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&5 o] o]Fo)x+=4d], Cho and Kim (2020)2 =< F2# T A5

NE AFE 4ol DA $AE sershginh. Park and Do (2020)
= sty d4e ddoR Alel2 el e AEW WaE 243
5 ol Bgstel AolF B4 1AW 249 9% AHS Ausar

AEHe] WaE e AgelA H§sks] 918 Xie and Zhong
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Al 14 ey Jd A A" g

1.1. Y EY dd A4 A"

g EY Y AA Al~"S gE AAe Has tpge AlEAS
AFH gt A AFE WpIETE JHS Aksts A=)
ot gt ER 'l QA Aol B A FEH7F AsoE WP H7
ol vt ER Y dA AlA"S 288t kg Aol A e
HE S EFA A= = Aot

gt EY JES o]F= BE A HALE action listE AFEdFe] A
o5, Z} action Hl°]ElE action® F5H, M AL o]E, F2 A
o] 7t v yHER FAEY. sy actions FASH o] Fo

deol¥l EE actionge] FFE Wobr wHe FEIF AEom 4"
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1.2. M EY gd gzl 49

121 94 g=E

st EY gE gz}l 71E 8= action liste]t}. Action list®
A A S Ele Ao ALY thekst 718 d AA 2AL Hests 99
o] HA Y deloltt. AFEATF et QlEH ol A5 o)A H, A,

HE S Fostd EE 522 action list® AFHETh Actione 2y <]

TR, A9om wgsE A A, A9 5 AA olF, awla BEe) a5
e g dolgz A vE fuEE 24, @4, dud o=

TAEE AL Ystnz 238 fuS AL Ao| st o

Action listo] H& AYst= #HS HS Aok
ferol meh vl 7HA 2 yrol itk Zhzbe] A5l
W& Table 12 2t

N

rlr
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Table 1. Examples of point definition

Number of .
Base Point Point Type

Description

0 Absolute

Defines a point at an absolute x, y—axis position

1 Moved

Defines a point by moving a reference point by specified X, y

displacement

Divided

Defines a point between the two reference points using a

specified ratio

Distance

Defines a point at a specified direction and distance from a

reference point

Rotated

Define a point by rotating a reference point about another
reference point using a specified angle

Free

Defines a freely movable point using two reference point

Normal Foot

Defines a point by projecting a reference point perpendicularly

to a reference line

3 Normal

Defines a point by moving a reference point along the
direction normal to a specified direction

Parallel

Defines a point by moving a reference point along the
direction parallel to a specified direction

4 Intersection

Defines a point at the intersection of four reference points

,20,
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Edit Point Property

Mormal ~ Parallel Online  Tangential (Length)
Line Intersection On Line Moved
Absolute Moved Divided Rotated Distance

Between C1 and C2

\
‘.“Gelenglh(ﬁ'mt:FAH) 1

E [Gettengthiback:L 15) 4¢ |

Figure 1. Example of interactive point definition

1.2.2.2 Free point

v

s e see] /8 Qe dde RE 2S£ Ag

Aelat oA, ¢+ A 5 tAolde] Pzte] HolE He 1Y
E

vl Agy 77s d"e] 13357 e AR e A AA
o] Aol B Ao e Figure 20 Bl Ay e 8= F QY
7154 Abolol Al ] HEE ol &dA AFEA HE AT F U=
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F (Free point)

Figure 2. Schematic diagram of free point definition

— — ——))

(F,Z A B ><(7“1’U1+’I"2112> Eq. (1)

Figure 2914 3 r,&= F M9 7|8 49 BE 71T2= free
point 79 FHEE AAst= ©Hl a3 HEo|th o]F o]&sle] A% B
o AAE 4, BE WAHE Fo AR A7 Ak A (D& A

of FE A#HA AT 5 vk

1.3. A& ALWED =2

131 BEAE 7=

of 3t} MEo] Wi} ZtEE B-Spline =419 control pointE ©] 5 &
A 243 4 =4 Figure 3914 control point 42 YXE 4 2 o]
A

Bo] g 4Eg E7d4 H7o2 wgsg.
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)

Obtuse angle Right angle |

(@) (b)
Figure 3. Schematic diagram of corner angle modification

(a) Obtuse angle
(b) Right angle

1.3.2 A

SAE e APFS AE dE7 Ysts g2 AAZT $ glon,
Aldel 2Agl FEo PdAs 2Ag 2+ IdE Age type A%
e o] Zto] ozto g AAHE Aol Uy mMEeHA A E A&l
TAZE A7 B A A4S A+ type BE AAZE £ Utk

(Figure 4).
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.\ Corner type B

Seam allowance

Corner type A

| 3 Corner type B
Y

Corner type A Seam allowance

Figure 4. Cut line generation

1.33 BE A A

& 2 A3 (Figure ba) &2 =43 (Figure 5b) & 4 Stk
27Mel dEE AYstes A= vEY TH wE A3 (Figure
6a) &< FAdsk(Figure 6b) & = Atk 2L ol A F7F Ve &85t

o Ak mo

u|J

Moz eSS %4d £ 9o}



2 7S Algste] Al dE FeEH s 94 dded H8sa 4

d HEE 7VIEor AFAo] AdHET

(b)

Figure 5. One dart truing algorithm
(a) Rectilinear

(b) Curvilinear
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(b)
Figure 6. Two darts truing algorithm

(a) Rectilinear

(b) Curvilinear
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1.34 A 4o]

Figure 7% o] M= t& e AaWE ko] o] Aol& HA
sksbz] flal =24 el NTEAT o] WRidM= dd w9
de A A AlamEe] dol AolE FHAdtetr] ffs) o
de olsstA "o dAdME SdE A" H p, by, P2 A2

il

E A 7o) AA Zol7F A S HAE AR 9

P={(zpy)l—de <z, < doe,—dy < y; < dy}

7

n

O(P,, Py, Py,....P,)= Y, (TL,— L) Eq. (2)

