The Research Journal of the Costume Culture pISSN: 1226-0401 elSSN: 1266-0401
Vol. 21, No. 4 pp.535~545, August 2013 http://dx.doi.org/10.7741/rjcc.2013.21.4.535

Comparison of evaluation methods for measuring pressure of
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Abstract

The aim of this study was comparing measuring tools for detecting physical comfortness with variation of
garment pressure. The measuring tools for detecting physical comfortness were EEG and survey questionnaire. Two
low-pressure compressionwears and a commercial compressionwear (girdle) were tested. Results showed that the
questionnaire survey well detected suffocation or motion comfortness. But it did not discrete the appropriate
tightness of the compressionwears. The results of EEG analysis show that the absolute power of «-wave value
was elevated with the low-pressure compressionwears. It also showed lower stress value. The high-pressure
compressionwear presented decreased absolute power of @ -wave value. It showed higher stress value. These results
implicate that EEG can appropriatly indicate the change of physical comfortness of compressionwear. The
appropriate tightness of compressionwear can be measured with EEG analysis rather than survey questionnaire.
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II. Background

1. Compressionwears and garment pressure
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TH(Na & Lee, 2010; Park & Chun, 2012) o &
s} BAsoly o =
ZA o] WE 35S 571 %%H kol RE A8t
UK(Dirik et al., 2001; Engrav et al., 2010; Shelton et
al., 1998; Tazelaar et al., 1999). 9] &-& ¢4 ~E}7)
< & BAe BF WA =S 53 (Hafner et
al,, 2000), LA A = Al JPERE FF

S WAEHL kA NS dEetA 317 Hst
oq ohﬂl—7]‘;o] 0] = iE}7J% ZIJQL ‘:]'(Ng & Hui,

1999). 13t} A7) BAE AT A
T gwAew Aedon g YA o

SRR EREEE

_y

= o8 g o E9S 40g/em’(3.92kPa)EtIL 3131
©.m(Jeong, 2005), 2]EFo] 20~30g/em’ S Z 3}t
o E97HS =71tha 85 CH(Jeong, 2002).
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gt 7154l 0] 9lal(Park & Kim, 1990), R 53}

Z, A% Aol S 7S 4% JthBack et al., 2007).
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2002), o] FARMe 2 HAH 7] AR E Hte}
o] -2 Z(Baek & Choi, 2007) 17to] 7=
(]
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=4 7FeE skt

2. Features of EEG analysis
] IHEEG, Electroencephalogram)& ©]-8-3}o] <l
7ke] 7S A= o] {4 o7k 74 Alg

¢

A ] ¥t wet Fort ThE Tt @Aol
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AFE S HolA By A wES S A
7141 & o] th(http://www.laxtha.com/). ©] WHLE 713
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H7ks 4 e W o® gl 9 th(Tonga
& Thakor, 2009). o= 959 2878 AT
How BAS] 98] s F853 Ark(ang
et al.,, 2007).
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{Table 1> Features of EEG types
EEG type Frequency (Hz) Amplitude Appearance condition and feature
5 -wave 04 20200 -Mobid factor .of encephaloma and encephalitis
-Occur a sleeping state
6 -wave 4~8 5~100 -Sleeping or meditation
2 wave 313 5100 -Strain relaxation, .C(?ndltlonlof comfortable
-Concentrate or original accident
3 -wave 1330 20200 -Disillusion ‘state, superiority of insecurity or strain state
-Occur public work

From. Jang et al.. (2007). p.161.

I (Dabidson, 1992; Kim & Kim, 2002), Yosida(1998)
e EPEEEEEPERREERNEETS
A3 AAY AyEe] BAE ATeic
Musha 5(1997)2 1071 AdelA &4 6, a, B
9] HutE AFT A9 (cross-correlation coeffi-
she] 47lA) RHOE AN HAE
ESAM(emotion spectrum analysis method) 8-S

Maksle] A4S AZksletgch ey Yaks

cients)E ©|&

& 2Bz E weA ik, Zjlel uhet
Apol7h A7) wistel kARl HolH e 425 0]

Z23KKim et al, 2002). APATFEL 17+

HilE Fapro] #eld wa d9H o FEa}
o 24z} dEK S I}, 0~4Hz), AEH 0 3}, 4~8Hz), &
Ik e 3}, 8~13Hz), HIEK B 3}, 13~30Hz)= W33
CK(Table 1).
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A W7k FAE ) wgae Yool dndes
FRA gso] AL o g Yehy, AAZo"

Agpolu ek 2E a2 Ak A4 o) va
8} Fth(Park, 2004). &3}t A 9] AHj9t= 7
Hol rhar &HA rk. E&o] o] E a1 g H
Aejol A &3t =M (Jang et al,, 2007) A2 2 &
A 707go] o|gE o] 2EH 2T} SAy i JFY

3} 7lejgo] sl AL Lsstel BAIeh B
2l 0] ZItH(Anna, 1995). fﬂxﬂow dututs SA46)
7] FL& F9E FAFS FFHo|t(http/www.
laxtha.com/).

