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Clothing

Jeong, Yeonhee
Dept. of Clothing and Textiles, Kunsan National University

Abstract

The objective of this study was to set up the development process of making ergonomic pattern for motorcycle
pants using 3D virtual simulation program (Clo 3D modelist). 3D avatar was developed by using 6" size Korean in
his late 20s. The most important items for making 3D avatar were width and height items as input data in the avatar
editor. Length(outseam, inseam) and circumference(waist, hip, thigh, front & back rise, etc) data on 3D avatar surface
were measured by using measurement fit tool to make the ergonomic pattern for motorcycle pants. As a result, ergonomic
patterns were developed for motorcycle pants using surface size data obtained from avatar’s dynamic posture. Five
pair of pants with pattern 1, 2, 3, 4, and Swere simulated by wearing them on 3D avatar remodeled with the 6th
size Korean. Those pants were evaluated in terms of their virtual fitting by basic pattern line through using transparent
texture. These developed patterns were divided into 3 areas (hip area, thigh area, calf area). Each pattern area was
reflected by moving the avatar shape. Clothing stress of five pants(pattern 1,2,3,4, and 5) has no significant difference
in 3D standing virtual simulation. However, it showed significant difference in 3D motorcycling virtual simulation.
In motorcycling posture, clothing stress was greatly reduced depending on the pattern. Pattern 5 was superior to pattern
1, 2, 3, or 4 in terms of clothing stress and strain map. In the development of ergonomics pattern, the most important
factor is not in the area or the length of the pattern. Instead, the distribution and division of pattern area as well
as the dynamic posture are the most important factors.
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[Figure 1] Scope of the experiment
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[Figure 3] Basic pattern & pattern making method (Jeong, 2014)
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(a) Standing posture & changing the texture properties

(b) Check fitting on motorcycling posture

[Figure 4] 3D virtual fitting & check pants considering posture

(a) Standing posture (b) Motorcycling posture

[Figure 5] 3D virtual clothing pressure
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(Table 1) Input and output data for making an avatar

NO Item A B C D E
1 Height 173.60 173.60 0 173.60 173.60
2 Width 81.30 78.52 2.78 84.16 81.80
3 To neck height 148.40 146.10 2.30 150.74 148.43
4 To waist height 105.10 104.55 0.55 108.00 107.40
5 To hip height 86.60 - - 88.51 -
6 To knee height 44.70 - - 46.70 -
skip Head width 57.50 - - 0 -
7 Neck width 43.20 44.85 -1.65 41.61 44.13
skip Upper chest width 39.00 - - - -
skip Upper back width 40.60 - - - -
skip Waist width 81.30 78.52 2.78 84.16 81.80
11 Hip width 94.80 93.97 0.83 100.64 94.49
skip Bicep width 43.10 40.84 2.26 - -
12 Elbow width 29.00 27.30 1.70 30.81 28.5
skip Forearm width - - - - -
13 Wrist width 16.60 17.20 -0.60 16.02 17.11
skip Hand width - - - - -
14 Thigh width 56.70 58.40 -1.60 54.14 56.67
15 Knee width 37.60 38.64 -1.04 36.59 37.99
16 Calf width 38.40 38.14 0.26 38.66 38.30
17 Ankle width 22.30 23.06 -0.74 21.58 22.90
skip Foot width - - - - -
skip Neck length - - - - -
18 Shoulder length 43.50 41.84 1.66 45.23 42.25
19 Arm length 58.00 59.09 -1.09 56.93 57.94
skip Upper arm length 33.80 - - - -
A: Frist input data-6th sizekorea men data(25-29)
B: Frist output data of 3D avatar using 6th sizekorea
C: Difference of A-B
D: Second input data recalculated using difference of A-B
E: Final output data of 3D avatar
olule} Tlole] Qe <Table 1>o] wAol Wk g2l & & & ik Ao vlejdol, wlo), olriAfe]
shgtl, A EA(12), ®01FEG6), EAFE Aol SJ70] YEo= opirtolzlolst 2vh2
(7-17), ZolFE(18-19) w02 felairh. B A7E  ofyt 2otk SUREL <Table 153} Zo] 71740
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= Sege, Zo]gE 2o Astol} dolElS AR 200 Fuke] 8% W Hatvlolelsh fAHE ohuere
B A AEE & 5 S-S & 4 ek FolFEE  TAT PHE <Table 153} Lk WA <Table 1>2] A
EFzol, slgfzel, YHelEel, FEECIE TAHAN gl 200 FHF FAJ(25-294) 9] HitH|ele{o]H, o] E]
o, oplepr} AlES 2Zg3lal Qe AR JAAXTE o[HE opufE} oftyH ol ¥o] FAJE Alo]=7} <Table 1>
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(b)eycling posture of avatar