1=1

P 1L,

Figure 7. Curve length optimization

o gt Ao #HHE BE ERJEE sAd olFdtes ARt v
Aow IQEF oFste Ao] ¢ &&4o|tt Figure 7904 P34 P9
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Al 24 324 JAA =3

2.1. 32+ AA A A

BoATo =, 339 A 2ME 93] Klepser et al. (2020)2] A+
¢} Schwarz-Miiller et al. (2021)¢] AT-olA &2 AAE S5t
AFg-3F VITUS 3D body scanner (Vitronic, Germany)& A}-8 3} %3t}

AAe] AM=rvta XS EAS7] 98 AF 12 mme| FF =T
AE =g E FRASAY. 224 S8 fl8] sitelrt glon Eo]
Z™o] 7hed YAt AREEHJ e, A due kel A
T2l HEE ZolE ZA3dYtHKorean Agency for Technology and
Standards, 2021). A ApAlel A & AS dABSA FAE7] Al =5
A BAAZE AR EAG. I S48 Bes AbEste] FEd wE
o] X E B

SARS AA FHFE Ere Fio] AVA Fe LARE A e
R dols AEshA R etolof ARt A& kol e

8%t e~ 16%9 EWAER, SR F5dd 20%9 YA E

2 AFolAe= 200 HEA4E IJPAE AASR oY, AT FoIxte
T 2 AT 543 FAE Al e A AF(Morlock et al., 2019;
Klepser & Morlock, 2020; Lee et al., 202002 #asto] A At <
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T Folzte] AAA 5L 20159 A7A sl Q1A A4

arskel 20t HAd e Hit 7hE=el(96.29 £ 6.8cm)et Bt A17%H(173.93
+ 57cm) AR 9 dAE BHstaa sk ofdl whep o]
AT A= @Rl AFsty KsytA ez Aol 1002 (L) of &
2Zh-gstal A1 167~183cmell s @st= 200 HA EF "o
o A e A ApFE Be AT FolAe] W AR 2565 +
224, Bt AL 1755 £ 31em, B 7tEEds 9299 £ 54cmolth

=

Alo] &

i

(IRB No. 2107/002-003).

® AT e dHoE @42 AL o g4 4ol 27
T, AW S Aol dm elgel AS shel SAYel YA g

A e B3 2% gehts 4 A5e] wsts w o
oele Ao BHEYs] wEol.

2.3. 3x+4 AA =A A A

2010 A6k, 2021 A8AF gh=Ql Q1A A= 32k FA S48 A
Atdell M= BFRARRAL 7142 A, S ARAL S8 %2 AHA & dl N

o] AAE ~MEFG o, 20099 SizeGERMANY o] 4 =

grezbAl, e o2& WeAE ARt 2 A

4
=
2 o
rr
1
BN

ArARYOl A A E 712 AAAAI 9 SEAAARAIL, 7] k2 AAE 20

I~

om, FhHow Al BH AAE 3349 2AsL o]F A

Jlo

o
T

e8] Hg3ten 3 Aa A (Klepser & Morlock, 2020; Petrak et

al, 202005 vlegtom o] wi= Ax = Adoa AL Ayd= T

Ao 21A v go] =4 W3l Aoz 7UEHE 521 A 71A (L4}
A2, S8 AA, AeAA)E =8 tH(Figure 9).
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Posture 1 Basic standing pose

Posture 2 Applied standing posel

i

[

Posture 3 Basic sitting pose

Posture 4 Applied sitting pose

5

i

Posture 5 Walking pose

Posture 6 Applied standing pose2

{

I

Figure 9. Three-dimensional scanning posture
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24. AAZA7 309 549 24LE

B oA A6~83F =l AAl x4 33 FY 4 ALY
7} Lee et al.(2002)2] A5 Faste] oF Al ALz d=dd 22719
AA Fo WEvizer 32709 AA SIS

A{EZA4E vl 4719 FAE5 AEste] 7|2 A 33] Al E
g & 1 sbeEddgs AFEsEdTh @A 7o 23S HFAINA

2 BolEF Sols BAE Fgagith AT A4t A G4 1)

)
1 el A A3 AR PRl QA B=nhae] AHAZ FAed
g F e 34719 el Agel AEd A% FAE AH§ e
AR A5E AHZASNAG. 24 e % 35 o|Tojgon, RE )
Ao ARZ4e AT AYAe nx AT FAs

3 Z4e AhZ4el Bk F ovkx ARHgon, oA A AA

g 28t o) YA Zzke] AAvin 257, £ 14 YA,

U 5 AFgete] JAATG FAR AAE AL 5 AES wE
o,

Kim, 2018)& AR&3ke] &EA4esith. Al 54 W2 Lee et

al.(2002)°] A2} A6~8xF =<l AA A

Ko, 3xkd 27 5 AHFS4H

FEGd=Ed )9 45 54 WS 3AY 27 dHolgel stA A
1

st 248k tH(Figure 10).
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Table 2. Anthropometric measurements

