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Optimization of mixture dyeing of
persimmon and garden balsam

Single dyeing properties of persimmon and garden balsam on cotton fabric

¢

Bvaluation of color combination emotion
of naturally dved fabrics under optimized

conditions

.
Mixture dveing properties of persimmon and garden balsam
J
.
Optimization of mixture dyeing on cotton fabric
J
g

Evaluation of dyeing fastness and functions of fabrics dyed under optimized conditions

.
Selection of color combination stinuli
J
Physiological emotion Subjective emotion
| |
\ \
' i ¥ .(] i ! '$ 0 C
REG sigal harcteiscs Extracting emotl‘on fflctms of color
combination
l \ l J
‘ Y 7 \
Relation between coor characteristics Relation hefween color characterisics and
and EEG signals emotion factors of color combination

i

Establishing prediction systetns for color combination emotion of naturally dyed
fabrics under optimized conditions

Fig. 1. Research flow chart of this study
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o o]gtxo] ¥ FAS T Wiy FE7] Aol dehuH, wE d3H(Fast
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alpha) %= W EHBeta) 3ot 7H7H] A A 718 Auld o detdda sl
(Kim, 2011). WME}Beta)¥h= =& =1 Q& W FAstaL, AFHolA o] =4
o] wwu ¥ ~EHAE FHstE JHd o vERdTh wER(Beta) e U
< el (Low bata)¥tet F37F wlERH(Mid beta) 3= U] A =4, ¥ wEHLow
bata)dt= FHTHol Eobd o yetuw, T+ wlEH(Mid beta)dt= T E o
g5 Aol A vebd ool &9 tH(Ansorge et al, 2009; Kim, 2011). ¥ 3}¢] F3t
FEA WE F79 EAL <Table 1>0] VeI, Ldutute} welvle] 3}
T gl T/ 2 545 <Table 2>° YER AT

Table 1. Brain wave types and characteristics(Lee et al., 2014)

Brain band  Frequency band width State of mind

Delta 0.5~4Hz generating deep sleep

Theta 4-3Hz med1tat1f)n, bemgsleepy, Hallucinations,
use one's psychic powers

Alpha 8~13Hz relaxation, calm state, lighthypnotic

Beta 13~30Hz the éctlve awareness,  awareness, cognitive
processing, tension

Gamma 30~50Hz memory, learning,  highest level  cognitive

processing, judgment, reminiscence

Table 2. Frequency band width and state of mind for alpha and beta waves
(Choi, 2011)

Brain band Frequency band width State of mind
Slow alpha 8~11Hz meditation state
Alpha 8~13Hz tension and relaxation
Fast alpha 11~13Hz calming, creative states
Low bata 12~15Hz attention, concentration
Beta 13~30Hz the active awareness, cognitive processing
Mid beta 15~20Hz learning ability
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2) 40 WA B AT
A A7) BE Hge AXn e A 93 zolrh Abge] Az

et dFES VA, AANE T 7oy Bt 22 Aol A
S-S 714 "dci(Hong et al, 2009; Lee & Lee, 2012). 3 A& T3 =
AAE FHH HES ARH R dZatn AFsteles ATEe] AEHI

UH(Lee et al, 2018). A&k Hato] i3k MAFAF52 AA|A=0] A2 A 2=
¢l HuFEo] wet olgky A EHE HAFASS ¢ F A (Starchenk
& Boitsova, 2010; Yoto, et al., 2007; Chong, 2002; Hong et al., 2009; Hwang,
2017). Starchenk and Boitsova(2010)= &AM 3} ZZ M)A o|dS FLE3sf
Sstzte] Z7b7} e Wi was e e weksel glge] 277}
e TEAL 3F9 AL, Yoto, et al.(2007) IpefA], 2E A GG Mol o]y} Q14
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g a7F =2 Fdo] A Aol Ao olek ATt Aa, dutatr) Sst
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2138+ RAB(Ratio of Alpha to beta, 8-13Hz/13-30Hz)¢] 3= Z oA A
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al., 2019) Badmaanyambuu et al.(2019)
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AE ARHom FAsa w33t = e Wiolgta & 4 Avk(Lee, 2006).
aea dubAor S e Mok, Aol g zHz owx] Prh 4
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tHKim & Choi, 2010).
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1. #3 243t 394 H43

1-1. 9458 2 AEAR

B oA AFEEH FH( ¥ Persimmon, ¥ :Diospyros Kaki) ¥&+= 799
ATl A A= AE S A FH72 2t FF57E o] &3
3% 3 524 7#1Z7](PVTFDI0A, Ilshinlab, KOREA)E o]&3lo] 72417 &

oF A - Ax AA EZgsldt. B3 (9% Garden balsam, ™ :Impatiens

(

balsamina) ¥ &5 AFolA 69d A= ¥ Aujst 5 7L Y Alolo
Hslol &3t & FZEFsle] o5 Fdd TZAAZX7|(PVTEDIOA, Ilshinlab,
- xse] Bdgstdn. AE AIEE AT 100%

AR B4 g BHE gEE

~
@)
=
o
=
ot
ﬂ
[\]
>
ri
r&
olft
iin
;

<Table 3>, <Fig. 2>¢} %t}

Table 3. Characteristics of fabric specimens

. Weight Thickness Fabric count
Fiber Weave ) .
(g/m”) (mm) (warpxweft/in”)
Cotton Plain 112.40 0.32 86.72

Fig. 2. Dye of persimmon and garden balsam
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3 FaA F7t

1= =]
-1-_,_—-11—2‘_'1'

3

A

1-2. 94859

I
i

0

§ FT-IR(Fourier

o5
33 600~4000cm <]

tel KBrs] A = ol

£3

|

=
=

A(FT-IR 4600, JASCO, Japan)

H
=

Transform Infrared Spectroscopy)

2) ¥TA

KS K 0693(KATS, 2016)°l <]

F- 1t (Staphlococcus  aureus ATCC  6538) 3}

Brhe

T3

2

SEEED

d

A

3}

ks

A HE

B

B

N

ol

ol

(Klevsiella pneumoniae ATCC 4352)

<Eq. (1)>3} 2t}

14(1 ]‘Ib 100
X
4 '/Ia

Bacterial reduction rate(%)

M,: The number of microbe in blank specimen incubated for 18 hours

My: The number of microbe in test specimen incubated for 18 hours

1-3. 444 H7t

D 94 2y

wK

o
W

el

ol

ol
o

!

ted 40C, 5

3

B

)
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0C, 60C=, FAAIZF 202, 40+, 6

(DL600, Daelim Starlet co., LTD)
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ol

&

FATh. el
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IH
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3t

xéo

A
=

70%, 80%, 90% =

bk AH 0w

°

ATt

<

9 ¥ (owhHE A
L 278 <Table 4> A|A]

A w2 100%, 150%, 200% %=,
1
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[ex]
™

10
20
30
15
30
45
20
40
60

o

]_

3|

Garden balsam (%, o.w.f)
A

=

=

Design, Korea)
!

Persimmon (%, o.w.f)
90
80
70
135
120
105
180
160
140

Table 4. Dye concentrations of mixture dyeing
=% 100T~200C2o=, Al

100
150
200

[e)

T

\J

12 Flat Bed Press(P8200,
Al

5

4

Total (%, o.w.f)
IR
=
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=
H
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3) 9FF

7 BAE 23 daRZ GA% A Ee] JdFHEe ¥ AT K/S e A
) A(CM-2500D, Minolta, Jappan)& ©]-&3te] 360~740A W 53 HE
ol A HGF a2 FHWALE(R)S =435t Kubelka-Munk?]ol] 7] %3t

olef o] FA<Eq. (2)>°] ute} 233kt

K/S, = (1_R)\)2/QRA ......................... Eq (2)
K: Coefficient of absorption
S: Coefficient of scattering

R: Reflected light at wavelength

4) A5

x A digk E2l4 542 AAA(CM-2500D, Minolta, Jappan)E ©]
&3tel D65 FA3t 10° Aokt =3 stollAd CIES] L7y a' b C 73 HA
AANA L] 3442 H(Hue), V(Value)/C(Chroma) #= =433, 2t Mo &

2 PCCS(Practical Color Coordinate System)ol] 2]3}o] A3t M A= A4
A E A o WA A TS 7|FOo 7 o] ArEg o, CIEAE,,, e o}
o] FA<Eq. (3)>°l uteb AE3skgdoh

AEapio = [(AL 1) H( A0 10) H(Ab 1g)"] 17 oo Eq. (3)

5 @A =

A st duRe dATE A Ee 9 AR dF AF=(EKS K ISO
105-B02:2014 Xenon arc (6.5kw 2], W3 T NAxo] o)t &AM
A =(TWC TM 250: 2009 ((40+2)T 30+ ECE A AlAD), vtz A E=(KS K
0650-1: 2017, Z2AvEHH), T AF=(KS K ISO 105 E04: 2013 (37+2)T 44]
hell wel H7kekad
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1-4. 48429 AZ{HSH AFAG 71548 7L

1) Ad=
AN HE FxAHS FAHE7] f% AAdEE KS K 053990 3 Cantilever

=2 7](HEUNG SHIN TESTER, Korea)ZE o|&3to] &£3dM HA 3 mdg
HES W2 A SA3GY. 2 A E9 A7) 25emx15.0cm= A A S (Warp) 2
FgE(Weft)o] iy S-S 33] A6t H e AEsdh A& =4

ol HAE Co 2744 %E EE oY &4 <Eq. (4)>, <Eq. (5)>°f ufz} 4t

]
>

C(ecm) = D2, Eq. (4)
Eemg) = CXW o Eq. (5)

C: Drape stiffness

D: Length of sample along the inclined surface(cm)

E: Flex stiffness

W: Weight of sample(g/cm?)

