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ABSTRACT

The purpose of this study is to provide basic information for the development of pants pat-
terns with a high level of fit and comfort through calculating surface variations of lower body
parts by movement, grouping them into factors, and analyzing how their surface variations link
to one another. The achieved results will help determine essential elements for constructing pants
patterns, such as key measurements of lower body parts, the amount of ease values and selection
of fabrics, which should be taken into consideration for allowing better movement in clothing.
The study required lower body 3D scanning of women for analysis, and 13 women between the
ages of 20-24 participated in the scanning, which was done by using Artec Eva 3D scanner.
Their scanned data were digitalized and converted to measure the values of their lower body
surface length and girth in pre-determined positions such as walking, stair climbing and sitting
on a chair. These measurements have been statistically analyzed through SPSS 21.0 to obtain the
average amounts and rates of extension for each of the measurement item. Some of the high-
lighted study results are as follows: The surface length and girth measurements were grouped in-
to 4 factors based on their average extension rates. The results from correlation analysis between
measurement items within each factor demonstrated that common items linked to all the changes
in the values of other items in the three movements. But in most cases, items were not always
correlated with each other for different movements. The results also showed that there were cor-
relations between girth measurements, length measurements, and girth and length measurements.
Therefore, key measurements for daily pants should be determined within reasonable estimations
between relevant measurement items, while the measurements for work pants, which often with-
stand certain postures or repetitive movements, may require measurement items that are appro

=TS 201698 Asristal KUSHE 8] 2 Yo 9)gh =9,

Corresponding author: Ji Min Kim, e-mail: goldenrain@hanmail.net


https://crossmark.crossref.org/dialog/?doi=10.7233/jksc.2017.67.3.081&domain=kjournal.co.kr&uri_scheme=http:&cm_version=v1.5

NRAl 5E674 39%

priate for, and closely related to, certain movements or tasks.

Key words: 3D scanner(3D 2:7§1), body surface variation(X]3™ ®3}), correlation(’dZ7),
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(Table 1) Average Body Measurements of Study Subjects

Ttems 6th Size Korea (age 20-24) (N =298) Subject (age 20-24) (N=13)
Mean (S.D.) Mean (S.D.)
stature (cm) 160.37 (5.26) 161.50 (3.92)
weight (kg) 53.12 (6.73) 53.54 (4.98)
waist circumference (cm) 69.47 (5.89) 67.77 (2.25)
hip circumference (cm) 91.38 (4.54) 92.16 (3.75)
{Table 2> Measurement Items
Items
front waist(FW) back waist(BW)
front waist (omphalion)<{FO) back waist (omphalion)<BO) )%{ )—(
front hip(FH) back hip(BH) [ . [ o\

front thigh (right)<{FTR)
back thigh (right){BTR)

front thigh

back

(left)<{FTL)
thigh (left)<BTL)

FTR

jFTL BTLE\/ j\'/
EmL Bl

front mid-thigh (right){FMR>
back mid-thigh (right)(BMR)

front mid-thigh (left){FML)

back

mid-thigh (left){BML)

FMR

LIRS

front knee (right){(FKR)
back knee (right){BKR)

front knee (left){FKL)

back

knee (left)(BKL)

BKL]

FKI FKL

FCR! FCL  BCL!

front calf (right)<{FFCR)
back calf (right)(BCR)

front calf

back

(left) <FCL»
calf (left)(BCL)

W

front outside leg (right)(FAR)
back outside leg (right)(BAR)

front outside leg (left){FAL)

back

outside leg (left){BAL)

front crotch<{LFC)

back

crotch{LBC)

<inside

<outside leg>

leg>

outside leg [waist girth level~thigh girth level]
outside leg [waist girth level~thigh girth level]
outside leg [thigh girth level~knee girth levell
outside leg [thigh girth level~knee girth levell]