Items No. Meaistlérrs;nent Landmark Anthropometric methods
1 Stature Vertex Vertical distance between floor and
vertex
9 Cervical height Cervical Vertical distance between floor and
£ cervical
3 Waist height Lateral waist Vertical distance between floor and
g lateral waist
Height 4 Waist height Anterior Vertical distance between floor and
(7 (omphalion) waist anterior waist
. . Buttock Vertical distance between floor and
5 Hip height protrusion buttock protrusion
6 Crotch height Crotch Vertical distance between floor and
g crotch
7 Knee height Midpatella Vertical distance between floor and
g D midpatella
8 Shoulder length Latﬁilerr;?k’ Body surface distance between lateral
g choulder neck and lateral shoulder
9 Biacromion Lateral Body surface distance between lateral
length shoulder(R/L) shoulders
10 Interseve. front Front Body surface distance between front
e, axilla(R/L) axillas
} Back Body surface distance between back
I Interseye, back i (R/L) axillas
Anterior
12 Waist front neck, Body surface distance between anterior
length Anterior neck and waist
waist
Length :
9) 13 Waist back Pc)sgel;?}; Body surface distance between cervical
length waist and posterior waist
14 Vertllecrzli;tgunk Ccez;gil’ Distance between cervical and crotch
Gluteal fold,
15 Thigh vertical 'ﬁ;ttue;%f Distance between gluteal fold and
length J calf and posterior juncture of calf and thigh
thigh
;ﬁg&%ﬁ Body surface distance between lateral
16 Arm length Ra dialey shoulder and ulnar styloid through

ulnar styloid

radiale

_35_



Starting from the cervical, the

Neck base Cervical circumference of the lateral neck(R), the
17 . Lateral neck, .
Circumference . anterior neck, the lateral(L)and back to
Anterior neck .
the cervical.
18 Chest Axille Horizontal body circumference at the
circumference a height of the axilla
19 Under bust Inferior bust Horizontal body circumference at the
circumference height of the Inferior bust
Waist . Horizontal body circumference at the
20 circumference Lateral waist height of the lateral waist
. Waist Anterior Horizontal body circumference at the
21 circumference . . . .
. waist height of the anterior waist
(omphalion)
Circum o Hip Buttock Horizontal body circumference at the
ference circumference protrusion height of the buttock protrusion
(12) Knee Horizontal body ci fi
. y circumference at the
23 circumference Midpatella height of the midpatella
Midthigh . Horizontal body circumference at the
24 circumference Midthigh height of the midthigh
95 Calf Calf Horizontal body circumference at the
circumference protrusion height of the calf protrusion
Medial
% Ankle malleous, Circumference through the medial and
circumference Lateral lateral malleous
malleous
Stretch upper . Circumference perpendicular to the arm
27 arm Axilla . .
. at the height of the axilla
circumference
Lateral . .
Armscye Circumference passing through the
28 . shoulder, .
circumference . lateral shoulder and axilla
Axilla
Breadt 29 Chest breadth Axilla Horizontal distance between both axilla
h
) 30 Biacromial Lateral Horizontal distance between both lateral
breadth shoulder shoulder
Anterior
31 Waist depth WalSF, Depth of the side tqrso at the anterior
Depth Posterior waist
2) waist
39 Hip depth Buttogk Depth of the side tor;o at the buttock
protrusion protrusion
- 36 -



—— Height —— Length —— Circumference —— Breadth & depth

Figure 10. Anthropometric measurement locations
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25. 3% 27 dolg HA

o]

A

3k 2 B Fole F2AA oA Aty o] EHad 7
Ag Axgo], 4, & F 5 b <A Feld 7HEA AgE

at dlolgel "’ o] A7 A7 AT & Jrt
(Figure 1la). o]&|st 33 dlo]lH ¢ A3S 3D Sense(3D Systems,
USA)<} Blender(Blender Foundation, Netherlands)E AF-&3Fe] H A 3FS

tHFigure 11b).

(@) (b)

Figure 11. Three-dimensional body data
(a) Raw scan data
(b) Corrected scan data
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2.6. 339 27 "oy xF EX

3349 dold F NEAAGAANN ZAH A5E AHAZHA G} vaLE
of 27 el mAel & o]FojHiA FAstgon, HeHE u

A zkol HolHE AFEE 5 ASA dotry] e 3271 FA &5 (Table

AR A S48 A Aot Y AACIEAAADANA SAHE AFE
Alaski Tk A o= 5749 &4 dHelE ek 170 FA HeolE el s

] meh dstats QA S thPEoR 2457 91d 334
27 dolHol A Ust X wH FHS BAT F Qe 2ZEG o]
g Austect. o ZZECIE ASSE au 9HE ol &
AolwA AFATE st A9 AA wHe FE 5 gov], wwe)
g, 4 Ael, wel 17 &

al
0=rtd AForw F43 5 Jrk(Figure 12). 3 52 Aol m&
il
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¢ 5 =S so] 344 dolE ke w waE 9% golasl aal
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1 A AASh AH AA ke B o wfol sk fo sk Fopnr] )

Back Left

fg s
P

N |
B RGO "‘MM { M 0

BRooBs B, |B, B, B, Ble

Figure 12. Measurement at body cross section
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D & B Oresecive @ orthogana
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Figure 13. Overview of body section analysis software
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AT MR Al2"S ARESte]l ARd HHEe stEAE v
wshz] e Y Aol Hag AA XFE Table 33 o] o4l 7}
Al AAME Hre] HolH AMEE Al el HuE 93 tlo
Bt 1209 A A5 &8s on g2AAEY 45 2715
o ® vpA s AR = {l7] "ol 7| EAAA S} F T
£ A& tH(Table 3). tlEAF 1912 2021d A8} =420 AA| A4
ZAARG 9] 200 EA Y ThEEd HEA(1004cm)oll TR 2ol
e QA A Wzl WEe A vetde ddaE AAsdn. o E o
%+ Figure 149} o] ¥4 7l M= 9% sd(Nam & Lee, 2016)3}
2 71238 "9 (Choi, 2008)< AF-§-3F31
AT AR A2 AFEEe] SR Y] FEE s Atel et
F3st9 o CLO 3D (CLO Virtual Fashion, Korea)Z 712
of dvhe] &9 WA AEste] WY S dod= T BEE HE
S8 FE9 oFo] i 3o s WEHH= FHe HrE

U= Wy E £2(CLO 3D, 2019)8 #<l3}ed 3 7Fsk ATt
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Table 3. Representative body size data set (unit: cm)