2) 37FI=

F71 55+ KS K ISO 9237:1995W 2. 2 100Pad] ¢#x 2do =z F7|53
% Al 71(FX3300, Textes, Switzerland)& AF-&3to] SASATH Alget 4w
Eis

o AAPAES By T ES Ao, 53 =A%

AN —
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HAEYS7AS JIS L 19272020802 HE=YW7 Ald 7] 7] (THERMOFEEL,
PF-QMM-0DE Algate] 33e] 2= oWg 7 534 4% ARgon 5
ekt v Remste] o2 welstel GAB Ane] LEAZ 10T 39

3 ¢7)9ke] e HAskE7] Yste] 20T, 65% RH=E FAE Al H 37 o A

HAs £FAM A= HFAF 7leAdd ALdAAdAd W= KS K
0850(KATS, 2019) =8 wel UV Transmittance Analyzer(Labsphere Co.,
USA)E AH83le] Xenon Arc #Uo 2 290~400nmE F3AIA FslA] e
ZF9] & UV-A(315~400nm) et UV-B(290~315nm)= o] WZ&= LER
Ak AL F &3 Ao AR GES ok o] A <Eq. (6)>, <Eq. (7)>°l wz}

2hE sk At

UV transmittance(%) = (I/B) x 100 = Eq. (6)
T: UV transmitted through the fabric sample

B: UV transmitted without the fabric

UV Protection(%) =100-UV transmittance - Eq. (7)
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6) T

HA s EFFMN AEo R TeAHeEA Fdd WrkeE KS K
0693(KATS,  2016)°1  ¢ste FAHsAo. Aldde  FAZE=R
(Staphlococcus aureus ATCC 6538)3} = 7kt (Klevsiella pneumoniae ATCC
4352)& AHgstlon, o FHAE(%)S EHI AFAL] AR 7} 7S 184
oA Az Aol A A dasR SAsAT AT HAES

ofgfe] F2A<Eq. (8)>°l wal A&ak3iTh

¢

. . Ma M
Bacterial reduction rate(%)=T>< 100 s Eq. (8)

M,: The number of microbe in blank specimen incubated for 18 hours

My: The number of microbe in test specimen incubated for 18 hours
1-5. 23 43 EFEH FH3

1) ¥r&x%

e

AAA

2

N

r_é
~

st A5 EFFEA HAS} =
(response surface analysis)S o83ttt WHEREWHEAS A3 7A€ (design
of experiment)?] &7 & stU=E AA ¥4 AYgS nigor AIFAHS 44

AN S FEs

<
oWt ofye} W Alole] FaIEE HAH B 4= glo] thYd Hofol A A
€53 dth(Decaestecker et al, 2004; Khodadoust & Hadjmohammadi, 2011;
Lee et al, 2009). RF-g-3xE WA AWHG7E 2708ka 7FGE of W5 xq, x09]
WAstol] wheba WEERS yrb WS EHES wEEY, o] WEEEHS yob x;, xo%t
> (Oh et al, 2002). HFHWF (x1, X, -+, xi) 9}
YehlE F2A<Eq. (9>¢F 2ok

oo
FH

rr

i
=
o,
kS

[-'E
oo
E
3r
<
o~
1o
ry
X
Ll
i
&
&h
it
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A <Eq. (10)>3} o] yepd

.
A Eys 32

y= Bo+Bix1 +Baxa+ -+ Bixa

Rbef S@wge) 7k 308 k=330 4% s A<Eq. 11)>3 o] yepd

y= By + Bix1 T Baxa T Baxs + 511)& + /322X§ + 533X§ + BraxiXe T BiaxiXs T Bagxaxs Eq. (11)

919 A6)e Frersl wge]l 2@ FA<Eq (12)>7 2t

oy _ o / ’ L L O Dy e
o ax (B+x'b+x'Bx)=b+2Bx Eq. (13)
Yoo AAHEolgta F21 T2 <Eq. (14)>° 98 +& 4 St
XOZ_B—lb/2 ......................... Eq (14)
QA A% 24 BeEAAA yh Aok Ax yo A EE b Ha0)
B el A, yh AUE odm ARE ol (o kel Al A F st
S, F 7he] SRl Aol ekl yol SadEeld Fndgs 1t
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ol

A &Y % Box-Behnkeng ©]&

AE skt dA

A3 EFEH HA5te dF4A

she] 23 BA8 A=

AEFE 100%E Yoz

2= 0

HEEE(%), & A min)S F8 W5
, -1, 0,

<Table 5> #o] ZAHA

a m, Ab 105 AEgh 1(/)“/]’ 7]' alﬂ
AESH] $38te] BBD(Balanced Block Design)® AAHE 971#] ¢
o] 97) A% A

AE(E)e TEHTE 3

=94 ol @4

‘|" =] O}}\}\__.tq <Table 6> 71—0]

Table 5. Factors and limits for the Box-Behnken experimental design

High
limits

D
90

Center
points

(0)
80

Low
limits
(-1)
70

Concent ration
(%, o.w.f)

Factors Unit

Xi: Persimmon conc. %

100

X,: Color developing time  min 5 10 15

Table 6. Experimental design matrix and coded values on experimental runs and
mixture dyeing process values by box-behnken design

Coded variables Process variables

Run no

X X X X5
1 1 -1 90 5
2 1 0 90 10
3 1 1 90 15
4 0 -1 80 5
5 0 0 80 10
6 0 1 80 15
7 -1 -1 70 5
8 -1 0 70 10
9 -1 1 70 15

X;: Persimmon conc. (%), X,: Color developing time (mim)
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3) TAEA

Ae 7o) B4 9 A 3= Minitab 16(Mintab Inc., Statistical Software)
S ARESESTh A A G A A 97HA] = wet 3y A g

AARE Fo ARE F AWt A4 2ES ZAskdv. Canonical 2E ¢

sl AAsE 9@ A9 PAS due B¢ v A BAALS ARG,

=
1 A3s o= (point prediction)s Fall HAom AU Ao A

Plot#} Response Surface 3D GraphZ ©o]&3tt. EA4 FoH HAEL

ANOVAe] oJaf|A A3 - p<0.05 oA AA AT
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2. &3 B3 HA3 EFEH HES o8 AAGH MARAA

Mo ngsa Az oF MAERS BB waow dgsdct T
AAow FA4 AL 98 Yellow Red(YR) ADQ) 33 B3 £34)

R FxA4A4F #A¢l Purple Blue(PB)9F Green Yellow(GY)
A S FH AT olol 7y st S Aol A8
TYU3 AAES Yo Z PB A2 AlE & P E(F&B, India)e] 9oz

Aatq o, GY M-S A3} A3 MA(Arts & Crafts, Korea)e] &3
o

E(Na25204)& b5gE 49 7T 10mle = = & dx5 S He| o] pH
10~115 5o, 60TAA 6013 A & d8 EFAS & ddow

AFEERTh & dAe &) 111002 A AMFE 25%(paled) %),
50%(softA =), 80%(dull¥ =)= 30TCoA 1023t st GY A2 2AH

M2k NG Ane EFAMoR PAdEor, B G a2 FA

lo

AR 60 0] o m FAstath AA dREE 100%(o.w.hHE 71FE
2 /eds g n AR g8 s Bdstr] st A AAT7%+A] A5
1%(pale™ %), =] A4 35%+ 2] A 35% (soft M Z), X A4 70%+30% (dull 2 F) 2] A =
e T3 vEs dAste] A5kt

A 7bel A wjAml o2 Mo wrE wj ARG s A AAHE A AT
Hj A f-3 o A eSS Esle] MZE dull, pale, softE AAdFoH o5 MEE

a
ol gste] FAME I FAME AT, FAAE AT 3-uA AExT
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= TASAT. T uE wiA Il A WA H R 2:2:2, 41:12] 7 7bA] E A
H S A skt
A 2p=-Ee] Mz 548 <Table 7>, <Table 8>, <Table 9>¢l| A3}
th. <Table 7>} <Table 8>l < = gl5o], 3-wiAelM 33} 43 &4
A A Ee] Mres EFAA HAS daxer B soft MEE LA
o, & A3 AAH/AAG SFAdN A= AAE dull, soft, pale®] 371 M=
= 27 TAlAA s A, S A T S uj AT 3-ui A
2 717 A=E Cly C2& Y=z oz 3-
v A A A 592 ot Cle WAH|ZF 21212001, C2v 4:l:leth. A== C3%
3-mj Aol A EAL Za, WARZF g2 g
Co¢t Co2 Tax mjA I o= 3-uf4 A 54L& 2 WAH o] Zo]7} gl
G4 softM el FH A softx, XA H A A

soft M Fo] & o

b i=

A
A paleM %, A2 2 A2 EFAA pale 25 A st o, A E u
AL E3FA softFol 2 JA dulldz, A4 2D 243 EFAA dulldy
25 WjAskTh. 1831 <Table 9>¢ll A|A|gk wpe} Zo] zb 3-wjA A5E&
TAstE Al 7FA A A Colorl® Color2, Color3e] LYy am b ks ol &3t &
2 A wjAWm S Aeke ATt F XL, Za', b, ZCYe Colorl ~Color32)
L'y a b C% &= Ao, SL,, Za‘u, Zbuw, ZCu,= Colorl ~

Color3¢] W Aju|el we} 7kF21& AAgste]l &AF ghold
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Table 7. Color combination types, area ratio, and photos of stimuli

Stimulus Color Area
.. . Photo

symbol combination type ratio

Cl1 2:2:2
Identical

C2 4:1:1

C3 2:2:2
Medium

difference 1

C4 4:1:1

C5 2:2:2

Medium

difference II

C6 4:1:1
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Table 8. Physical color characteristics of each color for color combinations