(right) (OWTR)>
(left)(OWTL)
(right)COTKR)
(left)¢OTKL>

outside leg [knee girth level~maximum ankle girth] (right){OKAR)
outside leg [knee girth level~maximum ankle girth] (left)(OKAL)

inside leg [thigh girth level~knee girth level] (right){ITKR)
inside leg [thigh girth level~knee girth level] (left){ITKL)

inside leg [knee girth level~maximum ankle girth] (right){IKAR)
inside leg [knee girth level~maximum ankle girth] (left)<IKAL)

qI8ue ]

front
front
front
front

center leg [waist girth level~knee girth levell (right)(FWKR)
center leg [waist girth level~knee girth level]l (left){FWKL)
center leg [knee girth level~maximum ankle girth] (right){FKAR) { |
center leg [knee girth level~maximum ankle girth] (left){FKAL)

FWKR_FWKL BWPL BWPR

k,

=

li

back
back
back
back

center leg [waist girth level~popliteal level] (right)(BWPR)
center leg [waist girth level~popliteal level]l (left)(BWPL)
center leg [popliteal level~maximum ankle girth] (right) (BPAR)
center leg [popliteal level~maximum ankle girth] (left){BPAL)

FKAR FKAL

BPAL

BPAR

13 o

(Illustrated by Researchers)

The measurement items in (Table 1) have been adapted from a previous publication (Lee, 2015) and reproduced with

permission.

83 —



NRAl 5E674 39%

22!

A A

A9 =

v

NI

1o

oJA97]

71,

& AAA

3

Dx

AFe] 20~24A] A1 9)

o3 o))

s}

o =9 26

Rin

=

B

2=
ne

Al

2

stk P4 F2 o

7] 161.50cm, &7 53.54ke, sl 67.77cm,

9ol 92.16cm= (Table 1> 2t}

[

(o]

138E A4

o

Hoel SR Ed(LE85).

).

¥r
&

o EE(

PN
T
TE )

)ol itk

dEFHU S (L E25) 0
HoeF s (L 85),

ZgBoRE

g (LE%),

al

4

624l &

T(Lee, 2015) <}
3 A% D@ 548, 5

=

<)

Aol 2 el

3]
=4

2o o

3

[
e

¥r
&

=R EEEE

ak
=2

= (2EF),

3D Hole Az AZEYS] Artec

T

o

1‘5}

K

telFAsAlE g Ed A~ eaEolF

).

—

~ 0

telFsAlsel A

2902 A

kv

Freeform plus

o3
T

e

[¢]
e (Table 2)9} 7ol HApA|, B

LE27], A

i

I

[¢)

A~

Dy
Ll
e

. HEI7EEL

chelorz Yt

gl

=
=

A

A~a=Hdsd ]2l (9%),
(sl

Al
=t

in

=

=
21

A

upero

=

=

|

Fed G AAL

I3

Toll AHEE A5 & SPSS WIN 21.0
A2 AHg
o) 75}7]

d

22

R

HE -3.68%9

Uy

o)

v

Mr
)

: o

olJ

1o°
olJ

CRE:

AT (o)A, 2015)9]

A
il

_"