Height ig)gt;}tl }iinge}ft Hip height Circfrillfeesrtence circﬁl?iesrtence circug?ejrence 12?;51 lglr;lh
Posture 1 177.66 78.64 47.02 88.78 102.53 79.65 93.02 44.02 60.04
Posture 2 177.68 78.91 47.41 88.84 106.68 80.44 92.89 42.51 57.84
Posture 3 177.66 78.64 46.83 88.78 107.25 82.8 96.5 43.51 63.94
Posture 4 177.66 78.64 47.24 88.78 107.58 82.23 9.1 40.19 56.36
Posture 5 175.92 78.1 50.16 86.45 105.45 79.92 93.75 42.55 61.38
Posture 6 177.64 78.84 46.85 88.84 106.34 80.51 93.12 44.41 56.14
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1.1. =213 e

2 AFAA A AZEQ o9 7|E Al T4 Figure 159 2o

) SNU-PP : Parametric Pattern - kyh911116@naver.com (Admin-Local) - [men_basic11 ppattern] - o bed
[J File Edit Pattem Point Line Special Tool Window = [ax
D '@ oﬁ Fﬂ cﬂ £} | EdtSzepericble | Toggle @ i PontNeme | |UneName | | Auxine | | Adis | | Linelength CutLine DXF Converter @ Fashign Technoloy
Pattern List Objects in Selected Pattem
IEE Unit =em - P20 (divided) ~
| P21 (normal)
= £22 {normal)
P23 (normal)
P24 fnormel)
—— E— - P25 (moved)
P26 (moved)
Add Edit P27 (moved)
P28 (moved)
Duplicate Delete ~ -Segment
L1(P5,P22,P15,P21,P14)
Add Absolute Point L2 (P13,P19,P23,P24,P5)
L3 (P14,p28)
Cancel Sewing Line L4-1(P28,P6)
- L4-2 (P6,P27)
Virtual Pattern L6 (P27,P13) W,
Angle |1 Degree Pattemn History
rastory-1
Rot. CCW | | Rot. CW
Disable Virtual Pattern
SizeNariable List
e
c 106.4 Size Table
i s Name Value
H 548
Baddength  43.2 -
Am 60.4
Crotehi. 75.0 v|
Fitting
Define Fitting Operator
Apply Fitting Operator
Drape Simulation
Setup for Smulation
ki Unselect Al Clear Al

Project |oaded (Global action list)

Figure 15. Overview of parametric pattern design software
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1.2. &9 EY gy A

e EY Y A Z2AxE Sy go] AW 4 it WA
i (QUA Hole)E dHstar s AzHE A3 &4 (Lee, 2012)&
) H S AFE o] Ao sth(Figure 16a). ©S A=d sfelo] =7]9
AAE AQGste] 2+ e 7] HAE Btk (Figure 16b). A+ W

Mol APe tge Yo AU ofFt FEL A5 449

HElS A3 tH(Figure 16c). o2 AA, EHM, HEA A7)

A5 F7F 8A4E At AHHS AR H=2 Ao (Figure 16d).
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Pattern Setting

Name ‘ Front ‘

wth  [ust4)+25 | eght  [packiength |
X Offset |0 | YOffset 0
o

Figure 16. Parametric pattern design process
(a) Variable list
(b) Definition of initial pattern range
(c) Definition of geometry

(d) Definition of additional elements

1.3. #ZHEY IAd ¥y oA

st Ee dH AEE SR AZE AdA X5 delEH NEE
Abgete] siH o] FJHE A WIE 5 Aok Figure 172 P4 7] &
Mz 93 F"d(Nam & Lee, 2016)S Table 49 thst AA A FE&

WA AR AES FPske] Felg Aol

2
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Table 4. Anthropometric dimensions of the overlapped pattern (mm)

Height circfril]feeslfence circzr\]nz}g[ence circurlrilgrence Bacl length
1 1,666 885 734 891 415
2 1,700 925 772 933 425
3 1,735 965 820 970 440
4 1,773 1,013 865 1,006 454
5 1,803 1,060 955 1,045 470

|

.
=

Figure 17. Examples of parametric overlapped pattern

Figure 182 H4 712 M= 3 3l'd(Nam & Lee, 2016)% &3
71323 3l¥(Choi, 2008)= =& o= HIPAAE Fo=z 2015 A7
gkl QA A4 ALY S Farste] @A R Zolrh v A A

= % Aot

Lo

T A E(Table 5)°ll BtAl WPk 712
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Table 5. Example of extreme body size data (unit: mm)

Height Chest Waist Hip Back Crotch

£ circumference circumference circumference length length
A 1,609 828 678 829 392 712
B 1,876 1,146 1,127 1,144 499 890

Figure 18. Examples of parametric extreme pattern
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AN Am sedEY o8 E A Asge 71Ee I
FAgeld W AgHY 4§ TIPS FASA 299 A%
Ag o)z FAe AxRe FASALG HAE Jue AE

2 AH8% Kim (2012)¢] A7 B2 el FH08 9% A2 7

L3l oFst= Harwood et al. (2020)2] A9 & 2 A4+ wi/lHATE
A5t FJevEE US nvEgo R JEHS oFE= HI AL Ao
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Al 2 A 329 AA 27 dHolH

1. 8539 334 54 23 ¥

Fol¢E 95% FEolA 2879 AA AT EAHOR foF 2ol
b Qe Ao UehdtH(Table 6). 23 3fol7h g 2ol Aok

o, Jhwu), S FAs 44343 349 29 24 Uy Aow

T Y3 SAA JgHATa Hol s AFE Aol 2
okt 22y, Asd s 33 27 dlolHolA b ol
57 A F9 F dolal(Paek & Lee, 2008) o5 R A= A
A ARAR BA 7Y FAR AR Ao A<l wke] Fo] X3
o] dlolE] EAA A7t 7.68% HAt|o EA A Al €] e tHHan
& Nam, 2009).