Stimulus symbol

Cl C2

C3 C4

C5 Co6

Area ratio

2:2:2 4:1:1

2:2:2 4:1:1

2:2:2 4:1:1

Hue
Visual photo

Color combination

e Identical Medium difference I ~ Medium difference II
L'y 65.58 65.58 65.58
a’n 9.82 9.82 9.82
b1 16.65 16.65 16.65
YR  color 1 ' 19.33 19.33 19.33
H 5.6YR 5.6YR 5.6YR
AV 6.45 6.45 6.45
C 3.39 3.39 3.39
e d o i
L'y 45.41 82.22 33.55
a’n -5.84 421 3.8
b -19.74 -9.50 -18.98
PB  color2 Cn 20.58 10.39 19.26
H 2.5PB 2.4PB 3.5PB
A% 4.32 8.05 3.19
C 5.19 3.12 4.44
e " ’ a
L' 66.88 75.56 57.02
a’ -6.90 -7.23 -10.44
b 19.88 13.11 18.56
GY  color 3 C 21.04 14.97 21.30
H 42GY 6.5GY 6.4GY
\Y% 6.60 7.46 5.60
C 3.15 2.22 3.54
e s ’ ;
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Table 9. Physical color combination variables of stimuli

Stimulus symbol

Cl C2 C3 C4 Cs C6
Color combination variable
XL 117.87 117.87 22336 22336 156.15 156.15
Sa'y -2.92 -2.92 -1.62 -1.62 -3.90 -3.90
b 16.79 16.79 2026  20.26 16.23 16.23
%C, 60.95 6095 44.69 44.69 59.89 59.89
ZL*“,J, 711.48 749.22 893.44  840.2 624.6 705.78
Za*m,p -11.68  53.08 -6.48  55.68 -15.60 51.12
Zb*mp 67.16 13348  81.04 14042 6492 13236
ZC*IW 243.80 237.88 178.76 20536 239.56 235.76

2-2. Y@=

Aol el A % AT A dgtael A o7 8 HARlE A
Tk 200 oA 30" ew FAsklth RIS Aol M AT g
& 2%7]#e] IRB(SAWEJINU-IRB-2022-014)¢] $0& 2o, 7 937

AzRPH Ao BH L g

Sk, AlZke] ol4be] §lEXE TEE st

olsste] WA O FelFrh BAE W

2-3. EEG A3 & o]-&3 AHH #AAH H7}

EEG(electroencephalogram) 2%+
Korea)& AR&3te] =4 =
Nzstel H4A 24 RAE A4 FB ABAL ADS FOE
o 9 o] AHE 92 ANTFH(Fpl, Fp2), AFGF3, FHT 74 A (P3,

S FAsAT AFES T 3|4

z

Polygraph System(PolyG-A, Laxtha,

715 A=FHel 10-20 A=A ~El(electrode system)ell

-2k AEjell A Viewing Booth(GretaMacbeth, Judge I, USA)E



o145t Dl 0°/45° %A wel A AA AT I @A AP Ao 587
ool ghol FAL Astgor], AFHE AFHA G FHAA 602 F
AT T F O 602 B9 FAL A9

a
¢ To® HWA EEG AZAHR

i

EEG A3 & =743}o] Base signal® 3%

Fol B9 =M ATHE AFFL 603
g Zqstgom, 4uA 448zt 89 #4E <Fig 39 2k 4 v @Ae

L CIRER-ER P
o A A b 20224

1l

=& 6021 ToE BHA M3 YRS S
349

4 8N 39 24U7A A4 H e,

w

{ 3\
Relaxation for Smin

. l y,

( z

EEG signal measurement for 1min without stimulus

|

Relaxation for 60s
EEG signal measurement for 1% visual stimuli for 60s
Relaxation for 60s

EEG signal measurement for 2 visual stimuli for 60s

.*

i

[ EEG signal measurement for 6™ visual stimuli for 60s ]

Fig. 3. Experiment protocol for measuring EEG responses
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g A=FomRH FYEe HaE AdeAth = F"olv ki 259 w44
of we} e Wi dEel(delta, 0~4 Hz)E AAT F FFT(fast fourier
transform)®] &ig]FE AMES WA Fi5 9 (4~50 Hz)s A8kt
A 255 mE ¥ues =9 99kik(Slow Alpha, 8~11 Hz), ¢3t3(Alpha,
8~13 Hz), W& <33}(Fast Alpha, 11~13 Hz), %< wlEl3(Low Beta, 12~15
Hz), ®lE}3}(Beta, 13~30 Hz) WI=2 UFolA Fubg 9z g A =
of gk Fhd @ <Eq. 15> EF3e g <Eq. 16> HF HolH= A}

L3 (Lee et al, 2018; Badmaanyambuu et al.,, 2019; Kim et al., 2019).

Nl — (X*P)/ P ......................... Eq. (15)

X: Signal during the exposure time in each stimulus

P: Pre-stimulus signal (baseline)

N2m = NX,H]/ max(NXn) ......................... Eq (16)

NxX,;- Normalized value (N1) of the signal

Nx.: A vector with the normalized values (N1) of the signals,

elicited by all stimuli

n: Participant, j: Stimulus
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Fig. 4. Equipment of EEG signal measurement (PolyG-A, Laxtha,

Korea)

\‘ File Open
File Save

| apply

) Cancel

Fig. 5. EEG electrode locations of EEG signal experiments
(Laxtha, Korea)
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2-4. F

<)

A g4 37

(

=]

2+ 9EAE A4 7449 EEG A58 =2Asta o

iy
Ay
ol

o
&5
3
Q
2,
fos
Ay
oxl
>

IS
o

A3k A= A= FH4 2 Brtel Folskaith. ¥
T3 Viewing Booth(GretaMacheth, Judge II, USA)E ©]&-3F D
Ao T =] 3 A(N=5) Ko R 3-ujA =525 93} A
Azl AR AAstL A7 AiEAo] Heles stk 72 @A d=
F 6719 ME g2 v 35S Fo2 Ba Zhzte] dEXA o w@els Wae

= 20221 3¢ 8UFE 39 24L47MA vy AR A 7E7E DA E AT

X

WA A RE LRIA9YY) AAolnx) 27deA ey, whT, a)
o, ey T Reu 57he) 71 2 J8Akek P 84 2370 E AdAE F
2870 FEALE AHE S tH(Table 10). AEA A2 -3~+39] 74 ouuE 3%
(Semantic Differential Scales)® T3t o™, +3¢= LRIS AAH FE&AE
-39 FEALY] FAoE AFESIAT S, -3~+37bA 9] A5 REE 00]7Feld
3 A oA E SAAem QAR ounlstal, Ou|rtolw FAA o m AT

% olv| gk,

Table 10. Color emotion descriptors of color combinations

IRI representative descriptors

Basic sensation Emotion
Rural Comfort
Conventional Subdued
Rustic Clear
Bright Gentle Mild
Heavy Natural Urban
Strong Elegant Sporty
Deep Modern Classic
Soft Pleasant High-tech
Dynamic Practical
Fancy Chic
Cute Appeal
Fragrant
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2-5. Helg £4

=A% Y33 (Raw Data)x= Telescan(ver 2. 996, Laxtha Inc, Korea)& ©]
&3t dolHE FFsta Fa 4 (Power Spectrum Analysi; PSA)S A
&J3te] Absolute, Band to bandE F+3te] A Ad Fsdd £A4S AAEAT
RE 2R 48 HAE3A d A5 CDF#HYS TXTHIR s & oA
EXCEL3d = ®W3lsto] A Agston, SA4d5] g Fda 2EAxE

FHA A4 7Ee] 2970 A F&Ab gk Frt AdE FAoE wAAg
Q9e FE37] st WlglW A (Varimax) 3 Aol 93 2 91#4 (Factor
Analyisis) S AFEsIRow 7zt 2919 AlF%(Cronbach’'s a)A 35S AT
iAo w2 A 8l AolE EASY] fste]  ddui A EAREA
(One-way ANOVA, Scheffe’s Multiple Comparison)< ©]-&3t$om, #2188

A Aolg ®Aa] 9Ad SUEE t-testd AAlSATh WA

<

[o
-
Ay
ol
~
o
ol
2
L
X
iy
r
ofk
toly
X
M
4

g eclel M Aus JEnds
[ex]

(stepwise linear regression)< 3t}
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V. 23 9 n%

1. 73 A3 39 FH3

1-1. 489 423 ¢44

H dEe A5 dne AES gddr] flste] FT-IR &2¥Eqor Z4
g AE <Fig. 6>9 <Fig. 7>° AAaAh 2 959 FT-IR F4& <Fig.
6>3} o] 322887cm!, 1686.34cm!, 1603.79cm !, 1536.85cm !, 1441.23cm ',
1331.17cm’!, 1206.05cm ™, 1024.21cm’!, 817.46cm’ !, 762.47cm ‘ol A ztz} v =7}
UEbgTh 3228.87cm ol YElY W F¢ wAars ZEldsFela @
E OHE uYee Zo2 Holm(Lee & Vi, 2013), 1686.34cm '¥]3E
1800-1650cm *¢d Aol A }EfLbE carbonyl group(C=0)9] T3 a2 wuhy gl
CHTondi, 2017). 3  1603.79cm ' =  153685cm ' FFIIE
1650-1550cm 'AFolo] vEb v carbohydrates Al 3gtEo] 93 Aoz A}
YA Hur et al, 2015). 283l 1441.23cm ' WEE 159 C-C A=
o7 o FgrigEelTa & F don(Lee & Vi, 2013), 1331.17cm ! F3 2
9} 1206.05cm !, 1024.21cm ' #HlETFx2 C-09 A=2%o|thLee & Yi, 2013;
Tondi, 2017). 817.46cm '3} 762.47cm ' B-Asarone A 2o Z 3% cis-double
ZAdto] ola vEdTia 3 4 dtH(Pang et al, 2008). 1800-600cm Alo] ] 3
A HogM g C=0 group?} C-0O, C-C Al=Z2%Fo]| 23t AHolw ol&
B FEEAdA M Fo3 999 Fay Aotk (Tondi, 2017). webA &