vehd =

tol wEA] AA Al

T
3

Hel Aots A

=
i\l
I

T

o

Aol

-
It

A Aol EE Al



3D 2AFOl S FEF Sl BE shuk Fo T AXD W L PR
{Table 3> The Average Amounts and Rates of Extension
Standing In three |Extension|Extension
Items posture movements | amount rate
M (S.D.) M (S.D.) (cm) (%)
front waist(FW» 34.95 (2.93)(36.35 (3.35)| 1.40%** 4.09%**
back waist(BW) 32.82 (1.57)(33.00 (2.44)| 0.18 0.59
front waist (omphalion)<{FO) 38.78 (2.87)(38.49 (3.43)|-0.28 -0.72
back waist (omphalion)<BO) 34.58 (2.35)|34.63 (2.85)| 0.04 0.14
front hip{FH) 46.21 (3.84)|48.16 (5.13)| 1.95%* 4.23%*
back hip{BH) 45.95 (3.66) |46.78 (4.13)| 0.82 191
front thigh (right){FTR) 29.00 (1.32)]29.81 (2.52)| 0.81* 2.74*
front thigh (left){FTL) 29.01 (1.41)(29.92 (2.24)| 0.91* 3.15%
back thigh (right){BTR) 27.38 (2.47)(26.31 (2.96) |-1.07* -3.68*
back thigh (left){BTL) 27.34 (2.23)]26.60 (2.94) |-0.74 -2.63
front mid-thigh (right){FMR) 26.50 (1.72)(27.21 (2.69)| 0.71* 0.08*
front mid-thigh (left)(FML) 26.44 (1.82)[26.67 (2.44)] 0.23 0.87
@ | back mid-thigh (right)(BMR) 2258 (2.47)122.19 (2.96) |-0.38 -1.57
§ back mid-thigh (left)(BML) 23.19 (1.94) [22.43 (2.48)|-0.77 -3.31
front knee (right){FKR) 18.84 (1.40)(20.62 (1.93)| 1.78%** 9 547
front knee (left){FKL) 18.86 (1.52) [19.66 (1.87)| 0.79** 4.48%*
back knee (right)(BKR) 16.92 (1.72) [16.81 (1.79) |-0.12 -0.35
back knee (left)(BKL) 16.81 (1.71) [17.01 (1.73)| 0.19 1.43
front calf (right)<{FCR) 15.32 (1.18) [15.33 (1.56)| 0.01 0.09
front calf (left){FCL) 15.70 (1.41)|15.82 (1.33)| 0.12 0.96
back calf (right){BCR) 19.12 (2.13) [19.62 (2.06)| 0.50** 2.73%*
back calf (left)(BCL) 18.93 (1.68) |19.11 (1.59)| 0.18 1.05
front outside leg (right)<(FAR) 11.70 (1.22)|11.34 (0.81)|-0.35* -2.53%
front outside leg (left){FAL) 11.42 (0.85) |11.65 (1.02)| 0.23 2.17
back outside leg (right)(BAR) 10.01 (0.95) [10.47 (0.87)| 0.46** 5.16%*
back outside leg (left)(BAL) 10.33 (1.25)|10.11 (1.05)|-0.22* -1.84*
front crotch{LFC» 35.78 (2.16)|31.47 (4.65) |-4.31%** [-12.03%***
back crotch<{LLBC» 39.08 (2.15)(43.18 (4.11)| 4.10*** | 10.60***
outside leg [waist girth level~thigh girth levell
(tight) COWTR) 31.04 (1.72) |30.60 (2.55) |-0.44 1.42
agﬁfiigi;]ii?alst girth level~thigh girth levell 3095 (1.83)13097 (2.14)| 0.02 0.06
al;é;lgiée?;g;lgh girth level~knee girth level] 0788 (257) 2827 (279)| 0.39 134
outside leg [thigh girth level~knee girth levell (left){OTKL) |27.65 (2.34)[27.70 (2.08)| 0.06 0.01
| outside leg [knee girth level~maximum ankle girth] . s
?% (right) (OK AR 36.54 (1.95)[34.89 (2.48) |-1.65 4.48
5 |outside leg [knee girth level~maximum ankle girth] o s
(left) COKAL> 36.84 (1.76) |35.76 (2.39) |-1.08 2.89
inside leg [thigh girth level~knee girth level] (right){ITKR)> |29.55 (2.12)[29.84 (2.68)| 0.30 1.14
inside leg [thigh girth level~knee girth level] (left){ITKL) |29.71 (2.19)|27.93 (1.90) |-1.78*** | -583***
inside leg [knee girth level~maximum ankle girth] ~ wwn | .
(right) {IKAR> 34.22 (1.64)(32.74 (2.11)|-1.48 432
inside leg [knee girth level~maximum ankle girth]
(loft) (TK AL 34.10 (1.89)[33.61 (2.28)[-0.49 141
front center leg [waist girth level ~knee girth levell s s
(tight) (FWKR) 59.55 (2.75) |55.17 (3.73) |-4.37 7.31
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front center leg [waist girth level~knee girth levell

(left) FWKL)

front center leg [knee girth level~maximum ankle girth]

(right) (FKAR)

front center leg [knee girth level~maximum ankle girth]

(left) (FKAL)

back center leg [waist girth level~popliteal level]

(right) (BWPR)
back center leg [waist girth level~popliteal level]

(left) (BWPL)

back center leg [popliteal level~maximum ankle girth]

(right)(BPAR)
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back center leg [popliteal level~maximum ankle girth]

(left){BPAL)

Length
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(Table 4> Factor Analysis Based on Amount of Extension