AT Ades 3R 2 Ve B e dHoR 3 =
S AHFAE AF ko] Aol7t WHAZ Chi and Kennon(2006) 2]
A7+ Han and Nam(2009)¢] <1+ &g 329 A 549 Ag=rt
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Table 6. Comparison between direct and 3-dimensional body measurements

Direct 3-dimensional Percentage(%) /

Mean+SD(mm) Mean+SD(mm) creentagelzv) /- p
Stature 1755.08+30.7 1755.67431.6 0.03 / .610
Cervical Height 1482.25432.9 1484.03430.6 0.12 / .555

Waist Height 1089.00+28.9 1084.80+22.9 -0.39 / .105
Waist Height 1028.75421 1029.28+16.5 0.83 / 853
(Omphalion)

Hip Height 866.1623.1 867.02419.1 0.1 / .808
Crotch Height 767.75427.1 762.18+26.1 <0.73 / .066
Knee Height 466.0048.3 465.20+7.6 0.17 / 375

Shoulder Length 149.9149.1 150.2549.2 0.23 / 410
Biacromion Length 473.25427.1 477.00+27.8 0.79 / .183
Interscye, front 356.41£18.6 356.24+18 -0.05 \ .856
Interscye, back 394.58+24.5 393.40+24.2 -03 /7 .117
Waist Front Length 363.16+19.2 364.90+18.5 0.48 / .061
Waist Back Length 414.08+19.8 410.70+19.9 -0.82 / 516
Vertical Trunk 716.00420.7 716.83421.5 0.12 / .145
Length
Thigh Vertical 294.91+17.6 293.38421.2 -0.52 / .688
Length

Arm Length 583.41420.4 583.65421.5 0.04 / 750

Neck Base 443.66+14.7 443.76+13.3 0.02 / .897
Circumference

Chest Circumference 940.25+68.1 939.48+68.5 -0.08 / .276
Under bust 871.82+66.5 871.76+67.2 -0.01 / .949
circumference
Waist Circumference 765.50+36.8 765.07+37.1 -0.06 / .593
Waist Circumference 791.41439.1 792.05439.4 0.08 / 353
(Omphalion)
_ 55 _



Hip Circumference 938.83+27.3 938.71£28.0 -0.01 / .849
Knee Circumference 357.75+15.5 357.37£15.3 -0.11 / 438
Midthigh 538.58+26.8 538.33426.6 -0.05 / .595
Circumference
Calf Circumference 369.08+17.1 369.79+18.6 0.19 / .479
Ankle Circumference 216.66x11 216.16£10.6 -0.23 / .198
Stretch Upper Arm 297.58+32.2 292.29+30.6 178 / .009%*
Circumference
_Armscye 427.58+40.4 460.43+35 7.68 / .000***
Circumference
Chest Breadth 332.41+17.8 335.59+£19.9 0.96 / .014*
Biacromial Breadth 405.83+£20.3 402.00+24.7 -0.94 / .194
Waist Depth 177.58+18.4 193.42+11.5 8.92 / .001**
Hip Depth 212.50+15.6 215.30+17.9 1.32 / 281

<03, *p<.0l, ***p<.00]
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Table 7. Dimensional changes between static and dynamic postures - height

Mean=SD(mm)
Percentage(%) / p

3

i L ; j? i\ ‘
(Posture 1) /i{ (Posture 2) (Posture 3)% (Posture 4) Y| (Posture 5) %f (Posture 6) ;
R 1
S 1755.67+31.6 1756.49+30.6 1734.05+31 1756.77+30.4
tature
0.05 / .400 -1.23 / .000*** 0.06 / .588
) ] 1484.03+30.6 1482.31+29.7 1465.35+29.6 1483.64+32.2
Cervical Height
-0.12 / .062 -1.26 / .000*** -0.03 / .643
) ) 1084.80+22.9 1084.74+21.1 1054.90+23.2 1073.35+26.7
Waist Height
-0.01 / .989 -2.76 / .000*** -1.06 / .071
Waist Height 1029.28+16.5 1035.10+20 1014.10+17.1 1025.35420.3
(Omphalion) 0.57 / .032* -1.47 / .001** -0.38 / 212
867.02+£19.13 869.61£17.8 847.25£16.5 867.76£19.2
Hip Height
0.3 / .068 -2.3 / .000*** 0.09 / .064
762.18+26.1 759.36+26.3 743.27+21.2 763.60+23.5
Crotch Height
-0.37 / .539 -2.48 / .001** 0.19 / 365
) 465.2017.6 464.85+7.4 474.71+16 465.24114.4
Knee Height
-0.08 / .739 2.04 / .021* 0.01 / .975

Sitting Height

1418.40+25.3

1425.42428.1
0.49 / .008**

Cervical Height

1146.15+29

1148.80+28.7
0.23 / .46l

Waist Height

745.41£17.1

769.16+17.4
3.19 / .001**

Knee Height

479.45+19

478.20+16.8
-0.3 / 334

<05, **p<.0l, ***p<.00]

_59_



Hr

;OO

N

Table 83} #ti.
X]‘/H]y
F7HA =

-

=

T

T

23}

ApA ol A

T

o}A o7l Zol7k Fol

1
=
=]

)
8l

SEE
7ol
A, 2

[e)

T

o

S
s

_g]
Holt. ol dole] A5 w ool 1

a

S
™

L
E

2} A 201 A

vl
(o)

&
AL, 7]k ek

A

(

7|

A

ﬂ

o

o
[€)

o]
Q

[}

ol
oH
o
U

¥r

0

)

N
ar

o

ApA ol A

0 g oLo
O O X T

AAe) A

7
Nlo

b

)

~
o

4

o] AANA Aol7t 3

J

XH
ar

e

=]

=

A}

X 2FA|2

oo

ARt &

w
&

Tk 1

=

].

o

Al Aol 7k FrobA

94

i

[e)

Fdl et ghol

°©

&

o T 7

-
u:hl
)

—_
fite)

