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Analysis of Body Surface Area by Fitness Motion Using 3D Scan Data
of Korean Elderly Female
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Dept. of Industrial & Management Engineering, POSTECH; Pohang, Korea
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Abstract: The present study provides reference data required for the design of clothing for the elderly by analyzing the
body surface area during fitness motion based on 3D scan data of Korean elderly women. This study was conducted with
the procedures of (1) survey of motions and main muscles for fitness, (2) acquisition of 3D scan data, and (3) analysis of
rate of change for body surface area during fitness motion. Acquisition of 3D body scan data was obtained from seven
elderly females (age: 64-77). We selected 66 anatomical landmarks (40 upper body and 22 lower body) by referring to pre-
vious studies. Body surface was segmented by connecting the landmarks marked on the 3D scan data acquired. Analysis
of body surface area was conducted in terms of the change rate of surface area in 9 postures of elbow 0°, 90° and 180°
for flexion, shoulder 90°, 180° for flexion, shoulder 0°, 180° for abduction, hip 90° for flexion, and knee 90° for flexion com-
pared to the those in the standing posture. The amount of changes in body surface area were 12%-62% in the upper body,
15%-77% in the arm, and 10%-51% in the lower body. A future study on the rate of change of body surface length is
needed; in addition, a study on how to apply the results of body surface area and body surface length analysis to clothing

pattern design is also necessary.
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27} ©lo]8]), body surface area (R]3E¥%]), human body characteristics (1A 5/3)

1.

rh

M

S uEhE 20199 A AT TE] 654] o =31 1 ]
£0] 14.9%= oln] 13} ARSlel] Ysisler, 2026340+
=91 QAT H&o] 20% 1 23 ARBle] WP Aoz
et SeluEl @Al = 20199 5,1705F oMoz
2028971 F7IE & ZHashe Aol dSEHe W, 654
ol 1 FE 7689 SHPOE 2050(1,9008F 7 A X)L
Hog Z7Fe Hrdo]tl(“Estimated population by age”, 2019).
9l 1919 A7k 2 FH|E 3055 ® AlQl Ha 199 97
H] 1025kl Blg) 38 oY mowm, 60A] o) xRle] A%

L
L

FCorresponding author; Hee-Cheon You

Tel. +82-54-279-2210, Fax. +82-54-270-2870

E-mail: hcyou@postech.ac.kr

© 2020 (by) the authors. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

650

tH] oJgH] H]FS 21.5%% °|8H] F-
(“Medical expenses over 65 year”, 2017).
TS FHFdo] A2, Y ST, 5
o] WS % 7)Tol AstEnt. ek, Akl A
o] B e}t teo] kil 75l
o7 HalslA "FrhKim & Seong, 2002).
olglgt ¥571%

K<

R
S

©

fo 2% rlo oft

BAre] A FoE A=
E3], 5 A s = (Extension),
7 (Rotation) &2t AA=e &, A=l &g, &
2 Folo] Az wskge] velo]

AR Size Korea®] = =119] 3xhel QUA| A BHR=
7h RAL =, ARG, 4 ks off Bele
Th= $HAl7} AT} Size Korea Hlo|E]oA
153 F9le 30 #osle T8 F9=2

L
.

= 2], 4,

>.

ir

\:

O

¥

7}

fvie]

d


https://crossmark.crossref.org/dialog/?doi=10.5805/SFTI.2020.22.5.650&domain=http://ftrj.or.kr/&uri_scheme=http:&cm_version=v1.5

§7 o 3=9) 3D 27 HoJEIE #E TELA EE AEEH £ 651

o= W=A] oo} sttt 3D 27 "lolE oA B 2%
FEe B 2Zd(dl: Smoothing, Hole filling, Remeshing,
Shrink, landmark)oll FA|7te] Q¥ ths ©de] o), &d
270 dlole] A7k HARE AXHA A QA BdFe] X5
L2pF WASHA Fo] ol AN AL He X5t 74
& dnk 33K QA 27e 2 AaATe] Fa =2
AUE7E 8753, A=go], A 799 HAX|= vlolE7t &
23} Fojof FTHKim & Park, 2011). wWEhA, =t =919
AEAA HEks B4 fEliMe g =81 Q1A @l st
29l 3D 270 dolHe] g5 Wi 24 W] g A|A
37} M ]ojof sk}, FESH Size Korea 3XM QA 374 A
He ZA 2R A-pose A AA A AT SHE O o582
2 Aol ohgst 52 AdEjellA ARS-sHAl Hnh 22BE o
E A7 Aol w2l e FAERe], A, 75,
Ahell thg ¥isks AEdol, 4, AFH4, F3 Syt Ri=
Al Wk E|ofof gt}