= 4 A5 FE gd ARy EetReolE AREoR FAER

flo

:
4

B3 9859 FT-IR FA4E <Fig. 7>9 #o] 322022cm}, 2920.83cm
1562.09cm !, 1398.31cm !, 1037.98cm !, 856.89cm !, 776.00cm ‘ol A Z}zte] u =7}
UEhekTh 3220.22em LR e A ZEdlsRe OHE dehis Zow
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Kol 2920.83cm & C-H group? &3 =o]H, 1562.09cm & Flarvonoidol A
UEels= C=C group?] &53a= & 4 JHKim & Song, 2001; Kim, 2020).
Ze]al 139831lem e FAE BFAY C=C AH5WEE HEH I et al,
2010), 1037.98cm '+ C=0 & I Zo|thKim & Song, 2001). =3
856.89cm '3} 776.00cm 1529 I A= B-Asarone A E 9 cis—double ZAgrol] ¢
3t ZuaE 2 5 duh(Pang et al, 2008). o]4te] AxpEo] gl E Lo
A F=E3 98 gEA oL (Anthocyanin) ¥ ¢ Z 24 (Chlorophyll) A& 2 =z}

Bicol=d ARom TR deE

100 -
776.00
= o0 A
2
3 2920.83
£ s0
=
&= 1037.98
=
=
—
= 70 139831
1562.09
60 ; ; . y , .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cin!)
Fig. 6. FT-IR spectrum of persimmon dye

100 T
— 90 1 \ 762.47
=l o 1331.17
2 1603.79
=
&
E= 80 102421
=
=
]
Eiomg =

60 T T T T T T 1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 7. FT-IR spectrum of garden balsam dye
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Table 11. Antimicrobial activity of persimmon and garden balsam dye

Bacterial reduction rate (%)

Specimen

Klebsiella pneumoniae

Staphylococcus aureus
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Fig. 8. K/S values of cotton fabrics dyed with persimmon depending on color
developing time
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Fig. 9. K/S values of cotton fabrics dyed with garden balsam depending on color
developing time
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Table 12. Color characteristics of cotton fabric depending on dye concentrations in

single dyeing

Color
Dye vl CIE Munsell
Dye conc. oping AEar PCCS
(%, . tone
o.w.f) tln,le L a1 bw C'n H ViC
(min)
Undyed — 9342 209 -1122 1141  95PB 920370  — p
0 9195 -052 227 233 50Y  9.09/022 1238  p
5 7160 1034 1779 2058  56YR  7.063.62 3611  sf
10 10 6824 1097 1696 2020 48YR  6.723.63 3777  sf
15 6731 1082 1701 2016 50YR  6.633.60 3840 d
0 9152 -059 314 320  54Y 905032 1329  p
Persi- 5 7070 1067 1773 2069  53YR  697/3.66  36.69  sf
mmon B0 10 6736 1128 1722 2059 47YR  6.633.71 3862  sf
15 6483 1165 1701 2062 45YR 638372 4031 d
0 9113 -0.62 402 407  55Y 901043 1421  p
5 7029 1125 1832 2150 52YR 693382 3753  sf
20 10 6700 1091 1756 2067 S5.IYR  6.603.67 3901  sf
15 6214 1208 1813 21.79 47YR 611390 4307 d
0 8248 331 1013 1065 8IYR 815171 2272 p
5 8411 262 1177 1205 94YR 832178 2346 1t
10 10 8266 303 1321 1355 9.6YR  8.172.02 2538  sf
15 8270 311 1330 13.66 9.6YR  8.182.04 2545  sf
0 7794 420 1200 1271  82YR  7.69/2.05 2676  p
Garden 5 83.22 282 1272 13.03 96YR 823193 2469 1t
balsam 10 8149 333 1421 1459 9.6YR 806220 2680  sf
15 8147 357 1447 1491 95YR 806227 2705  sf
0 7761 446 1203 1283  79YR  7.66/2.09 2700  p
5 8271 296 1331 13.64 9.6YR  8.182.02 2545 1t
200

10 82.56 3.09 1379 1413 9.6YR 8.16/2.10 25.95 sf

15 80.03 415 1408  14.68 8I9YR  7.91/2.30 2741 sf
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Table 13. Stiffness properties of cotton fabric depending on dye concentrations in
single dyeing

Dye conc. Color developing . .
D D ffn Fl1 ffi
ye %, 0w o (i) rape stiffness ex stiffness
Undyed — 1.86 291
0 2.32 5.88
5 2.03 4.06
100
10 2.08 4.33
15 2.08 4.37
0 2.85 10.93
5 2.11 4.55
Persimmon 150
10 2.14 4.82
15 2.17 4.99
0 2.98 12.70
5 2.17 4.94
200
10 2.18 5.14
15 2.20 5.26
0 1.59 2.25
5 1.69 2.30
100
10 1.74 2.54
15 1.81 2.87
0 1.57 1.95
Garden 5 1.59 1.96
150
balsam 10 1.76 2.55
15 1.78 2.68
0 1.72 2.45
5 1.73 2.47
200
10 1.76 2.57
15 1.82 2.84
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Fig. 10. K/S values of cotton fabric depending on concentrations of dye
mixture and color developing time a) 100%, b) 150%, c¢) 200%
(P: Persimmon, B: Garden balsam)
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Table 14. Physical color characteristics of cotton fabric depending on dye
concentrations and color developing time in mixture dyeing

Dye conc. Color
(‘Vil, 0.w.f) developing CIE Munsell AEpm PCCS
Towl P B M L'y dw by C4 H \e o tone
(min)
Undyed — 93.42 209  -1122 1141 9.5PB  9.20/3.70 —
0 88.13 1.82 6.32 6.58  76YR 8.72/1.04 1693
5 75.34 9.87 13.85 17.01 3.8YR  7.44/3.17 31.87 sf
%0 10 10 70.04 1094 1412 1786  33YR 6.90/3.37  35.60 sf
15 6797 11.04 13.81 17.68 3.1YR  6.69/3.35 36.80 d

87.13 1.85 7.31 7.54  84YR 8.61/1.15  18.19 p
74.84 8.73 13.57 1613 46YR 7.38/295  31.68 sf

100 80 20

10 69.51 980 1371 1685 39YR 6.84/3.13 3539 of
15 6698 1062 13.68 1732 33YR 658325 3731 d
0 8785 164 630 651 7T9YR 8.69/1.01  17.00 p
5 7552 876 1610 1833 SOYR 746/3.19 3217 of
7030 10 7102 1033 1652 1948  SO0YR 7.00349 3551 sf
15 6648 1030 1662 1956 S2YR 6.54/347 3858 d
0 8729 194 765 790 S4YR 8.63/1.20 1846 p
5 7356 999 1589 1877 49YR 726/337 334l of
13515 10 69.97 1061 1739 2037 S52YR 6903.62 3688 of
15 6604 1128 1787 2113  SI1YR 650376  39.96 d
8728 199 775 800 S83YR 8.63/1.22  18.56 p
7510 866 1331 1588 45YR 741292 3131 sf
15012030 10 6678 998 1273 1618 33YR 6.56/3.05  36.68 of
15 6493 1110 1743 2066 SOYR 639/3.68 4039 d
0 8357 257 912 948 8JYR 826/146 2128 p
5 73.16 1014 1606 1899 48YR 722341 338l of
10545 10 69.93 1064 1637 1952 47YR 6893.52 3617 of
15 64.65 1114 1605 1953 44YR 636/3.54  39.68 d
8846 105 611 620 92YR 875088  16.65 p
7347 846 1355 1598  48YR 724290 3244 sf
18020 10 69.77 1100 1667 1998 46YR 6.883.61 3658 of
15 6445 1144 1805 2137 SOYR 634380 4122 d
0 8462 206 937 959 95YR 836/141  21.04 p
5 7190 857 13.02 1559 45YR 7.082.85  33.06 of
200 160 40
10 7000 1081 1726 2037 S50YR 6903.64 3638l of
15 6263 1085 1777 2082 S4YR 6.16/3.66  42.20 d
0 8493 241 947 977 S8YR 840/1.48  21.02 p
69.90 940 1266 1577 3.6YR 688296 3431 of
14060 10 68.09 1000 1777 2039 SOYR 6.71/3.55 3823 of
15 6272 1067 1755 2054 S5S5YR 6.16/3.61 4195 d

P: Persimmon, B: Garden balsam
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Table 15. Stiffness properties of cotton fabric depending on dye concentrations
and color developing time in mixture dyeing

Dye conc. (%, o.w.f) Color developing . .
i ) Drape stiffness Flex stiffness
Total P B time (min)

Undyed - 1.86 291
2.14 431
2.03 4.09

90 10
10 2.05 4.16
15 2.03 4.02
2.05 4.01
1.99 3.72

100 80 20
10 2.08 4.37
15 2.07 4.32
1.90 3.50
1.74 2.57

70 30
10 1.83 2.96
15 1.89 3.29
2.15 4.43
5 2.10 4.46

135 15
10 2.08 4.30
15 2.06 427
2.03 3.94
150 190 30 5 2.04 4.16
10 2.04 4.13
15 2.07 4.29
2.02 3.85
105 45 5 1.99 3.79
10 2.02 4.02
15 2.04 4.14
2.23 5.06
120 20 2.03 4.10
10 2.05 4.17
15 2.09 4.50
2.20 5.04
200 160 40 290 3
10 2.01 3.92
15 2.07 4.34
2.00 3.94
1.96 3.63

140 60
10 1.97 3.65
15 2.02 4.06

_68_



1-4. T3¢9 8 H A3

~

WHSEARAS SAskel 7 PRFEX)G @ WAATK)S FARFK)
da, EgddoR AdsE BeH WAEY(ALY Ad Ay AEm)? %
44e APAAA weka 7 dRe) BEX)S d 2

Fokol 9% EFPMS Atk SHAGe] BE

f

= ol

of\

Table 16. Experimental design matrix and process values on experimental runs and
response values of mixture dyeing by box-behnken design