A

7]

T
o

_60_

Aol ZAa7b YERsiH



LA, A= ARA)

1O
b7 N

fo L)

T

A S 7k AW (7]

&l

Frel)

ApA ol A

=
2=

0.1,

5

A AFA2)

o
=&

)

& o2 AHA

B

i

)

}s}

Aol BrEAe] A7 UERE Aotk

i

ol

A EH

AN AAol we

H71 €

o —
*1]_0

FARoE

_61_

-
o

:
i

¥

11

.-"\.\.I

-]



Table 8. Dimensional changes between static and dynamic postures - length Mean+SD(mm)
Percentage(%) / p
(Posture 1) (Posture 2) (Posture 3) (Posture 4) (Posture 5) (Posture 6)
150.2549.2 146.18+10.2 149.89+10 98.20+13.3 148.7349.6 135.1548.2
Shoulder Length
-2.71 /1 .000*** -0.24 / .842 -34.64 / .000*** -1.01 / .613 -10.05 / .000***
477.00+27.8 487.80+27.7 502.49+21.5 365.74+55.9 511.90+26.4 472.59+37.4
Biacromion Length
2.26 / .002%* 5.34 / .000%** -23.32 / .000*** 7.32 / .000%** -0.92 / .516
356.24+18 324.45+16.6 344.70+15.1 291.55+27.3 349.37420.2 357.67+15
Interscye, front
-8.92 / .000*** -3.24 / .020* -18.16 / .000*** -1.93 / .161 040 / .774
393.40+24.2 413.20+17.7 393.70+18.4 423.83+31.2 378.99+27 372.49425.5
Interscye, back
5.03 / .000%** 0.076 / .954 7.74 / .000*** -3.66 / .049* -5.32 / .006**
364.90+18.5 371.00+16.4 357.84+25.4 357.99422.2 358.46%15.5 369.50+17.1
Waist Front Length
1.67 / .010* -1.93 / .200 -1.89 / .205 -1.76 / .110 1.26 / .298
410.70+19.9 408.50+16.4 404.19+20.5 401.19+21.6 413.42+17.3 415.07+20.5
Waist Back Length
-0.54 / .656 -1.59 / .205 -2.32 /217 0.66 / .559 1.06 / .339
Vertical Trunk 716.83+21.5 715.861+22.8 691.16+23.8 691.534+25 722.06+21.3 719.774£22.6
Length -0.14 / .613 -3.58 / .000*** -3.53 / .000*** 0.73 / .135 0.41 / .085
Thigh Vertical 293.384+21.3 294.28+16 278.38+14.7 291.20+16.3
Length 031/ .772 -5.11 / .005** -0.74 / 531
583.65+21.5 574.48+14.9 611.92+17.1 554.11424.8 599.32+13.8 534.26+14.6
Arm Length
-1.57 / .118 4.84 / .002%* -5.06 / .000*** 2.68 / .004** -8.46 / .000***

<03, **p<.0l, ***p<.00]
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Table 9. Dimensional

changes between static and dynamic postures -

circumference

Mean=SD(mm)

Percentage(%) / p

Lo 3 =
e N
(Posture 1)@ (Posture 2)}?1 r (Posture 3)@% (Posture 4)@1 (Posture 5)%' (Posture 6)7;@
i { 4.
Neck Base 443.76+13.3 440.35+13 443.53+14.2 438.39+14.5 442.56+12.7 438.65+14.8
Circumference -0.77 / .004%* -0.05 / 742 -1.21 / .001%* -0.27 / 399 -1.15 / .008%**
939.48+68.5 948.10+74.7 956.68+68.3 922.83+62.3 944.76+67.1 937.99+62.1
Chest Circumference
0.92 / .013* 1.83 / .000%** -1.77 1 .002%* 0.56 / .032* -0.16 / .603
Under bust 871.76+67.2 878.35+72.0 881.90+64.9 870.85+54.1 868.09+63.1 868.45+59.8
circumference 0.76 / .015* 1.16 / .024* 0.1 / 906 -0.42 / 318 -0.38 / 437
765.07+37.1 764.01+38.6 802.10+36.9 792.79+41.9 770.53+35.8 769.30+32.7
Waist Circumference
-0.14 / 471 4.84 | 000%** 3.62 / .000%** 0.71 / .010* 0.55 / .197
Waist Circumference 792.05+39.5 788.41+37.8 813.31+43.5 798.96+45 794.58+43.6 791.79+41.5
(Omphalion) -0.46 / .008** 2.68 / .000%** 0.87 / .187 0.32 / .484 20.04 / 944
938.71+28 938.56+28.2 943.69+30.1 938.47+27.7
Hip Circumference
-0.02 / .669 0.53 / .027* -0.03 / 584
357.37+15.3 357.78+15.7 366.67+14.2 366.50+14.3 355.1249.8 358.56+14.7
Knee Circumference
0.11 / .155 2.6 / .000%** 2.55 / .000%** -0.63 / 515 0.33 / .188
Midthigh 538.33+26.6 538.12426.4 534.50+28.3 534.40+28.2 542.90+28.1 538.01426.7
Circumference -0.04 / 465 -0.71 / 221 -0.73 / 205 1.41 / .014* -0.06 / 259
369.79+18.6 369.56+19.1 375.78+19 375.98+18.8 371.92+18.9 369.72+18.6
Calf Circumference
-0.06 / 514 1.62 / .001** 1.67 / .000%** 0.58 / .046* -0.02 / .833
_ 216.16+10.6 216.21+10.9 216.76+11.1 216.88+11.3 217.24+10.8 216.50+10.8
Ankle Circumference
0.02 / .854 0.28 / .396 0.33 / 321 0.5/ .017* 0.16 / .293
Stretch Upper Arm 292.29+30.6 295.70+28 304.09+32.9 297.41+28.4 308.48+28.9 300.02+22.8
Circumference 1.17 / 336 4.04 / .001%* 1.75 / .067 5.54 / .000%** 2.64 / .059