7% A7 F7EE =219 AP 54 F AA Xl g
Aot v 23t AFF =21 o5 gk FAH B At
o tigk AF7F AlEsith. B AAF R 25417 Ad,

f
)
X
A,
=
i
f
DV
B
ojf
m T
ro,
:(n)LL
o
Y
ot
&Y
ol
2
i

e ‘_%
X
i,
=
Ky
o
N
e r
i

o o
N
fu
(N

)
il
o &
M)
ot
)
ofth
E
o

X

Al Huz woli-e xpdstE AAH 548 es)
w|ojo} FTH(Lee, 2008). LHAE FAFHo R Fo
sl =9 52 SU1ehe APez Halsla

o] ZVIIe =N B3 o7 B Zwrt Ane= 7

ThLee et al,, 2003). LHALS] AE EAF} oA

Yo oo APt FUsE A8 %

Eﬁ_\;oﬁm

A oY
DY

§
B

0,
o

do 4y o
S
I T
2 8
ol
ol
By 5
3 i
T Lo
z _It-m
2 o
£ B
lo
dz
o2
o>
¥
<
i
rlo
M
€
oL mlm
[e]
N

o
X,
[t}

T

2 Ho
%
8
Ho M
of
o
%,
B
ol
RJ
52
e
<
off
2
S

oo

o b
&

4 Hr &

©

E’ .

5= A=
o}, w2} ¥ =
(Kim, 2003; Lee et al, 2003), A3 #3335 A+(Kim, 2000),
el Jhg A (Lim, 2003; Lee et al, 2003) &°| 1out
3D 270 Hlo|HE &8sl AEHA HsES w43 e
w53k Aot} o & el AA] A 2EAte] F2; e} 2l
A &P ARE 7o E ¢ A AfES AT AT AL
Al HZe] 283 sl de AT F UrhPark &
Ryu, 2000).

32 270 HolHe 5ol AP x5 gl Jre I5
o] golstar 7], Fl, Al thgt tlolBE A gl Su
g = ok 33 <Al 278 HlolEE &gt A A7=E <
& /3 #oks 3D &7 dolHE 2D HH ety Ak
AASRs A7 Slch 3D 27 dlolele] 2D HWsh W
Runge-kutta(Park et al., 2009), strain reduction(Choi & Nam,
2009), energy model(Yang et al, 2011), CATIA program(Park
et al, 2007y ©]-&3 WHe] 3t} 3D 270 HolHE 283t
AT 3k 27 vlolE X ARE FE dAld] A8k

I
e
2
a4
e
2

¢

—

WA (Suh & Park, 2008)2F 339 270 ©lolEle] BWHS 23}
A HHo=w AsE WH(Jeong & Hong, 2006; Yoon &
Nam, 2016), 9|88 7Y <A 2ddy 3 & HHslsle
HWH(Choi et al,, 2007) 5] AUt 32Hd 270 Hlo|EE &8
to] ojEe] el S AAIF 75 X Alolol] Hojglont H3

ol

5o EAIFC] wAEA Ho] AA| A X4} dEsfe] X4
2P BAsle EA7F ATHKim & Park, 2011). 3 73

Zke] 32k 270 HlolElE E63 ATe A% e A 5
4] E4(Kim, 2003; Lee et al, 2003), AE F33} AF(Kim,
2000), & 7jEt SA1(Cha, 2013; Hong, 2013; Jeong & Hong,
2015; Jung, 2016; Kim, 2016; Lee, 2003; Lim, 2003) 5]
UL} T ARl =3k Eo] glom, SR AEHA W
she-g B8 AT HEst Aol Wk, 2 drelMe
Sk o] =919] 33k 270 HolHE e R JEUX F
Al AFHA HskE-S B4t FERgoldo] adE Rt
£ o8 MAlo) "agl 7|zAEE AFsAl i)