[Figure 7] Posture of avatar & measurement of
surface length on avatar
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B AFollx = 20t Fuke] gk @A HatulolEl ot
frAkHAl 739 ohitelRS Aol BEJALOIE AAIR

HElsle] shA| F-9lo] Axw WHals uast) opule}
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713 2ot St Ao AlFAto|zHE= Sl E]olA
dotE|EAl, RESA, PEEFAS Ave A7 H
oA FdtElEA, AFEFA, FdESAS Ad
= 4olo] RigtE AuHSlt). o= e HE Aol
Al BE|Rglel B9l FAst & 9=
o] Fglo] Wzls dste] HEHF o] V|E RS2 &8
skara} akel7] wiitoltt. mgk AgxpAle} F2tAlof S elE
g, ddol=d, doielEd, FEEd, AuxEd, s
£, AE71dol, vpEEr)do] o] jiskE sttt
<Table 2>+= F2te]| wheh 7} K9] A|EH Wals &
Art.

ik %aﬂ e opulete] AEAF
(basic)ys &-83t] SA s} Ho|gae
4636}04 33} Aol

Aoz "Holx= Ao 72 olF ol
Ao} olHe] Ezlo| A3 A9

>~
-

AlZollA Ho]Z]
o 3 ‘?ﬂ(surface)—;

=

274e Faate] BT Ane Bl FL L & Y
o}, opilebe] YApAlsl SRR wet SejaRel

AGolEd7} +5.30 em(+5.61%), Hoka] E#)7F +3.58
em(+6.32%), =7t +0.99 em(+1.21%)Z715F Tt
28 $37(Ham, 1981; Jeong & Lee, 2012)0l|4] E2}FA] o
slelEdel JdgolEdls T2t 23 2 Afol7} Ayt
A kot B opulete] S Ho| F7 vlaA =A|
TSI ol AFAISelA 712 o] olutele]
AAE TR whedate] Yehbs Ao g Kol A 5
zto] Z7Fsh= F9le 71Rolfe] Aol a7Hes 2
ATeME S7HE i WS B AR o R R 28
shaict. HolakEoa= dalglala hdcte|zhA|e] Hol
7} -10.64 cm(-37%)= AA] ZFAEJ2H, hdrte] oA
SHE7}A] +4.15 cm(+12.33%), AF-E0|A TE7] R
+3.17 cm(+8 70%)2 Z713kck. o)+ Kirk¥} Ibrahim
(1966),] 2 FIA] SEE FHo7 Astzm 7zt
6.35 cmAlFdo] dojdti= 379} Ryee} Park(2006)<]
U AvREE 83 AA o T3 AFoA FES
90° T35 w 6.7 em(33.5%) S7FIt= A7-eF FAF
st AFAdott. HEldA  FduEl7kAe] Aol

(Table 2) Circumference & length data while standing & motorcycling posture of avatar(unit: cm)
Measurements Measurement Ttem Standing motorcycling Difference Percentage
posture(a) posture(b) (a)-(b) (a)-(b) (%)

Basic
Waist circumference 81.80 82.79 +0.99 +1.21
Hip circumference 94.49 99.79 +5.3 +5.61
Thigh circumference 56.67 60.25 +3.58 +6.32
Knee circumference 37.99 33.00 -4.99 -13.14
Calf circumference 38.30 38.30 0.00 0.00
Ankle circumference 22.90 22.94 0.04 0.17

Surface
Length from side waist to side knee 61.35 58.18 -3.17 -5.17
Length from front waist to front thigh 28.75 18.11 -10.64 -37.00
Length from front thigh to front knee 33.67 37.82 +4.15 +12.33
Length from front knee to front ankle 36.45 39.62 +3.17 +8.70
Length from back waist to back thigh 30.08 36.64 +6.56 +21.81
Length from back thigh to back knee 31.96 33.14 +1.18 +3.69
Length from back knee to back ankle 36.68 35.51 -1.17 -3.19
Crotch length 71.61 66.32 -5.29 -7.39
outseam length 96.60 92.50 -4.10 -4.24
inseam length 80.07 84.77 +4.70 +5.87
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wslskdct. daleldedlx dotrelEdzbAel dol= ol
A ZA 231, FHolAd ZA 2geE 22 Ham(1981)<]
et B ATFAFAE BT Q) &, FFo= <l
stef ekslglala ehdtiElRels Aot &aL, FH3E g
A FETEIES7AIE Aot ', SRERSE Aol
7Y, ARSI dolitat o]FoHE & 5 U
o} &3 QFE7] Aol +4.70 em(+5.87%)F 7 8aL, vl
Z7)14ol= Wl R -4.10 em(-4.24%)7F AT, o)
tElE Heal ghe AAIYe R k| sofubal v
&7 2oE o= H]Ith sl AofhiE 3
glox] dotelR9l2 FaA= 2ok dotegldlr Fole
o2 o] HER= Fiol ofs) WAk Aoz Helrh
2| BEAfolEsix o] e kT sElal upRET)e
=o] S HEFsh= ohvtete] TR = la) o]t
AAMF o] ¥k o] UeptS & 5 Atk FE5-99
EYHsE Aund, Al B2 -4.99 cme] H
st dejtrhar AlSE Aok A8 A7 (Ham, 1981)] <
S ofzpe] gk FFAte] FEEH(Irtee} Folelrt
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modelist ol &3+ ohulele] FRHEA] Aol FHef ol

