Shear®] = 5% EAUL, w3 A= £
Al¢l Bending-weft, Bending-warp, Bending-bias

o %g 54 =AY

(Table 12> 3D Final Property Value of Design A

B2-2¢] BAGE A 7 AW F A=}
Fob AZAgol weldw AAE @yel A7
Stretch-weft, Stretch-warp, Shear®] #< 204
=9 #F9 AEE 5022 o|n £X7 2 A
olm, AFA Al 7k £As wolW o] uj
oty FEo] Hole Aol AA F=2H &4
Buckling ratio-weft, Buckling ratio-warp, Buckling
ratio-bias®] & 20¥ =4
Buckling stiffness-weft, Buckling stiffness-warp,
Buckling stiffness-bias®] #& 108 33Ut
B3-2¢] EA4# (Table 11)¢] EA#S A
atod A= A9l frAbetAl BAAR 9o 3E

F0|, A=l

FAFoE2N A9 FFo] HA= diol 2

Buckling ratio-weft, Buckling ratio-warp, Buckling

=4

ratio-bias?]

Buckling stiffness-weft, Buckling stiffness-warp,

[
&=

20%

F0|,

Bzl

Buckling stiffness-bias®] #<S 10% &t

Tkl A9k Be x=Eg EA#E (Table 12)

Properties Value

Al-2 A2-2 A3-2 B1-2 B2-2 B3-2

Stretch-weft 31 73 45 31 53 30
Stretch- warp 31 73 45 31 53 30
Shear 31 73 45 31 53 30
Bending-weft 28 50 48 28 50 38
Bending-warp 28 50 43 28 50 38
Bending-bias 28 50 48 28 50 38
Buckling ratio-weft 50 50 45 50 50 50
Buckling ratio-warp 50 50 45 50 50 50
Buckling ratio bias 50 50 45 50 50 50
Buckling stiffness-weft 15 20 25 10 15 15
Buckling stiffness-warp 15 20 25 10 15 15
Buckling stiffness-bias 15 20 25 10 15 15
Internal damping 1 1 1 1 1 1
Density 0 12 0 0 12 0
Friction 3 3 7 3 3 7
Thickness(mm) 0.12 0.18 0.19 0.12 0.18 0.19
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{Fig. 17> Design B Virtual Samole 2
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< Bl-13} Zo] ZtAd Heles A2 IHEAH 3DE UF= HAeyE Aok AFAEY] 4Y
Tk Aol 53 AA F FEO ZAS & < ASARE 251 o] HAtely 28 5 o
HRARE SR s ARAA o Wee] 59 ojth. &2 3 /e M AEF 107K Z 118
= 4% FuY 9L AE A2 Bo o oww stnom, A= A 7 AEE UEs] Ho
8 Woli A FE5 o] F=Ih &= 5 2= 53 HAEE fAR ARE w7y
B2-2(Fig. 17)E B2-1Bt & FE9 ®¥o) 1oolfroll dell dWE AMest=s st
des] Holrje oy, AEE FEo| %FO AEZALS] AFHEE (Table 13)3 2ot
HEste] Aol wis] Bt & e 9A o Al-29] 7V AR o H7F Hee 38904
A A Hoh S8 Holi Fuy 2 B2-1X 46012 Ugtth, 38 S Aol &R ugt
o w8 Hole A NAHJYARE, ww ow, 427} FH, F&, & 335, 44+ AW,
3 Hols @idel dsdth Zet, AAH o] HRel 33 Ukt 7
B3-2(Fig. 17)+= t&ete] AA= dAol 7HA =S AFEE 469 FHY EH dEow
HoH, F59 282 ¢ @ Bk A ok e & fAtstthy Azete T
gh oetel S Eo AAE A JhAdE] fE) AME Hetoz e w AAHA Aol A A
2A%S 2EYAY, S AHEAL o= setthe 9743 HAele ZAETL He Fuy
el & FFol B3-1Et 8o & HE skl 9 FEol & YA 9, A% Ayt 54
ouf HAAHQA =42 AYE 1A F Ae A tApQlelgty Bl ool itk frAketth
23 7 AR Bt I AZE A B FEoAE FE] Fodo] W
ZaA e T AHSAL, A9 A7 25
2. MEJF ot g}t Bo opgtke ool QU
A2-29] 7V AR o H7F Hee 32404
2 A7 A3 ZAE St s Ay 48AFO1 2 LpSkeh 320 tjEF SES 73 srEo
A7 AE7E 19l 9 22 AE7EY ¥ = ggon 4= 2w . oy AR 9
HE AT EAE Feel AAAAT. AF N gy ygme) ygn, 162 FHD 20 PEo
£ A% 59e Yo 29e) AEAke 31e)
(Table 13> Virtual Sample Assessment
e Score (Likert 5-Point Scale)
Al A2 A3 Bl B2 B3
The front silhouette of the virtual sample is similar. 44 4.8 438 44 44 44
The side silhouette of the virtual sample is similar. 3.8 44 438 4.6 3.8 4.2
The back silhouette of the virtual sample is similar. 4.2 4.6 438 4.6 44 4.2
The hood silhouette of the virtual sample is similar. 4.2 44 4.6 4.2 44 4.2
The collar silhouette of the virtual sample is similar. 4.4 3.2 44 42 4.0 5
The sleeve silhouette of the virtual sample is similar. 4.2 4.6 4.6 4.6 44 44
The silhouette of the pocket flap of the virtual sample is similar. 4.6 44 4.0 4.0 44 4.6
The overall appearance of the virtual sample is similar. 44 44 4.6 44 4.6 44
Average Score 4.27 4.35 4.57 4.37 4.3 4.42
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