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Abstract

This study analyzes the body shapes of lower-body obese female adolescents and
proposes a slacks pattern suitable for their body type. Lower-body obesity is a prevalent
type of teenage obesity, and our proposals aim to improve consumer satisfaction in
ready-to-wear clothes across this demographic. We first observe characteristics of
obese lower bodies, noting significantly above-average thigh and hip circumference.
These figures indicate a high degree of curvature in obese lower bodies, along with
a large drop value. Leveraging this data, we develop a novel slacks pattern using 3D
avatars in a virtual simulation system. The formulas for the main areas of the pattern
are as follows: front waist girth W/4+0.75cm+0.5cm, back waist girth W/4+0.5cm—
0.5cm, front hip girth H/4+1.25¢cm—0.5cm, back hip girth H/4+2cm+0.5¢cm, front
crotch extension H/16+0.5¢cm, back crotch extension H/8+I1cm. Results from appear-
ance evaluations show that this pattern minimizes strain rate on the waist and hips,
and its average score is significantly higher than that of an alternative pattern that
was also evaluated. The minimized strain rate and high average score indicate that
our pattern assigns a sufficient amount of space to the appropriate areas. Based on
these results, we expect our research to inform slacks pattern development and pro-
duction for obese consumers of all types.

Keywords: lower body obesity(3}%] HJYH, female adolescents(JRF FY), virtual
avatar(ZF 2G), virtual simulation(7FF 2F2))

I. Introduction

Huk JAE Q3L A AAZFCR ZU)etT Qe AR 4 o ¢
2 & ok Aade] AAA, delA, ARRlA dge] B2 92 AL
drhAtE] o] Az AR EHTEIJ_ ATH(Park & Kim, 2016). -2 o 9]
£ ohjold Jyge] ATsiet 85 BE 502 Had vzl FHsH 715}
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SHA]

ZAE ®Eo]1 tH(Jung, Ko, & Lim, 2010).
A2 2 St 5 - 154
BT HE2 20119 5.6%, 20161 9.1%, 20214]
13.5%2 A|&&H 0 g Z71slal Jth(Korea Disease
Control and Prevention Agency [KDCA], 2023). £3]
COVID-19 W2} 45k ABBAR A&H0 R A
71519 Fad vigke HsA7le a/le R Agskal
olthUang, 2021). & A1EH A2 57] Aoz Qg
S FA% 4% A 449 A4 A
R R E TR E PREE= AL

RS

rlr d (e

nE 3=

i =0

°] e
AR OZA ol HAF SL Mo ofol
ATE 25k YrhKim & Woo, 2022). H]TRS
&% AF S7HE ohet AF) 7 $919] A Bx
Aol QU] theret Felzo) AR WHE AL
Hlek 92 At

#> oAgolA ®ol Yeht=
€ Y 989 5 sHAlel Ae] @ol £x5=
oFAtoltH(Ha & Sung, 2005). £3| 10t |yl o]A9]

L A7 9] SHA| H|RFE o] 70.61%= AJQl o Ao
vlsf spA ®lek Hlgo] &2 Ao® YEd e =N St
Al AFzE Bk 100 vieke] ti® AFolt T 4
TH(Korean Agency for Technology and Standards
[KATS], 2020).

Aadrlole oEely s Faf EH Aol
AES LA 5 ojuff &S F2 Aotrd
02 AREJICHUN & Suh, 2005). 13
ol A%

L=4e)
HrAES

< AAIFol2t BZHstod(Kim & Yoon,
2009) BIFtO 2 44| ERFSo] H245 QR g
52 Zo| 3lHA|(Kim, 2014; Lee & Yoo, 2015) A|¥
o wae A A L o 4IHoz B
s71E sk ok 1et B4d el w4 o
AL oby FPasiElol 94 gres el 7]
BE AolA = BHAIEY Fad JESZ FE A
AFSEAL QIO @R 7IAE 2|5 A|lA 3t ot A1Y
E4= BHESHA] XSt AAdol7lo] #Eo] ofd #
o] FAUES 714E Frjof oS AL Aot
(Lee, Choi, & Kang, 2004). £3| 9J& olo|d] & &
A AAY] 55, £, 193 SHAE s 9F
FHE S&] e 7573 HIF 27] gi2oll(Song
& Lee, 2001) A1412] BrEAf9t 7]5/d0] 875+
Bo|g} & 4 9t} ES SHAL EHOL EHE 3