H|E} 3k 8 -wave: 13~30Hz)L AN &S T
o Yetue Ha9E, 2 A
Ch(http://www.laxtha.com/). ‘ﬂ]E}JJr‘“ EQket et

0 AL S5 ALt A7 Al S-AlsHAl BAst
(Jang et al., 2007), 13~20HzS A HE}S}Z 20Hz
oS el R Ralste] ATt AuElg=
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WAt e R Sy aeta 7| gt} awEls}
7, T AdEr A4E o &4 sEth(Jang et
al,, 2007). o1& gk EAJE o] &3te] MadTFolA=
gotste] gk awElgte] WS ARl 2E
g2 X|4>(ST: Stress)E 574 SHTH(Park, 2004).
AEFIH( 0 -wave: 4~8Hz)= QUHFZE Q] 4= Abe)
X EAstE]= W dto|th(Park, 2004). AE}T}=
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1. Subjects

A= KS AL A5 70~94(31 54 70,
FJol&d 94)0ll s Fate 20thet 300 ke ﬂ]%
o] ol Athn=12). 70~94 XFE EFFAF
Z(KS K 9404, 2009)° 4 AA]g+ =) O4*<§(15~70
Aol eEdet dPoled oldRER T 7P
E2 HEE Hole | Ed(67~73em)¢t JF ol
E#(89~95cm) T-7ke| AlAAG=e} 7 29 A
Frolt}. M E FPAE s Edet dFol =
o FdL 7247 70.8cme} 94.0cm©] X tH(Table 2).

2. Construction of experimental compression-
wears
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{Table 2> Body measurements of subjects
(n=12, Unit=cm)

Dimension Mean (S.D.)| Maximum | Minimum
Waist | 70.8 (1.55) 73.5 67.5
) Abdomen| 88.3 (2.04) 91.6 85.1
Girth
Hip | 94.0 (1.65) 96.0 91.0
Thigh | 56.1 (1.59) 58.0 535
Hip |21.3 (1.86) 24.6 192
Length
Crotch | 27.9 (2.33) 314 23.0

SRR SR L

{Table 3> Construction of experimental compression-
wears

mple Experimental compressionwears

Parts A B C
@ Mi+Ml1 M2+M2 M6+M5
® Mi+M1 MI+M2 M4+M5
© MI+MI+MI1 | MIHM2+M2 | M4+MS5+M5
@ Ml Ml M4
® Ml Ml M4
® Ml Ml M4
® MI+M1 MI+M3 M4-+MS5

atglom], =kt Hrke] #{5(0), E- sheh(@)2
M4st MSE 7 H o7 ARgatglth drbe] 4o ut
ZE(©) M4 3 Foll MS2A F A& F7H= A
43515 TH(Table 3).
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<Fig. 1> Elongation rate measuring tool
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S th(Elongation rate(%)=(L; —Lo)/Lox100, Ly=Original
fabric length, L;=Elongated fabric length).
238 AS A& AFE-FE 3714 /\ZH(MI M2,
M3)9| AE SA2 thed 2k M1 Bk
AP AlEo] v 322 A AL(Warp 47%,
Weft 29%), M2+= SIAPEEF A& vl Fout
7 /\].bﬂ-é‘]: A xl%o] ok{} o ZH(Warp 40%, Weft
14%) %tk M3+= ZAkeE SIApgake] Al7gfo] B
W A (Warp 8%, Weft 4%)1tH M4, M5, M6
Al Al AFEE AR, M4 AARSE AT
el gl 1%A o, M= SAPEE e
(10%) Bt} FAREaRe] A18@21%)°] ¥ 2 &4
ATk Mo AAPEEF 217342 2Fork4%) Bt ¢
ApEFe] Al-go] w9 £(31%) A4 tH(Table 4).