Factor Ttems Factor |Eigen- Varignce Accurnu.-
Score | value | ratio [lated ratio

front waist (omphalion)<FO) -0.840
outside leg [knee girth level~maximum ankle girth] (left){OKAL) 0.804
outside leg [knee girth level~maximum ankle girth] (right){OKAR) | 0.798
front calf (left){FCL) 0.798
back center leg [popliteal level~maximum ankle girth] (right)(BPAR)| 0.789
back waist (omphalion)<{BO) 0.769
front crotch{LFC) 0.707

1 back hip{(BH) -0.705 | 9.324 | 21.192 21.192
back calf (left)<(BCL> -0.696
inside leg [knee girth level~maximum ankle girth] (right){IKAR) 0.687
back center leg [popliteal level ~maximum ankle girth] (left){BPAL) | 0.679
front knee (left) (FKL) 0.597
inside leg [thigh girth level~knee girth level] (left)<{ITKL) 0.568
inside leg [knee girth level~maximum ankle girth] (left)<{IKAL) 0.557
back knee (left)(BKL) -0.501
front knee (right)(FKR) -0.869
outside leg [thigh girth level~knee girth level] (right){OTKR) 0.840
outside leg [thigh girth level~knee girth level]l (left)(OTKL) 0.839

) back crotch{LBC) -0.809 7035 | 15989 | 37181
back outside leg (right)(BAR) 0.744
front outside leg (right){FAR) -0.734
back knee (right)(BKR) 0.634
inside leg [thigh girth level~knee girth level] (right)<{ITKR) 0.625
front thigh (right){FTR> 0.841
back mid-thigh (right)(BMR) -0.751
back thigh (right){BTR) -0.695
front mid-thigh (left){FML) 0.673
front mid-thigh (right)<{FMR> 0.645

3 6.446 | 14.651 51.832
front calf (right){FCR) 0.608
back calf (right){BCR) -0.597
front hip<{FH) 0.560
back center leg [waist girth level~popliteal level] (left){(BWPL) 0.550
front center leg [knee girth level~maximum ankle girth] (left){FKAL) |-0.503
front outside leg (left)<{FAL) -0.737
back outside leg (left){BAL> 0.674

4 4599 | 10.451 62.283
front center leg [waist girth level~knee girth level] (right){FWKR) | 0.586
front waist(FW) 0.502
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[ contraction