<05, **p<.0l, ***p<00]
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Table 10. Dimensional changes between static and dynamic postures - breadth and depth

Mean+SD(mm)
Percentage(%) / p

(Posture 1)@ (Posture Z)T (Posture 3)% (Posture 4)

(Posture 5) “d

(Posture 6) Ms

402.00+19.9 399.50+10.5 408.70+15.5 249.73+£26.3 399.95+17.2 372.95+14.7
Biacromial Breadth
-0.62 / .550 1.67 / .158 -37.88 / .000*** -0.51 / .750 -7.23 / .000%***
335.59+24.7 316.66+22.7 328.86x18.4 320.60+33.8 316.23+13.6 323.12+19.6
Chest Breadth
-5.64 / .002%** -2.01 / .174 -4.47 /| 018* -5.77 1 .003** -3.72 / .002%*
193.42+11.5 190.90+12.4 204.42+12.1 200.40%10.6 194.41£13.3 192.79+13
Waist Depth
-1.3 / .296 5.69 / .000%** 3.61 / .015* 0.51 / .610 -0.33 / 733
215.30+17.9 218.87+16.7 220.53+19.4 218.89+16.5
Hip Depth
1.66 / .070 243 / .041* 1.67 / .106

<05, **p<.0l, ***p<.00]
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3} tH(Figure 21c).

A=A A A= = WA Adet FdEA FEe Ay 2
o] £x9ols utetoZ Front Left, Back Righte] W2 o] Z7}slgdrt

QA5 EE 2

o}
N

3

_4

(Figure 21d).

SEAAAM2N A = v A Wskgo] A FRort & 7
o = 23] Front Left, Front Right, Back Rightoll4 ™4 o] 713t
tHFigure 2le).

_’72_



oW ™ —~
@ o. u JoH Mmm ok G W SR
T w9 % o= A of o o B oo W
S : TN of I mE o
R o 0 = Xﬂ N o ™) To & R )
ofn CAR 2 do N RN <] ~ . =~ B o
o R " oW R S g
Mo o X o ™ T X o 3 Nlo < X
o AN ;O l —_ ~ ‘W_O” —_— w% ‘m,% —_—
mjo o B T ) « -~ R 0 nk = 5 o X
4 o ™o M NoOXD [ 2 =
Po o7 = N = o) = ) N R
SH ~ e X T — No . o
N o o =) © _ N = &
NS e oy O = Koo g T o= S o ®
op PooF . " Iy T oo k2 mo e °
Mw - - ol 1 O do O = T — & mm .
N — ~ 5 el T 4 o 0 N
SR 3 F o S ﬁ@ﬂiﬂ
T LI IR RSN R = B )
o ~ 5 o o =3 W oy - B ™ e M_ s
o 9 o T =G %, H BomX
A ’ T LT I T G oo
T o - =B B oR X BB TR ®OHE
° = T o= B x ooy X = ° i
RN 2 Py Ty o I
T 2o XA o ol B o K= W
=) X oE =~ 0o ol N~ = —~ 9 ~ —
1w E 5 SR S
L I S T
i T = o} ol AT
o E R « B T T o o T 25 90
T B B o P T T o5 :
= o S U an o mm . o} 3 o oy y
o 2 ok o o4 T 5 B X 9 ey " ol 8N o &
B TR BN o om0 T L o o oo WX R
R S P Vg o H gk 5T "
N W o) = L SR N — oo [T N
w & ! o g oF om M ° 2 T
ooy T W 4 ™ oo L mo o)) =
g _ f:A I & F = B oo 5 L o o oS L
N ﬂ_w” ~ ]7_A| ‘WL OWO E._O OﬁE

_’73_

3} tH(Figure 22¢).

S

Front Left, Front Right, Back Right, Z1g]i
=7t

T

T

ApA ol A

[e)
Back Left®] WH2%o] X

T

ApA o] A

= ot = 2
A verg o 2 8% vt dfoe g2 Urb Front Right

A

L=

T

o
89
2



Back Rightt® #4stdth 9% t2l7l S = |2 o|H Front Lefte 7
—

S &A= 71 EAAAA L Aol 7 gl A2 UEHT (Figure

_’74_

e gk



Table 11. Comparison of chest cross

sections

MeaniSD(CmQ)
Percentage(%) / p

2
(Posture 1)@ (Posture 2)%’ (Posture 3)EQ% (Posture 4)@%‘ (Posture 5)@ (Posture 6)
A &
. Left 1722.74216.5 1772.1£199 1766.4+181.5 1539.4+172.1 1748.4+202.5 1801.8+197.3
ront Le
2.87 / .027* 2.54 / .107 -10.64 / .000*** 1.49 / 138 4.59 / .001**
. Righ 1670.7+£254.6 1579.84245.6 1728.1+£251.1 1502.3+208.3 1671.94205.3 1469.61204.6
ront Right
£ -5.44 / 0.49* 344 / 139 -10.07 / .001%** 0.07 / .967 -12.04 / .000***
Back Righ 1635.2+255.4 1652.3+269.4 1657.91316.2 1667.6+185.8 1836.6+275.1 1724.61224.3
ac 1ght
£ 1.05 / .743 1.39 / .765 1.98 / .507 12.31 / .003** 5.47 / .039*
Back Left 1719.3+257.4 1821.3+254.6 1774.61225.7 1643+234.8 1594.7+261.2 1687.5+266.9
ack Le
5.93 / .008* 3.21 / .039* -4.44 /| .047* -7.25 / .000%** -1.85 / .306
*p<.05, **p<01, ***p<001
Table 12. Comparison of waist cross sections MeantSD(cm?)
Percentage(%) / p
it A
(Posture 1) (Posture 2) (Posture 3), (Posture 4) (Posture 5)&[ (Posture 6)
1054.4+117.8 1066.4+95.3 1162+121.1 1151£108.7 1114.6£121.9 1106.7+£89.7
Front Left
1.14 / 443 10.2 / .000*** 9.16 / .001** 5.71 / .000*** 4.96 / .005*
1059.6+83.7 1053.9494.1 1160.1£85.5 1152.4+65.4 1079.9496.2 1083.8+£87.7
Front Right
-0.53 / .534 9.49 / .000*** 8.76 / .000*** 1.92 / 125 2.29 / .028*
1136.6+161.5 1159.9+172.5 1218.9+171.5 1153.5£159.6 1198.8+175 1178.4+148.6
Back Right
2.05 / .145 7.24 / .000*** 1.48 / 212 5.47 / .005* 3.68 / .006*
1170.8+124.7 1173£145.9 1251.4+130.2 1202.7£124.3 1166£155.3 1178.9+138.2
Back Left
0.18 / .778 6.88 / .000%** 2.72 / .033* -0.41 / .762 0.69 / .631