3. Measuring garment pressure and physical
comfortness

1) Measuring garment pressure

<Table 4> Elongation rate of fabric materials

ERER

. . Elongation rate(%)
Fabric material Warp Wert
Ml 47 29
M2 40 14
M3 8 4
M4 11 11
M5 21 10
M6 4 31

AF5 73

4595 AePdF(Narm & Lee, 2002)
28 A A|E BHAo] Q3 H

7= W91 aestel AW s
W 39(6~E), ¥ 4¥9(@~0)
A —a}aiu}(ﬂg. 2). & A7 A=
slEli=o] 12171 Q1A )2l ofefell #1A1st
2 524 $99) ouere 4G HusA
Aol SAST. Bet 54 gl ool

3037, Sanko Tsusho Co,

A@~0),

UJ

ole e 9Aal 4

]
ZAAANA 5% A0 R 63] HHE S48, o
=

2) EEG data collection and analysis
AxzgAdols 2Ees W JA ==
Ao Arg ARHeR 245 SAste] 27
B A4 gelol A A 5t wa
a3t ¥ T} HoJE = Poly G-I(LAXTHA
Inc., Korea) 71715 ©]|-&-3}o] 33}l
(ver 3.03, LAXTHA Inc., Korea) iiE%’J]Oii o]
HE 7h3ste] 2AEA. W] FHES =3

a1, TeleScan

3HE EEGE 793 2 1A Sololw ks v
ong gPAEol A9 G T3 A%EA 4 A
& ABA QS = 5 e B, TR, kR,
d3E AHAE '6}1] REE ok 54 A
574 o] vl whep A 2%(23~267C)
o} FE(S0~65%)8 Ao, Aes Aget
8% oA AES APt APAEL 9

Front Side

® Front Waist Band (FW)
@ Front Abdomen (FA)

® Front Inseam (FI)

@ Front Thigh (FT)

® Front Hem (FH)

® Side Waist Band (SW)
qn @ Side Femur (SF)

' Side Thigh (ST)

©@ Back Waist Band (BW)
@ Back Buttock Protrusion (BBP)
@ Back Gluteal Fold (BGF)
Back @ Back Hem (BH)

<Fig. 2> Measuring points of garment pressure
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Aol gko} <t
Eff el A lcUr % o A
EU9S ] el H S A ws A=
Ch(http://www.laxtha.com/).

A 52 95= 1020 4] 27 Aol
ute} F3]9) 87 H-9J(Fpl, Fp2, F3, F4, T3, T4, P3,
P42 A3 TH(Seo, 2010). 7]EHAFE Al, HA
A5E A20] H-AslSiTh(Fig. 3). AMEE A5 &
0% =¥ WWHH ﬂ*ﬂ %Olﬂﬂl A 5

HT

428 Fo2 T3 U AL AT T
% AE HFES olgale] HAATFE BHe,
a9l A=E A4 Hof AFFo] we] A @
1 e EHel & wgHe Qs AN

3 2} ARG 85 ejel A <ol o
of ¥Rk S A F S Adatelon,
S 102 B9k A% Z4s9 £98 doly 3

dolH & 7Fate] EA oA Alejstlet. g =
kol ogk EARE o] EQMAAS wWiAE] 4
3}o] Fast Fourier Transform(FFT; +2]o] W3HS
o]-&3}o] 4Hz ©]3}, 50Hz ©]4e] 93-& o] 3}a}ol
AABAE 7FE Huhe= 2F Fokg iR 3t
9] =2HERssto] o tet gt ATk gk a=
8~13Hz, £=13~30Hz)¥} ~Ed# X A|4(high £/a,
high 8=20~30Hz, a=8~13Hz)E ¥4 a}3it).

<Fig. 3> Location of EEG electrode
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3) Measuring subjective comfortness

el AREs 474 AEAS W A3t =
e A AAEE AR 2AE F3 FH8]
Qg Bt f% -2 Tehg(Suffocation feeling) 2} &
Aol EAsKMotion discomfort), <] 44
(Appropriate tlghtness)"]?i‘:]' HFHAEL A3
g3 5 sk o AEA &F A4S 5
T grherlet. W7k 9= s, o, Yo
;41:1_?40:1 013:] 7_]-7_]- 57(4 ﬂ_],:_(xq—g.q I8x ]
- 228 v=5)2 F7bek3ith EEG SA#
A HG7e SAEA] 230 PASW Statistics 18
& olgale wAANT. EAA B wwe
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IV. Results and Discussion