Ftol HHSt 2 RIS mYHE B T4

i)

lo
o

ks

oz Fad

1o
[y

2 A
SEAd

)
o

4 24 2ojel7

2912 AT Y BEOE oA urAFe A
73} A% WA SO WEE} WolA7] HrkHa,

2011). AA| B]TEAF ] 8% 7]1GE FJUA] 4

73 (Lee, 2002)2 3100, E35] SHA0| AL 3|7
=2t dgol=d, EHdel, fEsd 5ol 28 &

ulo] o} LS 51X LAY A5l FE BRI
2|z ghzzo] Jufgt & vlw A £=A517] 42 5
= E= €924 Zolg FAlste] HE(Kim &
Chun, 2004)5}= A& Yeh AAE HelsHA 7
A HRE BRI AHE 4 Sl 95| a7Eh
SYAYY o] gt APAFE AmEY JQ
o33} 41 HA T A-(Lee & Lim, 2021; Lim,
2011; Park & Kim, 2008; Park, Ryu, & Shin, 2006;
Park, Wee, Kim, & Pakk, 2005; Yoo & Kim, 2008)
9 L 33E 4o R g A7H(Lim, 2019a, 2019b,
Seong, 2018), g71¢t AW thAFY AF(Kim &
Lee, 2021; Lim & Kim, 2000; Lim, 2015; Shin &
Suh, 2010)7} AP=o] ot ESH HITHA|F S Qs
SHAUY U= 1 ool ARl k|S(Lim,
2011, 2019a, 2019b) 0.2 ThFet A =S o & o
T7F K g o] oy, shA| HlTk o2} Y AES A
2 ESHAAY T A= v Fe Aot E5 T
12~18A17FA] 9] H 4 A]7]= o} A G oA A9l A F
O 2 ¥g}els 7|2 W2 AA A Wil Uit
A|7]0| B8 (Kim & Kim, 2019) 5}4] H|qte] A4 E4
o] ¥tdH wid 7ol A4s| sttt
o]of| & A= Tt 12~18A]74A] 9] 514 B9k o2} &
A2AS WG E BEA P s AP 5442 H]
o BN, 7]1E9 & HAd S9A HE(Lim &
Kim, 2000y B] Y3 0 2 A4 5lo] 7PAFERe] A] H|uk
ABE AT ¢ U= EHA —TL“ELO]&“ T 75
EE9to 24 oA BIvkAFol 2T
o=t 9] F2 o] it

II. Methods

1. Data collection

&2 AFolME AAIE Ae T KS 112 (Korean
Agency for Technology and Standards [KATS], 2019)
o] ozt FaEE A4(KS K 9401) 7|50l &5ho] 7t
12~18M7HA1E Bader Aofsta A+-E APt
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otk ATo] BEE Y A% dolgs X Aol sl AYRA0] YEEHTK Table 2)
AT it Azt R ZgE A6t gl QA

A =ZAF AFY AT (Korean Agency for Technology 3. Virtual avatar construction
and Standards [KATS], 2010)9] AZA125 E83}c] o) 4HS 93t HFRDE 3D TR A4
gt 12~184] oJx} FAW & BMI 25kg/m® o]A4}9] H] ol CLO 3D 5.1 o]&sto] AZstath 7 A olA|
U (Korea Association of Health Promotion, 2022)]] Z AR EE AR EL 12 oA AFs= of A
&oh= 2129 122 A7gsH3iet. ofA HlTke] By ofrle} HIT| S E82 & oflEl Afo]= gjo]H 2]
7152 oA} AR Z4(KS K 9401)9] 512§ 9 oA BT P 285t ofulet HYA oA 7]
5 A L, XL diFE= 32E 71 X4 68cm slg]zol, shtAl 2o =9 &0l 5 shA Hlvt
o4, EZ AP AFH(Ha, 2011)°] F3t9] JFol=a o2t a9 QA A AHE Agste] 7R d
o} 52Ed St=F 18em O o = o] 27HA] 24 < AZske
HF SE2A71E oA 4 14492 2T AFSHA
c}. SFAHEE IR} HAHO] A BEx L (Table 1) 4. Developed slacks pattern construction &
I} Zch virtual garment simulation