Run Process variables Responses

o X X Y, Y Y; Y. Ys
1 90 5 3.74 0.47 3.94 5.45 4.09
2 90 10 1.80 0.03 2.84 3.36 4.16
3 90 15 0.66 0.22 3.20 3.27 4.02
4 80 5 3.24 1.61 4.22 5.56 3.72
5 80 10 1.27 1.17 3.25 3.68 4.37
6 80 15 0.33 0.20 3.33 3.35 4.32
7 70 5 3.92 1.58 1.69 4.55 2.57
8 70 10 2.78 0.64 0.44 2.89 2.96
9 70 15 0.83 0.52 0.39 1.05 3.29

X;: Persimmon dye conc. (%, o.w.f), X,: color developing time (mim), Y;: ALYy Yo 2da'yy Y3
Ab*m ,Y4I AEH}),/() ,Y5: Flex stiffness
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A
N 7HE =2 AFEE JEWlem <Table 18>c14 9} o] ANOVAE F33}4]
S o), A4 23 F-value: 26.08% #=9kal, p-value:= 00112 @& Ax 3t

2 ol folgol Yokm AusL

Table 17. Regression coefficients and significance for AL,

Factor Coefficient SE coefficient T-value
Constant 1.500 0.253 593"
X, -0.222 0.138 -1.60

X, -1.513 0.138 -10.93"
X, 0.675 0.240 2.81
X5’ 0.170 0.240 0.71
XX, 0.002 0.170 0.01

Tp<.05
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Table 18. Results of ANOVA for AL",

DF Adj SS Adj MS F-value

Source

26.08"

3.0010

15.0050

Regression

60.98

7.0179

14.0359

Linear

2.56

0.2948

0.2948

X

119.40"

13.7411

13.7411

X,

4.21

0.4845

0.9690

Square

7.92

09112

0.9112

X2

0.50

0.0578

0.0578

X2

2-way interaction

XiXs

0.1151

0.3452

Pure error

15.3502

Total

p<.05
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a) Contour plot of AL* vs X2-Color developing time, X1-Persimmon
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b) Surface Plot of AL* vs X2-Color developing time, X1-Persimmon
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Fig. 12. Response contour plot and surface plot for AL’,, indicating
the effects of the mutual interactions on concentration of
persimmon (X;) and color developing time(X;) on AL",: a)
contour plots b) surface plots
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Table 19. Optimization graph of response surface for AL,

Optimal X;-Persimmon conc. X,-Color developing time

High 90 15

Cur 81 15

Low 70 5.0

\\7
\\\\

AL AN
y=0.1389 \
d=1.0000

. N
~, ~ ) N\ \\
- = ,/’/ N
(2) Aa™p

<Fig. 13(h)>ell A o=t} w53 dAke] Abdd
ME oA s HA dormz oAyt FRAANS wHsle] MEd 2y
o] AHeLE & 4 grh <Fig. 13(c)>9] d2EIHNNE F ¥ JuHE 3
A ke AatEzeta Slskrlols FEsklo, <Fig. 13(d)>¢]

A g Auu 204 ol F7143 e AAQF siEo] yEhA ok
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Table 20. Regression coefficients and significance for Aa’),

Factor Coefficient SE Coefficient T-value
Constant 0.891 0.261 3.417
X -0.337 0.143 -2.35
X, -0.453 0.143 317
X -0.417 0.248 -1.68
X, 0.153 0.248 0.62
XiXs 0.202 0.175 1.16
'p<.05
Table 21. Results of ANOVA for Aa’),
Source DF Adj SS Adj MS F-value
Regression 5 24714 0.4943 4.03
Linear 2 1.9131 0.9566 7.80
X 1 0.6801 0.6800 5.54
X, 1 1.2331 1.2331 10.05°
Square 2 0.3942 0.1971 1.61
X2 1 0.3472 0.3472 2.83
X,? 1 0.0470 0.0470 0.38
2-way interaction 1 0.1640 0.1640 1.34
X1 Xs 1 0.1640 0.1640 1.34
Pure error 3 0.3680 0.122
Total 8 2.8394

Tp<.05
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a) Contour plot of Aa* vs X2-Color developing time, X1-Persimmon
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Fig. 14. Response contour plot and surface plot for A", indicating
the effects of the mutual interactions on concentration of
persimmon(X;) and color developing time(X;) on Aa’,: a)
contour plots b) surface plots
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Table 22. Optimization graph of response surface for Aa’;

Optimal X;-Persimmon conc. X,-Color developing time
High 90 15
Cur 90 14
Low 70 5.0
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Table 23. Regression coefficients and significance for Ab"),

Factor Coefficient SE Coefficient T-value
Constant 3.1878 0.0608 52417
X 1.2433 0.0333 37.32"
Xs -0.4883 0.0333 -14.66"
X2 -1.5167 0.0577 -26.28"
X,? 0.6183 0.0577 10.72"
XX, 0.14 0.0408 343
'p<.05
Table 24. Results of ANOVA for Ab"),
Source DF Adj SS Adj MS F-value
Regression 5 16.1497 3.22994 485.03"
Linear 2 10.7061 5.35304 803.85"
X 1 9.2753 9.27527 1392.84"
Xs 1 1.4308 1.43082 214.86"
Square 2 5.3652 2.68261 402.84"
X, 1 4.6006 4.60056 690.85"
X,? 1 0.7647 0.76467 114.83"
2-way interaction 1 0.0784 0.0784 11.77"
XX, 1 0.0784 0.0784 11.77'
Pure error 3 0.02 0.00666
Total 8 16.1697
Tp<.05
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(X1) and color developing time(X;) on Ab ;,: a) contour plots
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Table 25. Optimization graph of response surface for Ab",

Optimal X;-Persimmon conc. X,-Color developing time
High 90 15
Cur 70 12
Low 70 5.0
/___,/’/ - B “~ \\
Ab"y /
y=0.2682 7 |
d=1.0000
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Fig. 17. The residual plots for a) normal probability plot, b) versus fits, c)
histogram, d) versus order for AE,
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Table 26. Regression coefficients and significance for AE,,

Factor Coefficient SE Coefficient T-value
Constant 3.821 0.325 11.77°
X 0.600 0.178 3.37
X, -1.341 0.178 -7.39"
X -0.767 0.308 -2.49
Xy 0.564 0.308 1.83
X1 Xs 0.330 0.218 1.51
p<.05
Table 27. Results of ANOVA for AE,
Source DF Adj SS Adj MS F-value
Regression 5 14.7587 2.9517 15.55"
Linear 2 12.5109 6.2555 32.95
X 1 2.1570 2.1570 11.36"
X, 1 10.3539 10.3539 54.54"
Square 2 1.8124 0.9062 4.77
X 1 1.1755 1.1755 6.19
X,? 1 0.6369 0.6369 3.35
2-way interaction 1 0.4353 0.4353 2.29
XiXs 1 0.4353 0.4353 2.29
Pure error 3 0.5695 0.1898
Total 8 15.3282
'p<.05
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X,-Color developing time

X;-Persimmon conc.

Optimal

15

90

High

15

70

Cur

70

Low

AEab,Io

y=1.3754
d=0.92870

B) FI=

olo] <Table

=

Jeh)

WS

16> Yepd o, 2.57~4.37%k<]

<Fig. 19>¢] A A|

Avhe

S|
ax

A

ki3

o

1

o
#5 ate

.
a

g

A%

4ol

.
a—

A

701—

9]
Ptk <Fig. 19(a)>ell A

5|

SR

’

al

hya
ar

_86_



of Bxgoe wl AFEXE YElW o Ao AHTAHS T on
<Fig. 19(b)>oll A d=g3 T3 2] AH =S Ay Ew +0.150 W
e oA digelA #HA ermw oxrt TEAMS TSt <Fig.

19(c)>9] sl2EafloX = & g Feol 7HgA FHska 3ol AEEE R

g

A
ot

Aoz ddd 4 glon <Fig. 19(d)>9] e T™HAA dHEE +0.15
1ol =713 22 A sido] e Xshal gk

°
N
i

N

Percent
\
Residual
8
.
.

L 15
Residual Fitted value
©) . d)
s
il =
H -
g 1.0 E

015

a0
yd
005 \ /
000
005 /
<15 10 005 000 005 010 7 s

0 B
Residual Observation order

Fig. 19. The residual plots for a) normal probability plot, b) versus fits, c)
histogram, d) versus order for flex stiffness

) -
e RHEEA e T texdIAReR Sl A ofet 22 3]



§9 =5 YEtoen <Table 30>¢ #Z°] ANOVAE Fdss o, 4 29
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Table 29. Regression coefficients and significance for flex stiffness

Factor Coefficient SE Coefficient T-value
Constant 4.2450 0.110 38.73"
X 0.5759 0.060 9.59"
X, 0.2075 0.060 3.46
X,? -0.6210 0.104 -5.97"
X, -0.1650 0.104 -1.58
XX -0.1988 0.0735 -2.70
'p<.05
Table 30. Results of ANOVA for flex stiffness
Source DF Adj SS Adj MS F-value
Regression 5 3.23218 0.64644 29.89"
Linear 2 2.24843 1.12422 51.98"
X 1 1.99019 1.99019 92.02"
X, 1 0.25824 0.25824 11.94"
Square 2 0.8257 0.41285 19.09"
X’ 1 0.77157 0.77157 35.68"
X;? 1 0.05413 0.05413 2.50
2-way interaction 1 0.15805 0.15805 7.31
XX 1 0.15805 0.15805 7.31
Pure error 3 0.06488 0.02163
Total 8 3.29706
Tp<.05
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1.0508, Aa' & 0.3086, Ab' e 04178, AE., & 1.3754, 7%=+ 3.29000] 4
EA RESA O] FAA R =EHQAY oju b wkg W il Axjel] i A9

4 dve AL 079921, Aa > 082366, Ab e 0.99275, AE,, .~ 0.92870, 7%

o

A= 0600392 WERRT o] wEle] A A2 8172% R HxAdTE 99

2=

Hae] HA ek e Raeo FAE <Table 34> o] A2l

%0,
=

Table 32. Lower limit and upper limit of responses for dyeing with mixtures
of persimmon and garden balsam extract

CIE Flex
Response factors . . . )
AL Aa Ab 4y AEab,M stiffness
Coal Minimize  Minimize Minimize Minimize Minimize
Lower limit - - - - -
Upper limit 3.92 1.61 422 5.56 4.37
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Table 33. Response surface optimization of mixtures of persimmon and

garden balsam extract

Optimal X;-Persimmon conc.