- FCL

OO extension

(Fig. 1) Items on Factor 1

(lllustrated by Researchers)
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{Table 5> Correlation Analysis between Items on Factor 1
Items Movements FO |OKAL [OKAR| FECI. [BPAR| BO LEC | BH | BCL | IKAR [BPAL| FKIL [ITKL|IKAL [BKL
walking 1
front waist (omphalion) <FO) stair climbing 1
sitting on chair 1
outside leg walking -.210 1
[knee girth level ~maximum ankle stair climbing |-.538 1
girth] (left) {<OKAL) sitting on chair |-.399 1
outside leg walking -274 400 1
[knee girth level ~maximum ankle stair climbing |-.627* | .722%* 1
girth] (right) COKAR> sitting on chair | -.405 8271
walking -.209 365 [-.077 1
front calf (left) <(FCL) stair climbing |-.350 301 |-.036 1
sitting on chair |-.483 518 .531' 1
back center leg [popliteal level w alkmg' _'280* 392 D91 278 1
. ; . stair climbing |-.625 501 480 [-.011 1
~maximum ankle girth] (right) (BPAR) sitting on chair |-.308 7o3ex| 5rgE | 73gEr 1
walking -.755%* | 038 .060 294 320 1
back waist (omphalion) <(BO» stair climbing |-.685%*| .191 395 385 498 1
sitting on chair [-.742**| .561* | .350 434 439 1
walking 208 148 |-.353 294 109 [-171 1
front crotch <LFC) stair climbing |-.606* | .255 567 | 184 438 786%*F | 1
sitting on chair [-.585* | .385 383 .646* | 401 316 1
walking 311 [-124 223 [-.052 |-110 |-.278 |-.133 1
back hip (BH) stair climbing |-.008 [-.265 |-.008 112 036 599* | 308 1
sitting on chair| 196 [-.832**|-646* |-419 |-.655* |-501 |-.391 1
walking 488 |-307  [-.020 |-.774%%|-447 |-593* [-.112 |[-.049 1
back calf (left) (BCL) stair climbing | 207 |[-.243 |-.071 |-.847**|-052 |-.486 [-.295 |-.341 1
sitting on chair| 129 [-.544 |-759**|-669* |-485 |-.024 |-428 | 515 1
- : - : walking -.435 517 300 .058 170 248 |-.104 | .053 |-.385 1
inside leg [knee girth level ~maximum | o s "o | oaq | 345 | 177 | 208 | 003 |-170 |-311 | 031 |-178 | 1
ankle girth] (right) {IKAR) sitting on chair|-444 | 495 | 568* | 583* | 550 | 201 | 603" |-467 |-.630* | 1
back center leg [popliteal walking -.221 671% | 595* |-.158 513 089 [-.338 .020 |-.122 405 1
(BPAL> sitting on chair |-.421 616* | 532 197 9227 | 447 325 |-.452 |-.423 400 1
walking 130 AT75 116 [-.093 321 [-.381 301 -390 | .113 062 446 1
front knee (left) <FKL) stair climbing |-.471 548 578% | 206 663* | 551 292 | 189 |-.415 168 534 1
sitting on chair |-.231 162 .098 178 195 .344 352 [-.063 | .147 149 .054 1
inside leg walking -.818%*| 141 425 234 541 J705%%(-230 |-.090 [-.475 285 227 |-.304 1
[thigh girth level ~knee girth level] stair climbing |-.091 |-.119 308 |-.560% | 477 .265 206 | 374 | 391 | 062 |-.028 | .376 1
(left) (ITKL)> sitting on chair|-219 | 494 | 494 | 671* | 382 | 242 | 219 |-378 |-583*| 282 | 430 |-258 | 1
inside leg walking 509 178 320 |-.434 155 |-.739%*| 240 118 | 517 109 255 509  [-.428 1
(left) (KAL) sitting on chair|-242 | 543 | 400 | 545 | 618* | 213 | 384 |-535 |-578%| 759%* | 447 |-128 | 250 | 1
walking -569*% |-260 |-.254 136 [-.042 J51%%|-175 |-.439 |-.174 |-.106 |-.286 |-.547 611%|-732%*% 1
back knee (left) (BKL) stair climbing | .092 |-.496 |-.384 |-.467 |-.170 |-.138 [-.049 |-.033 | .681* |-.348 |[-.323 |[-.645* | .051 |-.733**| 1
sitting on chair| 386 [-142 [-341 [-418 1-117 |-090 |-656*|-003 | 438 |-555% |-098 |-554* |-026 |-.135 1
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(Table 6> Correlation Analysis between Items on Factor 2
Items Movements FKR |OTKR|OTKL| LBC | BAR | FAR | BKR |ITKR
walking 1
front knee (right) (FKR) stair climbing 1
sitting on chair 1
walking -.250 1
outside leg [thigh girth level~knee .
girth level] (right) <OTKR) stair climbing |-.518 !
sitting on chair |-.366 1
tside leg [thigh girth level~k walking 126 359 1
" Slgiitheglevel]lgﬂeilr) <O?IYI6{L> " stalr climbing 386 0697 !
sitting on chair [-.569* | .697**| 1
walking 302 |-.359 | .027 1
back crotch <LBC» stair climbing | .250 |-.469 |-.632* 1
sitting on chair| 259 |-.153 |-.579* 1
walking -.545 260 | .096 |-.422 1
back outside leg (right) (BAR) stair climbing |-.345 298 | 778%*|- 676 1
sitting on chair |-.687** | 274 | .393 [-.207 1
walking 220 |-214 |-.053 | 487 768%* 1
front outside leg (right) <FAR) stair climbing | .295 [-.038 |-.496 | .609* |-.748** 1
sitting on chair| .365 |-.538 |[-.445 | 281 |[-.695"* 1
walking -.843%*| 383 |-.237 |-.284 623* |-.449 1
back knee (right) (BKR) stair climbing |-.783**| 396 | .487 |-.310 457 [-.259 1
sitting on chair |-.451 240 | 383 |-.414 262 |-.395 1
o ) ) walking =211 300 | 188 |-.357 631% |-797%*%| 548 1
mSIZitfﬁe[Vte}gg}zrfng iﬁ&inee stair climbing |-.267 | 142 | 320 |-770**| 521 |-461 | 335 | 1
sitting on chair |-.425 481 | 461 |-.059 275 =202 | .365 1
LEE YT AAJAE BHioen 53 FE o WE FAAAE A¥EY, (Table 77 o]
A4 9 #79 9F gEriEdeld AdeE SEE duEsidEd ¥ L85 Fux A=
71" FAANA 7789 FRATE BAoH 2EF = 4749 FAEdUs Al T EFolA o] g
weigosds TEEAd 9 700 92%  @AE Uehlov ggodsds Awesr)
gegEdclsh To7el go ARASE HAT.  EdAM 8% Yotz 8% Wnus
ke, 9% FEEUA 9 2] veEsA
3 23] 3w JBeA Rolsh o HBBRAL, 02E YUuZFINE
Qol3e] & 108}2S ATEAM 3 Az 7 8 g ote 5o FRAAE BAen ey F4
2y =g e HEg o= oo ARBAES B A A FEEHA ol 7+ tESdFA o]
Ao} Zolar= 7he] ATBAAL goon Sy SE SO AHAAE JERRTE wEbA dHoly
o 7o) 7be] ABBAANME FEo|L} ZA e ARl s A5 FEEUA o
of wa ABTAY 2E dEgt 25 244 T2 e gFaAdelske] FadAT Aoty
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(Table 7> Correlation Analysis between Items on Factor 3