g gkl 957} 9 & Uk &
o] A3 A5 Ams) FuEe
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o]g3te] kel 7|2 =(Pattern 1) thao] WHo g
e HEsSIck WA [Figure 8]2] Pattern 2+ 7]&uled
oA SejRelel Fotelile] Y-S Mt s
AelA FFA7EA] ol 9] WA S 4523k, Al
Aere 242 1 em¥ F 3 ecmE 0], Ho|zjidelA
= 247 0.5 em® & 1.5 cm Zo]1, F54140) 742t 3
em 52 ZF 9 emE STPAFCE S dFAlAdelA 3 cmo

_]
dolag Hgtal, HEdde & 9 eme] AolsvkE

Pattern 3

Pattern 4

Pattern 5

[Figure 8] Basic pattern 1 & developed pattern 2, 3, 4, 5 using
obtained data from 3D avatar while standing & motorcyling posture
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Ads Jlollar, = <toll viAlRelr So7k= FHde
2, FolelRele] FuHE Eiste] dEle FAs e,
ol5 <I3f| [Figure 8]¢] Pattern 29} o] HHEEHE 28
cmZz 31 AHRAEYE 41 cm= 3}Jr). Pattern 32
S2bol] oJg drkelol Qi
=7}xe] 2ol Zoleh wckelolN ShEmiAle] Lolzt
2E aefete] e HEFS Zlolrh 53] o)l
hduelrele] AAMe] FAEE dekol e ¢
of rfeimslol dgke] 4ele WA, oleia )
e HE S&ex 33l ko] AEA LAl 2E-
& golsbll & 5 Qs Fih Azl o - 7 Polzrhe
PO 22t 3 em® SelFaL, FF-EekE 22t
25 ¥ Zolg Fo] Fgo| 2 el Faow W
&3}t Pattern 4+= <Table 2>2] inseam(+4.70 cm)3}
outseam(-4.10 cm)2] Zo|H3}= vkodsle] Pattern 32 ¥
g Zom, ETIdME 2 om, vPEETE 2 em &
Ses RS s 5 BEAlelEAle ek
o] Hlzke 2 S MolAIBA, Hik7)e] dolis
el g

E71¢] Aot diH e STk BYgde

e
o

Pattern 20\|4] EEJALO]Z

o

2

et

Basic Pattern 1

Pattern 2 Pattern 3

Back ‘\

2 o]E uhodate] sele 4=A3}ir}. Pattern 5+ Pattern
4= |83t el HE 2= (+0.99 cm),

Fol=d|(+5.30 cm), HohelEd|(+3.58 em)o] 7+ r&og
sto] FE2FAldd 242 ARl S el doke(+4.5 ecm)2t
FEolEE(+S cm), SEH (3 cm)d| S7H=

ol

L

o
=8k A

ot} 1 WhHS AR, Pattern 52| ol FEl o)
-%—)\V\-]—% ol o]%gﬂ}\—],@_ 7]_%_9& 2 cm ﬂﬁa‘oﬂ ‘ﬂéﬁ—zr

Yo, Futos el 2L Jgo|EYAlS 71F
o2 77} 2 em? 3|73t PolEdlolA F 6 cme] o
it 7P H=SF 33tk 53] Pattern 5= s2lEd|ol
3 em®] oS E71a YA oARE glol7] S8l HY
Jol7elo a4 Yol FHaas e
2) EEWO]% 2% 123 W= Pattern 1, 2, 3,
4, 59 HF st 1@

AL 200 Fuke] A6l F=ARNAN X F2AL A}
BE ]%‘3]'04 ABojxl ofutete] BEJALOIE F2A 9L A
A 2] A Esteo]BlE o83t [Figure 9]¢} 2ol
ATk 2 s o] Ato]= WP} HAHE 2<Table 3>
I} <Table 4>E B3| & 4 Utk