lo

il

2. a7 Uy

2.1. 18 DEUA S5 ¥ F5E 25

IFAR] FEYZL F22 T4 A WA A Algshs v=
oAt ARSI Y= +5(A guide from the National
Institute on Aging)Z} =7} Xl X2 R x| S5HS 2+
=2 A TH(“Exercise tips for the elderly”, 2012)(Fig. 1). 3L
Bl HEYL 52 F 2| ARgo] B T2 EE3R9]
=337 41 # (flexion, extension), 17le] =3} 417 (flexion,
extension), ©171¢] 24 (abduction), 29| F=3} 217 (flexion,
extension), 22| 233} 417 (flexion, extension) 522 221
HAth FHEUE 54 Al AMHE T 252 TaA 5%
Aol ek, oo F53 AH A Alol| Aol R,
S ARSI, o] 9 B2 Alddle S SR
=& AR "ok Bg gdo] =3, Ad F& Aldle &
A2, HF7IY, o] AR, F2823, Ad 54 A
ol tE#2, hEol e A5l Hth(Jeon et al, 2018).
TEAL dES HEUL FAE FE] Rk e FeaS

RIAGH

$9l0) AEAL WL AT V=L Qpsle] AT
Basith ¥ AP FEUZL B AGSRE F5283 A
EAH wakgo] 2 20R aEls AT AdsE A
Acgo), BEA 1919 M A, T8 5o HANNE F4
o AENA WEEe PYstaA) et

2.2, 3%}l A7 Gjo[E| E=

3319 270 dlolElE o4 9l TH(E4-TH)S o= 3
sajgon], 270 dolg 85 A 28 oEe Az B
= ge 2o A QA Falol Wb} glomy wakEe =
S B EE R N . DI ECIRET R
e ) AZA7L 290 dolg = A BARe 1717 2



652 o)7L E)SIX] 227 A5T, 2020+

1 2 3 -
2 "3 37;\\_ (u })N
L Il il NisE

Trunk flexion

Shoulder abduction flexion/extension

0
flexion/extension

Knee flexion

Medial deltoid Rectus abdominus Biceps brachii Biceps/triceps Biceps femoris
6 7 8 9 10

£ s (5]

{3 &, Bt

<5 al o]

{\ \ / A &\'A
\\\ PSYAN'N \ﬁrx
i > S P /

Shoulder flexion

Hip flexion

Knee extension

lliopsoas Anterior deltoid Gluteus medius

Hip extension

Gluteus maximus

hamstrings

7 /
; =
Nly=r /

R

Hip abduction

Gluteus medius

Fig. 1. Fitness motion for the elderly to improve muscle strength.
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Fig. 2. 3D scan data evaluation protocol.
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1. standing 2. Elbow 3. Shoulder 4. Shoulder 5. Hip 6. Knee
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Standing(0°) E bowF90.) (180°) shoulder(0?)
Knee(0°)

Fig. 3. Example of 3D scan operation.

Table 1. Landmark location and name

Hip(90°)

653

Landmark (Upper 40 part, Lower 22 part)

Ttem(1~31)

Item(32~62)

1 Anterior Neck

2 Bustline anterior
3 Anterior waist

4 Abdominal point
5  Lateral neck-right
6 Midshoulder

7  Lateral shoulder
8  Anterior midaxilla
9 Chest breadth 1/2
10 Nipple

11 Anterior axilla

12 Side line-bust line
13 Lateral waist

14 Anterior waist-lateral waist 1/2

15  Abdominal point-side line
16  Abdominal point-side line 1/2

17 Crotch line leg lateral

18  Crotch line leg front

19  Crotch medial
20  Thigh anterior
21  Thigh medial
22 Midpatellla
23 Knee medial
24 Calf anterior
25  Shin medial
26  Ankle anterior
27  Ankle medial

28  Lateral shoulder -radiale exterior 1/2

29  Radiale
30 Lower arm exterior
31  Ulnar styloid

32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Lateral shoulder -radiale medial 1/2