1. Garment pressure
2] SR 54 Juete] Bire 4
5 ((2.60kPa)7} A3 5 A(1.87kPa)9t A& B(1.89
kPa)H T} #-2l8tH Al =UTHP<0.01). AFE A% B
 H5-(@ Front abdomen), {rlz]5-$(@® Front
inseam, @ Front thigh, @ Side thigh), B T5-21(®
Front hem, (2 Back hem), %% ©]4-91(10 Back buttock
protrusion)ol| A H]S2gE =520 o] 3qhS LpEHT
= E (@D Side femur) S AHE A7} AHE BR.
oh R W FEol9a(P<0.01), EFH (D
Back gluteal fold)> 25 B/} Ad&E ART &
< "20]9\11:}(p<() 001). 2t ZA4 A <] oHete 2
A= S AH(D, 2.13kPa), 3225 (6), 3.76kPa),
ﬂ%ﬂ*ﬂ(@ 2.28kPa), E7]1%H (M), 2.13kPa)yS
AT BE oA B A B oF
3H(1.96kPa ©]3h< LrERT) A3 B 829k
(@, 2.07kPa), 51223 (®), 393kPa) o) 2@,
2.58kPa) & Xﬂﬂfﬂ wE 544 w 1.96kPa ©]3}]
e O Eets Bl A

28
F9elA %aﬂ%‘é hz’é -

5 61€1°“4(® 471kPa)4 O] EH kS *Mﬂz

s7F vebd = 9l 88 @l 4%%}(3.92@31)3
Z3}aiTh e Z5(@), 3.20kPa) 2@, 2.58kPa),
Hole] (@), 2.74kPa), 0 EE 7 (10, 2.49kPa),
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{Table 5> Garment pressure of experimental compressionwears (n=12, Unit=kPa)
. . Experimental compressionwear
Measuring points F-value Post-hoc
A B C
@ Front Waist Band (FW) 213(0.77) | 2.07(0.59) | 2.420.63) | 0957 -
Waist | ® Side Waist Band (SW) 3.76(0.83) | 3.93(1.06) | 4.71(139) | 2417 -
© Back Waist Band (BW) 1.80(1.06) | 1.71(1.00) | 2.0000.82) | 0.296 .
Abdomen | @ Front Abdomen (FA) 1.38(0.40) | 1.51(0.36) | 2.06(0.40) | 10.280*** | A, B<C
Hip @ Side Femur (SF) 2.28(0.56) | 2.58(0.47) | 3.20(0.81) 6.648** | A<B<C
@ Back Buttock Protrusion (BBP) 1.47(043) | 1.61(042) | 2.49(0.53) | 17.304***| A, B<C
® Front Inseam (FI) 1.65(0.41) | 1.66(0.54) | 2.58(0.85) 8730** | A, B<C
@ Front Thigh (FT) 1.78(0.38) | 1.78(0.45) | 2.74(0.49) | 18.835%**| A, B<C
Thigh ® Front Hem (FH) 1.37(0.38) | 1.35(0.30) | 2.17(0.59) | 13.419***| A, B<C
Side Thigh (ST) 129(041) | 1.25(0.35) | 2.08(0.77) | 9.030** | A, B<C
@ Back Gluteal Fold (BGF) 213(1.01) | 1.80(0.39) | 2.58(048) | 3.884* | B=<A=<C
® Back Hem (BH) 1.44(033) | 147(0.36) | 2.19(049) | 13.281%*| A B<C
Average 1.87(0.44) | 1.89(040) | 2.60(0.52) | 9.902%#*| A, B<C

*P<0.05, **P<0.01, ***P<0.001

flo niz

71 133(@, 2.58kPa)dl A= 2.45kPa /¢S] =
o] E-¢to] UEFHTH(Table 5).

2. Objective evaluation by EEG analysis

Axelaglol 244 A7k gk A2t
o] afolg Ao BNy 93 H5 BAL
AN K3t o te} g3te] Aokl gl(a=
8~13Hz, £=13~30Hz)¥} ~Ed# X A <4(high £/a,
high 8=20~30Hz, ¢=8~13Hz)Z ¥4 A ¥ = AA4
sto] &4 skl

S ok e 3B AYERS AeH Y

f
=

2

of a7k b A wAE YEe 49% C
oldlo B

(55.449/0%)°1
7b FA Aol 259 o
IS FRE v B

N

%
X

3
oz
5%
Bl

(23.769/\%), A& 5

1A 54 oTte] Aotk e=8~13Hz) ¥} g A
& 24T 23t o3 3e] Sl A3EL A CE A&9s o 7 A e Th25.236040°).
5 A(63.302/0%)9F A5 B(60.685M*) AT kA 2 E g2 X 4X(ST: Stress)= Yot 0] =2 A
{Table 6> EEG analysis of experimental compressionwears (n=12)
. Experimental compressionwears
Evaluation EEG value F-value | Post-hoc
A B C
Absolute power of a-wave (Unit=/V?) | 63.304(45.89) 60.685(41.20) 55.449(42.31) 0.147 -
Absolute power of 8-wave (Unit=V?) | 24.877(12.37) 23.769(14.44) 25.236(12.93) 0.045 -
Stress value 0.436( 0.58) 0.382( 0.42) 0.552( 0.65) 0.347 -