Pattern 19}4] Pattern 2, 3, 4, 5o 2x] 714 =4 W3}
gk S kol waddo], ek oA dddolE
g d7h2] o] dol& <Table 3> B3 A & + Ut
Pattern 1|4 22.81 cm%3=tl, Pattern 594
= 2031 cmZ 2.5 cm 745k, FH2Z ol 30.40 cmoll

opzlol=

Pattern 4

[Figure 9] Developed pattern1-5
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A 39.13 cmZ ¢F 9 cm Z7}slgth. Pattern 190)4]
Pattern 5 Atole] e Z7hE Awlnw, slelEeis o
3eme] 7L, GYolEdlE oF 5 eme| TVt dukel
e o 45 cme] F7b7} olFolHrt. 7t Rle) WA
3= <Table 4>04 & = Sl=tl, Pattern 13} Pattern
57} & WAHIME o7t AR ¢heS o 5 Ak
Pattern 12] % W2 4297.26 cm’ ©]il, Pattern 5=
4248.13 em’2 WA A= 2 Apolrh ¢SS

}

PN
& 9l

7} djele] Repd, mjEy
12 FEolde]  FolulFel  #HE(710.77
cm’:16.54%, 856.57 cm:19.93%)0] th2 TE mjelo) 1|
3 WAo] o, Pattern 5= FHPFo]R7H592.53

Pattern

em’ :13.95%) ThE RE sielo] WAu|gRT} Zlon, oF
Ucta)(908.16 cm’ 21.38%)¢} F¥t}al(1103.55 cm’:
25.98%)9] vl&= 7} ZATh

3. BERAlo|FA= /S ¢fgk |l (Pattern 1-5)
3D7Pd=re]

7Bz MFE AA 2] T2 whgEte] S 4
Az Wgste] 7Pgteldt Zo] [Figure 9]olc}. ek
o] Zojo} ke Frog dfal 7 o] 7
o 2gstste] 7P3elek REk ol st
e, 2 sfele] wael wet r1ale] xdste 1

& 5 Igleh WA Fhgte) Al ohuleel s g3lw,

)

[o

w2 o

(Table 3) Length & circumference data of each part of Pattern 1-5 (unit: cm)

Measurement items B-Patternl Pattern 2 Pattern 3 Pattern 4 Pattern 5
Front rise 22.81 20.30 20.28 20.28 20.31
Back rise 30.40 39.28 39.29 39.29 39.13
Length from front waist to front hip 15.40 12.81 12.81 12.81 11.79
Length from front hip to front knee 37.63 37.63 38.59 38.57 38.75
Length from front knee to front ankle 36.45 36.45 39.45 3945 39.45
length from front waist to front ankle 89.48 86.90 90.86 90.84 90.00
Length from back waist to back hip 18.57 22.33 22.33 22.33 21.27
Length from back hip to back knee 37.62 37.62 35.12 35.12 35.54
Length from back knee to back ankle 36.45 36.45 34.20 34.30 34.30
length from back waist to back ankle 92.65 96.41 91.66 91.75 91.12
Waist circumference 40.84 41.02 41.04 41.04 43.77
Hip circumference 50.06 50.06 49.67 49.82 55.15
Thigh circumference 58.99 58.99 58.56 58.56 63.58
Knee circumference 44.00 44.00 43.53 43.61 43.80
Calf circumference 43.17 41.00 40.77 40.77 41.00
Ankle circumference 42.00 28.00 27.97 28.00 28.00
(Table 4) Area of each part of Pattern 1-5 (unit: cm?)

Area of cach parts  Patternl  area (%) Pattern 2 area (%) Pattern 3 area (%) Pattern 4  area (%) Pattern 5 area (%)
Area of front hip 339.74 791 287.01 6.94 280.14 6.90 280.82 6.91 300.73 7.08
Area of back hip 448.63 10.44 533.65 12.90 540.97 13.33 540.33 13.30 592.53 13.95
Area of front thigh  878.45 20.44 878.47 21.23 867.03 21.36 859.19 21.15 908.16 21.38
Area of back thigh  1063.10 24.74 1063.20 25.70 1019.81 25.12 1024.35 2522 1103.55 2598
Area of front calf 710.77 16.54 614.68 14.86 636.26 15.67 640.14 15.76 634.19 14.93
Area of back calf 856.57 19.93 760.47 18.38 715.58 17.63 71749 17.66 708.98 16.69
Total area 4297.26 100.00 413747 100.00 4059.79 100.00 406233 100.00  4248.13 100.00
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[Figure 10] 3D virtual simulation of Pattern 1-5
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[Figure 11] Clothing pressure and strain map of Pattern 1-5 in 3D virtual simulation
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