Elbow medial

Lower arm medial
Radial styloid

28-32 Anterior 1/2
29-33 Anterior 1/2
30-34 Anterior 1/2
31-35 Anterior 1/2
28-32 Posterior 1/2
29-33 Posterior 1/2
30-34 Posterior 1/2
31-35 Posterior 1/2
Cevicale
Cervicale-waist center 1/2
Posterior waist
Tailbone

Posterior midaxilla
Back width 1/2
Back chest width 1/2
Back waist width 1/2
Center front line-side line 1/2
Buttock protrusion
Gluteal fold

Thigh posterior

Posterior juncture of calf and thigh

Calf protrusion
Ankle posterior
Thigh leg lateral
Knee line leg lateral
Calf line leg lateral

Lateral malleous
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Table 2. Body surface segmentation and coding for body surface area analysis

Section of body surface Part Front Back
1 F1 Bl
2 F2 B2
3 F3 B3
4 F4 B4
5 Upper F5 BS
6 F6 B6
7 F7 B7
8 F8 B8
9 FS1 BSI1

10 FS2 BS2
11 FS3 BS3
12 Arm FS4 BS4
13 FS5 BS5
14 FS6 BS6
15 FH1 BHI1
16 FH2 BH2
17 FH3 BH3
18 FH4 BH4
19 Lower FNI BNI
20 FN2 BN2
21 FN3 BN3
22 FN4 BN4

Note: F(Front), B(Back), FS(Front sleeve), BS(Back sleeve), FH(Front hip), BH(Back hip), FN(Front knee), BN(Back knee)

2016; Hong, 2013; Cha, 2013; Kim, 2016; Yang et al, 2011)
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Elbow Hip )

flexion/extension flexion/extension 1

Pose 1 Pose 4 Pose 1 Pose 9

f l
Shoulder Knee
flexion/extension flexion/extension
2

Pose 7 Pose 4

K

Shoulder

abduction

- Excluding duplicate poses
- 9 motion selection

- Body surface area analysis

Fig. 4. 9 selection postures for body surface area analysis.

&

Landmark notation

Fig. 5. Example of body surface area analysis process(BS4 part).
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21%)9} FS5(-3%)= 743t THFig. 7). Shoulder(flexion/
extension) &t A F2lo] AEHAL pose 5 FE Al
F6(28%), F7(24%), B6(22%) F-91= F718112™, F1(-50%),
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o= Ath(Fig. 8).

Landmark connection

Body surface area calculation

Rate of change
(%)
40

20

0
BSS

body surface area

-20
-40

-60
—O—Pose 1 ---@--Pose 2—m— Pose 3

-80

Note: FS(Front sleeve), BS(Back sleeve) refer to Table 2

Fig. 6. Changes in the body surface area of the during elbow(flexion/
extension) motion.
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Rate of change
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80

60 -
40

20
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BS4 8% 5

body surface area

0

-20

—O—Pose1 - @®: Pose4 —B—Pose 5
-40

Note: FS(Front sleeve), BS(Back sleeve) refer to Table 2
Fig. 7. Changes in the body surface area of the arm part during shoulder

(flexion/extension) motion.
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40
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S T PR P
00— ) oy N\Teget
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6
14
-20
20 body surface area

-40

—O—Pose 1 :--@---Pose 4 —8— Pose 5

-60

Note: F(Front), B(Back) refer to Table 2

Fig. 8. Change in body surface area of body part during shoulder
(flexion/extension) motion.
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Rate of change
()
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Fig. 9. Changes in the body surface area of the arm part during
shoulder(abduction) motion.

B7 F5

F6

Rate of change
%)

—O0—P1 @P7 --8--P4 —@—P6

Fig. 10. Changes in the body surface area of the body part during
hip(flexion/extension)motion.
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Rate of change
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100

= Contraction [ Extension --@-- Rate of change

60

20
-20
-60
upper arm thigh knee
(front) (front) (front) (front)
body surface area
-100

(a) Rate of change in body surface area by front part

Rate of change

(%)
100 -+
mmmm Contraction [—__JExtension --@-- Rate of change
60
20 A
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Fig. 12. Body surface change rate analysis.
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