ATLY AATEE 712 2HAUYL MR YUY

2. Lower bodice analysis o2 385la] B WYY 7PAFRY A Hejda ¥y

S uig o Aade] skl Ay B4 mel B3t AgelRhe Buksk] WEe A o
St7] flsto] AP shital ASA9 Hlwstd 2 AFoA= H R PP O R o7t P4l AU
o} SPSS 27& AR&sto] &= Hegt Batol gk« A (Lim & Kim, 2000)& AH&-5F3ITHFig. 1).
Ag AXelol W AR op WTAR Spbl MBS (i 27 A 2J2o] 9= Flo] Jg)
Aol & HlwEA ST AHAS EATES £l 7 FE= s HESE UEd Z0% CLO3D &
W2, 20| 632, o s, Yulo} A 713, 239 3D ol AE o] Al WY B(strain) ]
E.Lrﬂlolr% ALFGEL HIREA4=(BMI), 512 F o] o 5 Ak &, ofEkErY] Rujy w3, SAY A2
EYH|(WHR), HEE, SIEF28 F 337 g5l o} ool EouAY +E5EH= S AGES
<Table 1> Age distribution

Age 12 13 14 15 16 17 18 Total
N%) 13(9.0) | 26(18.1) | 20(13.9) | 19(132) | 31(21.5) | 18(12.5) | 17(11.8) | 144(100)

<Table 2> Analysis item of lower body

Stature, hip height, crotch height, waist height, waist height (omphalion), knee height, lateral malleolus

Height height
Body rise, waist to hip length, thigh vertical length, outside leg length, total crotch length, total crotch
Length .
length (omphalion)
Cir.* Waist cir., waist cir. (omphalion), hip cir., thigh cir., knee cir., calf cir., ankle cir.
Depth Waist depth, waist depth (omphalion), hip depth
Breadth | Waist breadth, waist breadth (omphalion), hip width
Ete Weight (kg), BMI, waist cir./hip cir. (WHR), hip-waist drop, waist depth/breadth,

waist depth (omphalion)/breadth (omphalion), hip depth/width

* Circumference
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<Fig. 1> Comparative slacks pattern
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(Seong, 2018) £ ALoA= HIE Aujo] whel 2D
Aol e SAHER 4 Eﬂo}tﬂ/q o= x]
T2 AEote] FF ATYEE TEoIUH HE
s 100%~120%2 374 F9&= (Fig. 2)<F 7}1—,}
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oL, @, S B A A BT SljEe
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<Fig. 2> Strain site
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Ill. Results and Discussion

1. Lower bodice analysis
s wjgkg el sl EHS 2A5] stol
EEAYT SHAl 2P BFS vlmstglon,
ZAIHE (Table 3)°] A|AISFAT.
0] BE FFoA otA| HjTAF Y] Ftgtol =
ouf = Yozt Bito] Rl Aolg wel F
719} 8je] ol2 Vbt s1A) AR A%
AGEt AA 717F AUA SEAE 7|0 ’S}HP
4o
_(I.:)l_