<03, **p<.0l, ***p<.00]
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Table 13. Comparison of hip cross sections

MeantSD(cm 2 )
Percentage(%) / p

(Posture 1)

(Posture 2)

(Posture 3)

(Posture 4)

(Posture 5)@ (Posture 6) Mk

1663.5+122.1
Front Left

1663.4+113.7
-0.01 / .998

2133.1+£169.2
28.23 / .000%**

2117.1+181.4
27.27 / .000%**

1610.2+118.7
-3.2 / .009*

1673.5+110.4
0.6 / .578

1648.7+104.6
Front Right

1620.7+105.8
-1.7 / .037*

2221.1+211.5
34.72 / .000%**

2237.3+207.2
35.7 / .000%**

1871.8+179.2
13.53 / .000%**

1645.7+100.7
-0.18 / .823

1580.2+113.6 1571.7£125.3 1939.2+159.5 1954.3+154.8 1456.4194.3 1604.9+115.1

Back Right
-0.54 / 287 22.72 / .000*** 23.68 / .000*** -7.84 / .000*** 1.57 / 117
1599+112.8 1568.8£129 1912.4+186.8 1937.4£163.4 1747.£112.8 1601.2£121.6

Back Left
-1.89 / .008* 19.6 / .000%** 21.16 / .000*** 9.27 / .000%** 0.14 / .894

<05, **p<01l, ***p<.001]
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Posture 1

Posture 1~6

(a)

Posture 1

Posture 1~6

(b)

Figure 23. Example of averaged pattern variation
(a) Shirt pattern
(b) Slacks pattern
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— Pagsture 1 —— Postu {- 4,
—— Posture 2 —— Posture 5
—— Posture 3 —— Posture 6

(a)

(b)
Figure 24. Example of individual posture pattern variation

(a) Shirt pattern
(b) Slacks pattern
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r)Posture 1
Weighted for posture 3 and 6

(a)

—— Posture°1 o
——— Weighted for posturj 3and 6

(b)

Figure 25. Example of weighted pattern variation
(a) Shirt pattern
(b) Slacks pattern
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Figure 26. Simulation of averaged pattern

(a) Clothing pattern based on Posture 1
(b) Clothing pattern based on Posture 1~6
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(a)

Figure 27. Averaged pattern strain map
(a) Clothing pattern based on Posture 1
(b) Clothing pattern based on Posture 1~6
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Figure 28. Averaged pattern stress map

(a) Clothing pattern based on Posture 1
(b) Clothing pattern based on Posture 1~6
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Figure 29. Simulation of individual posture pattern
(a) Strain
(b) Stress
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Posture 3 Posture 6

Strain

Stress

Figure 30. Simulation of weighted pattern
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Abstract

Development of parametric
garment pattern design method

reflecting dynamic posture

Yeonghoon Kang
Dept. of Fashion and Textiles
The Graduate School

Seoul National University

In this study, a garment pattern design technique using parametric
methods to automatically modify the shape of patterns based on
individual body dimensions has been developed. The principle of
parametric design 1s to define points, lines, and patterns through an
action list or apply various geometric conditions. Additionally, various
functions have been developed for the efficient definition of parametric
patterns, including dart manipulation, seam allowance, and length
adjustments, which are necessary when constructing garment
patterns.

To address the issue of fit caused by body movement, an

analysis of the dynamic changes in body shape was conducted using
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3D scanning technology. Twelve males in their 20s were scanned
while performing six different movements, and the changes in body
shape were compared and analyzed according to body dimensions and
body sections in dynamic postures. For the analysis of body sections,
the chest, waist, and hip, which are the reference points in the
clothing size system were selected, and the cross sectional shapes
were divided into quadrants to systematically analyze the changes in
cross sectional shapes.

A method has been developed to incorporate the variations in
body dimensions caused by movements into the parametric pattern
system. The first method 1s averaging the body dimensions obtained
from all postures and incorporating them into the parametric pattern
system. The second method 1s the reflection of individual
posture-specific body dimensions. This method 1s wused when
generating garment patterns for each specific movement. The third
method involves reflecting body dimensions for each specific posture
with weighted considerations. This method is employed when there is
a need to distinguish between more important and less important
movements.

This study analyzes changes in human body shape according to
dynamic postures and reflects them in the parametric pattern design
system. The changes in the shape of the human body according to
various dynamic postures were examined in various ways. And it is
significant that a parametric pattern design technique that can easily

be reflected in clothing patterns has been developed. Based on the
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results of this study, a wide range of ergonomic clothing designs can
be achieved. It is also expected that it will contribute to the
development of a new size system that incorporates dynamic postures
based on analysis of body dimensions and serve as fundamental data

for analyzing body shapes in ergonomic design.

keywords : Dynamic posture, Garment pattern, Personalized
garment, Three-Dimensional scanning, Parametric pattern,
Ergonomics design
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