X,-Color developing time

High 90

Cur 70

Low 70

Composite desirability
0.8172

ALY,
Maximum
y=1.0508

d=0.79921 [ '\ )
—4-"/

*
Aa

Maximum

y=0.3086
~
d=0.82366 i ol

pr—

Ab'y, /\
Maximum
y=0.4178

d=0.99275

AEab,lﬂ

Maximum ——

y=1.3754
d=0.92870
b—

Flex stiffness
Maximum

y=3.2900
d=0.60039
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Table 34. Numerical optimization of factors

Level/goal Numerical
Factors L
Low limits  Center points  High limits optimization
Xi-Persimmon 70 80 90 70
Xx-Color 5 10 15 15
developing time
Y, Minimize 1.0508
Y, Minimize 0.3086
Y; Minimize 0.4178
Y4 Minimize 1.3754
Ys Minimize 3.2900
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Table 35. Dyeing fastness properties of cotton fabric dyed with mixture of
persimmon and garden balsam

Dyeing fastness properties Grade

Color change 3-4
Acidic Cotton 4-5

Stain
Wool 4-5

Perspiration

Color change 3-4
Alkaline Cotton 4-5

Stain
Wool 4-5
Dry 4

Rubbing
Wet 3
Light fastness Color change 1
Color change 3
Acetate 4-5
Cotton 4-5
Hand washing
Polyamide 4-5
laundry Stain

Polyester 4-5
Acrylic 4-5
Wool 4-5
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Fig. 24. Sun protection properties of cotton fabric depending on dye types
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Table 36. Antimicrobial activity of cotton fabric dyed with mixture of persimmon
and garden balsam

Bacterial reduction rate (%)

Specimen
Staphylococcus aureus Klebsiella pneumoniae
Control - -
Dyed with
) 99.9 94.7
mixtures
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1) 3-8 2A5F4d ME EEG A3 54

3-uiA A5Ee W& EEG Alse] Zuha 3 el Zpol7F A=AE 45
7] flste] ddu A BAHEA I ALEH A o 2 Scheffe’s tests AAIg 235 o)
AHZ o] <Table 37>, <Table 38>, <Table 39>, <Table 40>, <Table
41>0 YdEp A =9 Gupgfol Al -] 2t5Eo] ©E EEG A5 o] oA
deFell zto]i= <Table 37>% Zrh WiAkz7] AejoA BAste] 7|2 o=
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Table 37. One-way ANOVA results for differences of EEG signal at slow alpha
among 3-color combination stimuli

EEG Channel Cl1 C2 C3 C4 C5 C6 F-value p-value
Fpl -0.08 -0.18 -0.13  -0.05 -0.08 -0.11 0.137 0.983
Fp2 -0.10  -0.16  -0.14  -0.07  -0.11 -0.06 0.096 0.993
F3 -0.38  -039 -034 -035 -0.16 -0.31 0.634 0.674
F4 -0.33  -037 -037 -035 -0.16 -0.32 0.532 0.752
P3 -042 -040 -0.50 -0.38  -0.08 -0.26 1.983 0.083
P4 -0.36 -0.31 -042  -029 -0.19 -0.26 0.490 0.784
01 -0.30  -0.31 -0.25 -0.38  -0.02 0.00 1.856 0.104
02 -0.23  -030 -0.34 -027 -0.12  -0.08 0.767 0.575
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@ A3 <Table 38>3 @tk 714 ol¢k AElelx Fz WAs: Subse] 4
g4 EABe md dnsoAel 2ol 3 ATE WE fold AoE w
oA etk ey =9 LubstelA sl MAbAR B2 AT &
C5% C62 ATHAL Wol dsivte] FjH E@Fol FAM2 WA(CL, C2)3
FAAE WA T(C3, CONART B B wgom, A% FEpl, Fp2el
Aol guid %ol thE EEG Al Juid @Fuch ¥ A vheh)

e

Table 38. One-way ANOVA results for differences of EEG signal at alpha among
3-color combination stimuli

EEG Channel Cl C2 C3 C4 C5 Cé6 F-value p-value
Fpl -0.12 -0.22 -0.14 -0.07 -0.11 -0.14 0.175 0.972
Fp2 -0.10 -0.15 -0.13 -0.09 -0.11 -0.06 0.063 0.997
F3 -0.40 -0.40 -0.38 -0.38 -0.19 -0.32 0.624 0.682
F4 -0.30 -0.32 -0.37 -0.31 -0.14 -0.30 0.483 0.789
P3 -0.42 -0.43 -0.59 -0.40 -0.14 -0.26 2.268 0.050
P4 -0.30 -0.23 -0.41 -0.26 -0.19 -0.22 0.492 0.782
(0] -0.30 -0.34 -0.32 -0.36 -0.10 -0.06 1.334 0.252
02 -0.15 -0.33 -0.36 -0.33 -0.10 -0.08 1.133 0.344

we obusiolA 3 AFEel W EEG A0 4vld s Aolg

=A% Ayb= <Table 39>9 2t AAHT e F= T weE It

Sl M 3w ATE] BhE FoIF AHolE molA gk L FAME
HAILCE, COM W dutstel Joid EFAFo]l FANZ HA(CL 3 F
Az WA T(C3, CONART BE} Be 4

s 4B s FA9 $HP TN H E@Fol T EEG A
ol MRt} B Ade vehhglth

rlo
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Table 39. One-way ANOVA results for differences of EEG signal at fast alpha
among 3-color combination stimuli

EEG Channel Cl C2 C3 C4 Cs C6 F-value p-value

Fpl -0.19 -0.23 -0.16 -0.17 -0.15 -0.10 0.138 0.983

Fp2 -0.17 -0.10 -0.12 -0.16 -0.17 -0.07 0.132 0.985

F3 -0.27 -0.29 -0.29 -0.25 -020  -0.13 0.313 0.905

F4 -0.28 -0.24 -0.30 -0.25 -0.13 -0.23 0.291 0.917

P3 -0.27 -0.40 -0.46 -0.28 -0.11 -0.21 1.295 0.268

P4 -0.09 -0.16 -0.29 -0.17 -0.11 -0.11 0.369 0.870

01 -0.22 -0.35 -0.27 -0.24 -0.04  -0.05 1.120 0.352

02 -0.19 -0.30 -0.27 -0.31 0.02 -0.04 1.408 0.224
S HlERgtel A 3-m A A5Eol] wE EEG A2 e ZdiA d el Aols
B Avs <Table 40>9) AASAL FALF el F2 dgste o
o WEsE 3-ua 2R me fod Aol molx gy te el
PR7EA = S 2 A TI(CS, CO)OlA shE HEtake] i Ed ol uE

Mzo) wAgHANNG e AFe uglon o4H Am s5S B
A% 2 (F)e] F-9ol4 thE EEG AdolARt we wetste] o4
Aol o =& AT e

N
e
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Table 40. One-way ANOVA results for differences of EEG signal at low beta
among 3-color combination stimuli

EEG Channel Cl C2 C3 C4 Cs Cé6 F-value p-value
Fpl -0.13  -0.12  -0.10 -020 -0.04 -0.11 0.187 0.967
Fp2 -0.20  -0.06 -0.17 -027 -0.10 -0.10 0.421 0.834
F3 -0.01 -0.07 0.12 -0.01 0.07 0.06 0.320 0.901
F4 -0.14  -0.19 -0.14 -024  -0.01 -0.17 0.440 0.820
P3 -0.09 -0.13  -022  -0.15 0.10 -0.04 0.901 0.482
P4 -0.12  -0.09 -0.16 -0.19  -0.05 0.02 0.453 0.811
01 -0.11 -0.07  -020  -0.12 0.16 0.11 1.734 0.129
02 -0.07 -0.16  -0.17  -0.21 0.05 0.05 0.943 0.454

W el oo A 3-uj A 2} wE EEG A5o Az FdH Aol &
§F A3 <Table 41>° AAIIATH 24 Y5 FejolAa] F2 L= W)
o A& 3-uj A A=Fo wWE Ffolg xfolE Holx| gkokrh. 1y FAHA
w A TI(C5, CO)olA C59] wetate] s o] the vy Algolxrtt =
S AFgE Holow, At ARE BAMEE FFA01, 02)9 FHdA e

EEG AdoM Bt vletste] o4 o] ¥ =2 &S el

QR
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Table 41. One-way ANOVA results for differences of EEG signal at beta among
3-color combination stimuli

EEG Channel Cl C2 C3 C4 Cs Cé6 F-value p-value
Fpl -0.55 -0.60 -0.54 -042 -041 -0.51 0.662 0.653
Fp2 -0.61 -048  -0.61 -042 -045 052 0.755 0.583
F3 -026  -029 -028 -0.13  -0.11 -0.29 0.560 0.731
F4 -0.31 -035  -041 -0.20 -0.18  -0.42 1.000 0.419
P3 -0.12  -024 -029 -029 -0.07 -0.17 0.633 0.675
P4 -0.18  -030 -032 026 -020 -0.22 0.247 0.941
01 0.05 -0.07  -0.12  -0.11 0.19 0.15 1.385 0.232
02 0.03 -0.20  -0.09  -0.07 0.05 0.04 0.723 0.607

o]y} o] 3-ujAl A=FEo| wElr EEG A& A Ed e 2ozt 3l
=AE HES A3 duyl g 9(slow alpha, alpha, fast alpha)@} ®WEF o<
(low beta, beta)oll A =& HF-HZ 3-u]4 =& wpz} EEG A& A
S Fols o Aolzh yEhubA @t ey S s I &ehe
C59t Co& Algatsls wol o ¢dutst 9 weta o)A, th& 3-ujA
AFES AFedS WEg, EEG 2159 Atz 8 %] thia
Efjo] A, vl A el ©E EEG Al&e] xols FAHoR F4
= AAFSRATH
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o
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Table 42. One-way ANOVA results for differences of EEG signal at slow alpha
depending on color combination types