-

Klo] FAFH vlgo] £ AL X 4 Ak
2o mE GEAA oA WEAE Hiol
o8 £& ACE Yeon, HTSiXHA A
T AA7] gizoll #E2ABH] AFASA HatAto]
= =o|¥EE At 55| AUdF Aol HlY &5
o] AZA FFs F= Ao=E 71°]° 55 5 A%
@ @t o YR 2 A0 Ushit. 5U
QoL A% sto &%& stol 349 &
AAA 7} B FEolBR sh v g o] °
910 AE 54 LEste] €493 4
LAAFA A5 =E5tolof Ha & & Stk
%Eﬂf’é}% 'Eﬂﬂl‘: Ao} viEFrEslEE, d8ol
3 A= Al 7 71501 He #9=
£ 799 AFEs oE BHET 1
2AFRE) Aot H 2 AE ¥ 4 Uk Bel 3
HRES E571 s Rl= A1Y 5408 712 “H
F FEolEd A7t 7MY & o' FUIRE Ae
ekttt FAe YH|FES HasiEH SHA| H]“’J
B A5 dulof vls) FA7 A1 HE&o ¥
kol BEARF Hls) o & Fo= Y shkAl
o) B1% G G A U 5 U5k 15184 o
A Aze] A9 AdolEe Aol EAWE 7 7
% 27 vebR Kim & Kim, 2019), 425t o
o 23 4L Aom Yozt AR] ol o]
of wet sl oA FFol7tA ] F=o] EYSAIHA
F Ad BF stEFo] & Ao Yo, ohA
HIREA G o] A 3ol #917F o TeshiA st=
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<Table 3> Descriptive statistics of lower-body measurements (unit: cm)
Healthy weight Lower body obesity
Mean _ _
Items (n=1,717) (n=144) t-value
Mean SD Mean SD
Stature 158.43 5.74 159.79 5.19 -2.659""
Waist height 97.23 3.99 98.07 3.65 -2.359"
Waist height (omphalion) 93.99 4.00 94.25 3.53 -0.718
Height | Hip height 79.28 3.75 79.52 3.57 -0.713
Crotch height 72.18 3.42 72.69 3.30 1.662
Knee height 41.65 2.14 41.83 1.85 -0.938
Lateral malleolus height 6.41 442 6.50 4.24 -0.741
Body rise 25.51 2.00 27.01 1.98 -8.424"™
Thigh vertical length 27.52 2.03 28.03 1.78 -2.554""
Waist to hip length 18.85 2.18 19.69 244 -4.272""
Length -
Outside leg length 98.69 4.10 99.75 3.96 -2.897
Total crotch length 68.93 3.84 74.11 3.83 -15.132™
Total crotch length (omphalion) 62.50 3.46 66.73 3.42 -13.689""
Waist circumference 69.60 591 78.91 429 -17.965™"
Waist cir. (omphalion) 74.17 6.31 84.83 475 -19.258™
Hip cir. 90.40 4.84 101.17 3.90 -22.946"™
Cir. | Thigh cir. 55.24 3.42 62.57 2.70 -24.359"
Knee cir. 35.56 1.97 39.23 1.79 -20.981"
Calf cir. 31.07 1.14 32.69 0.99 -15.994""
Ankle cir. 23.37 1.06 24.66 0.95 -13.609™
Waist depth 16.84 1.90 19.98 1.78 -18.597""
Dep. | Waist depth (omphalion) 17.38 1.96 20.63 1.92 -18.610""
Hip depth 21.21 1.53 24.25 1.36 -22.418™
Waist breadth 23.93 2.03 26.89 1.75 -16.426™
Bread. | Waist breadth (omphalion) 25.93 2.17 29.37 1.79 -17.427""
Hip width 31.74 1.83 3451 1.66 -17.052""
Weight (kg) 53.28 6.84 67.30 6.30 8.544™"
BMI 21.17 2.18 26.30 1.64 -26.750""
Waist cir./hip cir. (WHR) 0.76 0.04 0.78 0.02 -4.579""
Others Waist depth/breadth 0.70 0.05 0.74 0.05 -8.601""
Waist depth (omphalion -
oreadih fom;haﬁpon) ) 0.67 0.04 0.70 0.04 -8.305
Hip depth/width 0.67 0.04 0.70 0.03 -9.544™"
Hip cir.-waist cir. (drop) 20.79 439 22.26 2.99 -2.226"
* p<01, 7" p<.001
F9 "ol © & AZ & 5 Ut oHA| BREAIE S A9t 7] FEo|A F A HAA § A2,
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2. Virtual garment simulation results of compara-
tive pattern

oj%o] ol 44 U w2 Hrlo Fhgarelst
AR SABIEE 34 FhgEele] AEee
A= 5 Qe AR FT5tol(Seong, 2018) 314
Hgk of2F HJAado] SHAAY HAE fls) vjnd
3 7P o) A 983t WPES Fstel $HRY
A2 w259t Madds dTaFe) MR
QS H|ws7| fIsto] W AF THFRIA] < Hat
Holx] WRE L 5H A% AAE o Yol A7
3 7HArzro] Azte} Zro] A A5 chFig. 6, Table 5
and 6).
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<Fig. 3> Virtual avatar
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3. Developed pattern construction & pattern

evaluation

1) Developed pattern construction
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AEZ 0.2~0.3cm Hf
A FEE Aot} 2he3t

F8 SH BT ojzt Hado)

wAgolT

3la] 2D Aoj|A] vlZ £Fo] rlssleg 3D Tz 1
7} CAD Z2IH9] felg A& S8kekA] Yl 47

FAMES S F US A0R AlRHTY o] 7t

=
LT

ARl vE 9 Sy A BF 474G 52
shglom 1 Avks

(Table 4) @ (Fig. 5)2} Zt}.