*P<0.05, **P<0.01, ***P<0.001
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7% CECRECERtEY
A% 02 34902 ) M 0 ek 055),
AARSEE P £2e 299 495 BE 2

al
S EAHOR R

= UehhiA e ko, atake] s Fal o
o gl whE AR HAgte) BFE detd &
ATk 2 A =G o5k = Pz
AAEIPE O 2EHU2 AFE F7HI7IU AA
FAER sht Es 24 Hxdddol(dd
5 B)e A e Fa 2EUAE UE
of F& %ol A F AeS Al

priate tightness)®] @+ 0.2 Lhro] 71g A} &

@&l (suffocation feeling)?} &24<] &3 K motion

B4, o), dod

591 A A Al AFE 2o o3 AFol & e
]

discomfort) 3] 2] -9,

Whp=<0.001). L2t} 239 A4

[e]
‘\‘:/\Eu

SRR SR L

zko)7b FElEt A YA ghokon, sE] -9l
ARk 9@tk 2fol & YERITHp<0.01). YELeR
913k P (suffocation feeling)> A EH A+ 1.3~
142 vf§- yorom 2¥E BL 1.8-2.1% WA U
Ebwtth g B9jo] i Aol Al §ISdTh 1
Hu A8 co tajrE 354302 ul¢ A
HEEE =7 Ao YEsT 53] s¥A] F9
(thigh= 439 %2 379 ggdS =71 2=
el &5 E3H 3 (motion discomfort) = A
AE A9 G- 13~1.60.2 wj$- oo A=
BE 1.8~1.9% @& FFo|dtt. et AFHE C
3.2~3.89] H|A FL& FFo] AFAH TS 7
Ao HrHEQI) o) W] F-9l(front thigh:
2.74kPa, side femur: 3.20kPa)”7} vi-$- &< o]
S Yeld A3K(Table 5)9F #Ho] S Ao= A}
¥} w3 1.87~1.89kPa B9 ¢hal £
of % HZAAAAN(HIE A, B)E HENS 1
APAEL g@Te] 719 fli(1.4~2.0), 29 &
A= A 1A TH(1.5~1.8)(Table 7).
e} Ze Are FHAQ ARRAE 9Hd
ojvf &) EHFS vuA EHsiA FrtE &
] Hon| oj&gte] =& FHHAFRL7} Gy
ATS =7& 79948 Y, =3 =

e oofr

{Table 7> Subjective evaluation of physical comfortness (n=12)
Physical comfortness Experimental compressionviears F-value Post-hoc
A B C
Waist 1.3(0.49) 1.8(0.62) 3.6(1.00) 31.818%#* A, B<C
Suffocation | Abdomen 1.4(0.67) 2.1(1.00) 3.8(0.72) 28 694+ A, B<C
feeling Hip 1.3(0.49) 1.9(0.95) 3.5(0.80) 24,7797+ A, B<C
Thigh 1.3(0.65) 2.1(0.90) 43(0.87) 41,607+ A, B<C
Waist 1.3(0.89) 1.8(0.75) 3.3(0.78) 20.429%+* A, B<C
Motion Abdomen 1.6(0.67) 1.9(1.16) 3.2(0.83) 10.033%* A, B<C
discomfort Hip 1.5(0.67) 1.9(0.90) 3.3(0.98) 14.878%++ A, B<C
Thigh 1.5(0.67) 1.8(0.97) 3.8(0.83) 28.360%+* A, B<C
Waist 3.5(0.90) 4.0(0.74) 2.6(0.79) 9.327%* C<A, B
Appropriate | Abdomen 3.2(0.72) 4.0(0.85) 3.3(0.98) 3.164 -
tightness Hip 3.3(0.89) 3.7(0.89) 3.8(0.94) 0.951 -
Thigh 3.3(0.75) 3.8(0.83) 3.1(1.08) 0.117 -

I=strongly disagree, 2=disagree, 3=neither agree nor disagree, 4=agree, S=strongly agree
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