. Medium Medium
EEG Channel Identical difference I difference 1 F-value p-value

-0.13 -0.09 -0.10

Fpl A A A 0.066 0.936
Fp2 'O/': 3 'OAl ! '0£ ? 0.057 0.944
F3 -01.3 8 'Oj 5 '0153 1.110 0.332
F4 'Oj 5 'Oj 6 'Oj“ 0.740 0.479
P3 'Zgl '0j4 '0]'317 3.900 0.022"
P4 'O/f 3 'Oj 6 -0153 0.767 0.466
01 '0: 0 'Oj 2 '0]'301 4.390 0.014"
02 '01'5‘6 'Oj 0 '020 1.734 0.179

Tp<.05. A and B mean Scheffe's multiple comparison test's results

ufuol A 3-uj A AFE WA fde] wE EEG AEe AF EdH
AFols HAS APE <Table 43>3 o) 117 o] ¢k o] Roly Lyto
A EdEEFe = dugiel o] T FHH(P3), FFH] FHH(ODAA
w58 Zhell freojgk AolE etk AFSHAE Ay Aa of T Mx )

g9l FAME WAL Bn de Az el F4ax N IRG 2 gL

A

A A=) WAy S4oletn Feld 4 Qow], soft 4xe] EFAM AR}

m
=
2
-
Ho
o
=3
=
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IAR/A A EFAA AR g A

W ATl A QbR e o] utute] Aoy EdFol ¥ AdskdEE v gtk
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Table 43. One-way ANOVA results for differences of EEG signal at alpha
depending on color combination types

Medium Medium

EEG Channel Identical difference I difference IT F-value p-value
Fpl '01':7 'OAH '0132 0.167 0.846
Fp2 'OAIZ 'OAH '0£ ? 0.046 0.955
F3 '0: 0 'Oj 8 'Ofs 1.193 0.306
F4 'Ojl '0:4 'sz 0.672 0.512
P3 '(1:4]33 ’OAS 0 '0}'320 4.509 0.012"
P4 '056 'Oj 4 'Ojl 0.668 0.514
o1 '&%2 'Oj 4 '0}'308 3.299 0.039"
02 '01'34 '0: > '0£ ? 2.275 0.106

Tp<.05. A and B mean Scheffe's multiple comparison test's results

e dasol A 3w ASEe] wAgPel e EEG Az 4vd #d
gl AolE AAT ATHE <Table 44> Lk JAYF Fejol A molt e
Satstel Aod FAFS FEA $HODAN HAKY 2ol

o]
o
Sehiglth AEAE AT, soft Axe] EHPA A dull Azxe] % A4 A

=

MARRRT Ee g FEe ey
2

gol w2 <kupulo] A EdFe] ¢
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Table 44. One-way ANOVA results for differences of EEG signal at fast alpha
depending on color combination types

. Medium Medium
EEG Channel Identical difference I difference II F-value p-value
-0.21 -0.16 -0.13
Fpl 0.256 0.774
A A A
-0.13 -0.14 -0.12
Fp2 0.013 0.987
A A A
-0.28 -0.27 -0.17
F3 0.640 0.528
A A A
-0.26 -0.28 -0.18
F4 0.430 0.651
A A A
-0.33 -0.37 -0.16
P3 2.035 0.134
A A A
-0.13 -0.23 -0.11
P4 0.605 0.547
A A A
-0.28 -0.25 -0.05
o1 2.490 0.086
A A A
-0.24 -0.29 -0.01 +
02 3.265 0.041
A A B

fp<.05. A and B mean Scheffe's multiple comparison test's results

HE
rlo

kst A 9] 3w 4 A Ee] A fHe] e EEG AEe] Aud &
Aol Aolg WA Ak <Table 4553 2o} 2% Aol A Holx W

& WE e Fdd FdFS A AR 24 988 gt 5P #3H(0D
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Table 45. One-way ANOVA results for differences of EEG signal at low beta
depending on color combination types

Medium Medium

EEG Channel Identical difference I difference II F-value p-value
Fpl '01':2 '025 -02)8 0.186 0.831
Fp2 '0;3 'sz '0[':0 0.504 0.605
F3 _0£ 4 0‘:6 0‘26 0.452 0.637
F4 '01'\17 '01':9 'Olf ? 0.403 0.669
P3 'OAI ! '0[:9 023 1.778 0.172
P4 'OAIO '028 '0£ ! 1.045 0.354
ol '&%9 'OAI 6 0'1;4 418 0.017"
02 'OAI ! -029 025 2.200 0.114

Tp<.05. A and B mean Scheffe's multiple comparison test's results

WE ol A 30 AFEe] wAGHe] We BEG 459 Aud &8

AolE AAT A3 <Table 46>3 2th o248 G5 Fejol A woli= ule}s)

o Aud 2@ A ARE BARE FEGY AHODAN WAKF 3
!

s, A3 oF Mzst )

¢

=
rob

FAAZ WAL} B ge Axsh WA FANE 96 we 3

& o
=dFS HEtdo], Sxx s Il A oA s AdEelA ey et

2
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Table 46. One-way ANOVA results for differences of EEG signal at beta
depending on color combination types

EEG Channel Identical di?éi:ﬂlrgl difﬁi:;irgﬂ F-value p-value
Fpl '057 '0['\48 '0:6 0.865 0.423
Fp2 '0/'55 -oiz '0:9 0211 0.810
F3 _oAzs 'Olfl _o[fo 0.299 0.742
F4 -0[.3 3 '0: 0 '0: 0 0.067 0.935
P3 '0[':8 -01.39 'OAIZ 1.158 0.317
P4 -0154 -01.39 'Ojfl 0.269 0.765
o1 -(/1.](;1 'OAH 0'1;7 3.187 0.044"
02 '0£ 8 '02)8 024 0.796 0.453

Tp<.05. A and B mean Scheffe's multiple comparison test's results

ol zEo] 3-mjA A= wiAlFo] webA EEG A5 AiF Edw
of ztol7b A=AE AT A, HA AElolA Hols =¥ duiuiel ¢duutd
9o FHODA wAFE ol 79

At 2ol FORT AEielA Kol w2 wEtuket v g
of A EdFS A ARE EAee FFHe AHODAA wiAFE gh
o Folgt o5 BTt FAHo R Ldutyt 9 (slow alpha, alpha)¥} = E}s}
e (low beta, beta)ell A Far o] F& Mxol w4 Fx4x w4 I7F B
B Aot v Sz s ] HY =S AdA FdFS UYERY, $AF

o

Mz WA I 7F EEG A2l o3 A4 34de o fodva & 5 it
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(2) MAAAH 7} EEG X359 v 9F

-l A 2p=Eo] wjA WAno] wE EEG Az o AthE Ed e Aoz Q)
=AE B457] Yt SHEE t-testE A3 A} <Table 47>, <Table
48>, <Table 49>, <Table 50>, <Table 51>3} 2t} =& sjujoa] 3-vj
280 wj A WAuo] wE EEG 2159 FthE & Fo| xo]E <Table 47>
71 el Hol: =¥ dujubi= A WHn e BE EEG 4%
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Table 47. t-test results for differences of EEG signal at slow alpha depending on
color area ratios

Mean
EEG Channel P Ao t-value p-value
Fpl -0.10 -0.12 0.209 0.835
Fp2 -0.12 -0.10 -0.205 0.838
F3 -0.29 -0.35 0.611 0.542
F4 -0.29 -0.35 0.642 0.522
P3 -0.33 -0.35 0.147 0.883
P4 -0.32 -0.29 -0.377 0.707
01 -0.19 -0.23 0.417 0.677
02 -0.23 -0.21 -0.130 0.897

ostshol A 3-ul 4 ge] WA WAl wE EEG Ao Aid @

o Abeli <Table 48>3} @th Q4 Aol meli vpupi =gl okl g

of Wi WAusl WE BEG A% 3ul AW fol@ AelE UehyA
e

rski, 2229 4119 WA WM EEG A& 4UH FAFol S AP
& etk dotste] AulE E@LF 30 AFEe] vy WHuo] ge
QP WA BLe % F AT
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Table 48. t-test results for differences of EEG signal at alpha depending on color

area ratios
EEG Channel Mean t-value p-value
2:2:2 4:1:1
Fpl -0.12 -0.14 0.218 0.827
Fp2 -0.11 -0.10 -0.151 0.88
F3 -0.32 -0.36 0.500 0.617
F4 -0.27 -0.31 0.457 0.648
P3 -0.39 -0.36 -0.284 0.777
P4 -0.30 -0.24 -0.677 0.500
01 -0.24 -0.25 0.182 0.856
02 -0.20 -0.25 0.462 0.645

whe ool A 3-ul4) 4FEe] w4 WM wE EEG AE9) 4uH &
dgo] Aol <Table 49>9 2. WME Avsii @ v, dnviel 2ol
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Table 49. t-test results for differences

color area ratios

of EEG signal at fast alpha depending on

Mean
EEG Channel 59 411 t-value p-value
Fpl -0.17 -0.17 -0.018 0.986
Fp2 -0.15 -0.11 -0.467 0.641
F3 -0.25 -0.22 -0.332 0.740
F4 -0.24 -0.24 0.009 0.993
P3 -0.28 -0.30 0.214 0.831
P4 -0.16 -0.15 -0.141 0.888
01 -0.18 -0.21 0.398 0.691
02 -0.15 -0.21 0.711 0.478

o wE Tl A 3-uj A A E

S
& afol] zFo]i= <Table 50> 2t} =%
A A u e} BE EEG Ao Ay &3
ATl #=(F3)ol A EEG A% Ah
Bl ot wj A WA o) wE Aol
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Table 50. t-test results for differences of EEG signal
color area ratios

at low beta depending on

of Aol <Table 51> 2t} o444 &% o] mol: wlels}
shep o] wlA WAN S RE EEG A6 Aud A% fod s