Pattern

Part Comparative Developed

Slacks length Actual measurement Actual measurement
Hip length Actual measurement Actual measurement+1lcm
Crotch length Actual measurement Actual measurement

Base Knee length 4cm higher from 4cm higher from

(slacks length-crotch length)/2 (slacks length-crotch length)/2

Pleats line 7/12 point of crotch line M?\//;dp(())i:t t:))ftlclreOtsCi}(lle“ir:m
Waist cir.line W/4+3cm(D)+0.5cm W/4+0.75cm+0.5cm
Hip cir.line H/4+1cm+0.5cm H/4+1.25¢cm=0.5cm
Crotch extension line H/14 H/16+0.5cm
Center waist rising amount 0 lem
Center waist in amount Iem 0.5cm

Front
Side waist rising amount 0.5 0.5cm
Side waist in amount - 1.5cm
Amount of dart 3cm 3.5cm
Number of dart (darts length) 1(10cm) 1(8-9cm)
Location of dart Pleats line Pleats line
Waist cir.line W/4+2.5cm(D)+0.5cm W/4+0.5cm-0.5cm
Hip cir.line H/4+1cm H/4+2cm+0.5cm
Crotch extension line H/8 H/8+1cm
Crotch lowering amount 1.5cm 2cm
Center waist rising amount lem 3.7cm
Center waist in amount Scm 5.5cm

Back
Side waist out amount - 2cm
Side waist rising amount 0.5cm 0.5cm
Center line in amount lem lem
Amount of dart 2.5cm 2.5cm
Number of dart (darts length) 1(1lcm) 1(10-11cm)
Location of dart 1/2 point of waist line 1/2 point of waist line
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<Fig. 5> Developed slacks pattern
2) Virtual garment simulation results
(Fig. 62 W TLF7} AFAYe] 7Hgare] o
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A: comparative pattern, B: developed pattern.

<Fig. 6> Appearance of comparative & developed
patterns
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<Table 5> Strain of comparative & developed patterns

Strain(%)
Parts
A B

Waist 104.65 102.81
Abdomen 112.45 102.04

Front
Crotch 112.60 103.05
Thigh 119.65 103.03
Side Knee 101.58 100.44
Waist 103.43 101.73
Back Hip 114.90 103.51
Crotch 119.07 103.84

A: comparative pattern, B: developed pattern.

- 801 -



98 PR A2ES BET A v o FAA SALAY HA 2B
<Table 6> Evaluation of comparative & developed patterns (n=20)
A B
Dir. Item t-value
Mean SD Mean SD

Proper waist line 2.58 1.32 4.05 1.18 -14.325™
Proper ease amount of waist area 2.55 0.18 4.37 0.68 -22.437""
Proper ease amount of abdomem area 2.07 0.79 4.28 0.87 -23.724™"
Proper ease amount of hip area 2.32 0.72 422 0.99 -17.218™

Front Proper ease amount of crotch area 1.98 1.11 4.16 1.27 -23.965™"
Proper ease amount of thigh area 2.36 0.74 3.92 0.74 -10.476""
Proper width of knee 4.48 0.68 4.76 0.79 -5.164"
Proper location of knee line 431 0.56 4.82 0.98 -8.134™
Maintain level of waist line 1.98 0.57 4.64 0.67 -25.394""

Side | Maintain verticality of side seam 2.96 0.99 438 091 -18.263"
Front and back into balance 2.66 0.67 4.32 0.65 -19.043"
Proper waist line 2.87 0.75 436 0.77 -17.129"
Proper ease amount of waist area 3.08 1.08 4.72 1.13 -12.117°
Proper ease amount of hip area 1.42 1.16 431 1.21 -13.6117"

Back Proper ease amount of crotch area 1.25 0.75 4.16 0.69 -28.248™
Proper ease amount of thigh area 2.63 0.88 4.00 0.98 -10.254""
Proper width of knee 4.24 0.64 478 0.57 -8.149™

* p<05, 7 p<01, 7 p<.001
A: comparative pattern, B: developed pattern.
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