Items Movements FTR | BMR | BTR | FML |FMR | FCR |[BCR| FH [BWPL|FKAL
walking 1
front thigh (right) o
(FTR) stair climbing 1
sitting on chair 1
] ) ) walking -.409 1
back ml?];ﬁlli}; (right) stair climbing [-.637* 1
sitting on chair|-.623* 1
) ) walking -.585% | 416 1
back tj;%rhm(“ght) stair climbing [.278 | 322 | 1
sitting on chair|-.459 602* 1
) ) walking 013 [-.034 [.321 1
front mé‘;;\t/[hgh U | tair climbing | 301 [-373 Faae | 1
sitting on chair| .754**|-.630* |-.564* 1
o walking | 495 | 922**}-386 [.172 | 1
front ml?gﬁﬁ? (ight) | oir climbing | 500 | s27+*Lost |4 | 1
sitting on chair| .852**| 779%*-498 | .825**| 1
walking 542 |-.088 [.263 |-.302 | .308 1
front calf (right) {FCR) | stair climbing |.393 [-.254 |.015 | .427 |.351 1
sitting on chair| .359 [-.533 [-.598" | 406 | .485 1
walking -442 | 051 |.283 | .431 [.261 |.932%* 1
back calf (right) (BCR) | stair climbing [-.192 |.313 |.115 [-.065 [-.343 |.757** 1
sitting on chair[-.496 | .608* | .709**|-487 |-.477 | 837**| 1
walking 329 |-.012 |.045 |.109 |.125 |.067 |-.042| 1
front hip {FH) stair climbing | .588* [-.661* |-.393 | .443 | .558%|.103 |-.078 1
sitting on chair| .369 |-.404 [-.105 |.121 | .185 |.151 |[-436| 1
back center leg [waist | walking | .045 [-190 | 245 | 496 | 102 [144 | 390 240 | 1
girth level ~popliteal stair climbing | 447 |-.412 |-.504 550 341 | 325 |-.267| .592* 1
level] (left) <(BWPL) |sitting on chair| 353 |-.486 |-.652* | 663* | 450 | 426 |-485[-.032 | 1
front center leg [knee girth| ~ walking | 327 [073 [036 |-097 [.120 [-167 | 294[-230 | 090 | 1
level ~maximum ankle stair climbing [-.114 |.005 [-.268 | .030 [-.155 [-.143 0691 .320 -.136 1
gith] (eft) (FKAL)  |sitting on chair|579* | 293 |.173 |-251 |-326 |.308 | 451|-.730** -061 | 1
BEF AGLEY] FHAA FAAAE BAs ¢ s =9 FHAAAT e As ALy
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(Table 8> Correlation Analysis between Items on Factor 4
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