Mean

EEG Channel oy A1 t-value p-value
Fpl -0.09 -0.14 0.567 0.572
Fp2 -0.16 -0.14 -0.165 0.869
F3 0.06 0.00 0.649 0.517
F4 -0.10 -0.20 1.108 0.269
P3 -0.07 -0.11 0.376 0.707
P4 -0.11 -0.09 -0.227 0.821
01 -0.05 -0.03 -0.232 0.817
02 -0.06 -0.11 0.491 0.624
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Table 51. t-test results for differences of EEG signal at beta depending on color

area ratios
Mean
EEG Channel B e t-value p-value
Fpl -0.50 -0.51 0.182 0.856
Fp2 -0.56 -0.48 -1.079 0.282
F3 -0.22 -0.24 0.176 0.861
F4 -0.30 -0.32 0.263 0.793
P3 -0.16 -0.23 0.764 0.446
P4 -0.24 -0.26 0.260 0.795
01 0.04 -0.01 0.520 0.604
02 0.00 -0.07 0.750 0.454

olef 3-ujA A=Eo] wjA WAH|d w2 EEG A& AUy Fd e 2o
Ay dububt) Y (slow alpha, alpha, fast alpha)¥} | E}3}

o (low beta, beta) =% vjA WA B9} RE EEG A5 Az &3 3

off

7F SleAE A

=2

¢
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Table 52. Correlation coefficients between EEG

color combination variables

signal at slow alpha and physical

EEG * * * * * * * *
2L 2 2b 2C 2L 0p 2la p b 0p 2.C 0p
channel
Fpl 0.010 0.007 0.015 -0.019 -0.004 -0.016 -0.015 -0.004
Fp2 -0.007  -0.010  -0.002  -0.003  -0.009  0.014  0.014  0.008
F3 -0.064  -0.075  -0.045 0.026  -0.079  -0.053  -0.054  0.026
F4 0.072  -0.078  -0.060 0.046  -0.093  -0.056 -0.060  0.053
P3 -0.165"  -0.179" -0.139  0.108  -0.188" -0.029  -0.039  0.125
P4 -0.079  -0.084  -0.068 0.055  -0.091  0.019  0.014  0.071
01 0.169° -0.184" -0.140  0.107  -0.148" -0.046 -0.051  0.082
02 -0.119  -0.127  -0.103  0.084  -0.116  -0.002  -0.009  0.090
"p<.05
&l) 004 R2=0.594 b) 00+ R2=0.659
o2 -ul-‘ = -0.1 * o
g g
é o) . § *'7 o
o : 04 a7
cl ®
05 C3e - (‘
h h h P - - - 650 700 27;:) 500 850 900
c) o B R2=0.566 d) oo ,Cs ® 6 R2=0.433
g'“‘ \8’:“
& 03] :02 & 03 e Cl . 2
- .1,‘4
04 4 ik
160 180 &, 200 220 650 700 ;Isjp S00 850 900

Fig.
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Table 53. Correlation coefficients between EEG signal at alpha and physical color
combination variables

EEG * * * * * * * *
channe] ZL 10 Za 10 Zb 10 ZC 10 ZL 0p Za 10p Zb 10p ZC 10p
Fpl 0.018 0.013 0.025 -0.031  0.003 -0.016 -0.014 -0.016
Fp2 -0.009 -0.011  -0.005 0.001  -0.009 0.010 0.010  0.007
F3 -0.074 -0.084  -0.056 0.036  -0.087 -0.046 -0.048  0.037
F4 -0.076 0.080  -0.066 0.054  -0.096 -0.043 -0.048  0.063
P3 -0.194"7 02057 -0.170"  0.141  -0.215""  0.000  -0.013  0.167"
P4 -0.086 -0.087  -0.082 0.075  -0.094  0.041  0.033  0.093
01 -0.151" -0.164"  -0.126  0.097  -0.137  -0.027 -0.033  0.086
02 -0.151" 0.156" -0.139  0.122  -0.151"  -0.048 -0.058  0.124
"p<.05, "p<.01
2) = s RI=0.688 b) " R¥=0.754
g g ° 6
é <034 C6 % -034
? 04 c2 c4 %m— Cl ey 4
% Lo % . o
-40 35 -30 Za 25 0 BB 600 850 700 rjzlp 800 850 900
¢) o Ri=0.722 d) oo R=0.767

Relative power value (02)
8 &
T

]
i

04+

Relative power value (O2)

T
160

Fig. 26. Relationship between EEG signal at alpha

IL

combination variables
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Table 54.

Correlation coefficients between EEG signal at fast alpha and physical
color combination variables

EEG * * * £ * * * *
2L 1 2a 2b 19 2C 2L 10p 2a 0p b 0p 2C 0P
channel
Fpl -0.015 -0.021 -0.005 -0.005 -0.010 0.000 0.001 -0.005
Fp2 -0.011 -0.012 -0.010 0.008 0.009 0.035 0.035 -0.003
F3 -0.057 -0.064 -0.044 0.030 -0.049 0.020 0.017 0.033
F4 -0.059 -0.063 -0.051 0.041 -0.070 -0.007 -0.011 0.047
P3 -0.126 -0.135 -0.108 0.086 -0.1537  -0.030 -0.040 0.115
P4 -0.081 -0.078 -0.082 0.081 -0.089 0.003 -0.006 0.095
01 -0.110 -0.124 -0.085 0.057 -0.115 -0.041 -0.045 0.063
02 -0.158"  -0.170"  -0.136  0.109  -0.159" -0.068 -0.075  0.101
"p<.05
a0 ) R=0.740
Ko
004
P a o (0
& ¢
] e
$ " :
~ -1 1 .
(%) ¢ oo
& 04 . o & cg.
€ - W02 -
63
«0.54
600 650 0 70 50 550 50 40 a5 30 25 20 15
ILp La

Fig. 27. Relationship between EEG signal at fast alpha and physical color
combination variables
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Table 55. Correlation coefficients between EEG signal at low beta and physical
color combination variables

EEG * * * * * * * *
2L 2a 2b 19 2C 2L 0P 2a 0p b 0p 2C 0P
channel
Fpl -0.043 -0.045 -0.039 0.034 -0.04 -0.046 -0.047 0.018
Fp2 -0.075 -0.074 -0.075 0.072 -0.055 0.007 0.003 0.048
F3 0.010 0.002 0.024 -0.036 0.017 -0.047 -0.042 -0.051
F4 -0.059 -0.063 -0.052 0.043 -0.069 -0.088 -0.090 0.030
P3 -0.130 -0.136 -0.118 0.101 -0.147"  -0.042 -0.051 0.110
P4 -0.104 -0.107 -0.097 0.087 -0.087 0.009 0.002 0.075
01 -0.188"  -0.198""  -0.165'  0.137  -0.187" -0.001  -0.012  0.140
02 -0.143 -0.150"  -0.129 0.111 -0.137 -0.049 -0.057 0.101
"p<.05," p<.01
a) o o R2=0.741 b) o 58 R=0.827
o5 - o 0
g 0.1 § 0.1
§ 00 g 00
g e é 2,
E o1 o€l 4 E 4 * o,
160 180 - 200 220 b h S h
o - weoms | B o R3=0.849
R cs. .
- o C6 _
§ 0.1 § oo
T > il
E 00 E 3
é €2, é
E 01 (n. o § o C2 .03
c3 - c4®
600 650 700 Ev:up 500 §50 900 50 35 30 . 0 1s

Fig. 28. Relationship between EEG signal at low beta and physical color
combination variables

124 -



MEfsbell A 3-w) A AA=Eol EEG Alze] A S S wa Wl
o] AuAAE <Table 56> HERHRA AL, wlERste] FFHODI FHaA 7}
& 2 Qe BAE =4 8e dabe <Fig. 29>¢F 2tk e
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7 el gt ARAAAE dEdTh F5 9 S0 S w27
Say Ty TLpot T A AARAE YEddeh 5 F= (0D A
S o e B S B HAE =2l =24 Wi ARl BL7, Zak,
Shy L%, e BAE <Fig. 29(a)>, <Fig. 29(b)>, <Fig. 29(c)>, <Fig.
29(d)>ell AA AT FAAE AT Co= ZL'y Zay by XLy, #°]
7P wegko, FEFODAA HErate] AU 2dFS MY =& e 2

o o9bH SR w1 o] C32 LY Za, by L'y, w0l 7HE =ty
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Table 56. Correlation coefficients between EEG signal at beta and physical color
combination variables

chlj:afril VL Sa'i >b'1 SCh ZL*Iop Za*lop Zb*mp ZC*mp
Fpl 0.007  -0.005  0.026  -0.043 -0.024 -0.017 -0.014 -0.014
Fp2 20.016 -0.022  -0.007  -0.002 -0.036 0.075  0.073  0.030
F3 0.004  -0.003  0.015  -0.025 -0.032 -0.017 -0.016  0.004
F4 0.003  0.000  0.008  -0.013 -0.050 -0.024 -0.026  0.030
P3 -0.114  -0.113  -0.111  0.104 -0.126  -0.068 -0.077  0.104
P4 20.055  -0.055  -0.053  0.050 -0.066 -0.025 -0.030  0.061
01 0.175" -0.182"  0.160"  0.139 -0.178' -0.055 -0.066  0.138
02 20.070  -0.077  -0.057  0.042 -0.082 -0.063 -0.067  0.051
Tp<.05
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Table 57. KMO and bartlett test results for factor analysis of color emotion for
3-color combinations
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Table 58. Factor analysis results for color emotion of naturally dyed cotton
fabrics with 3-color combinations

Color emotion descriptors

Color emotion factors

Comfort Modernity Dignity
Clear 0.837 0.065 0.232
Bright 0.834 0.100 0.047
Subdued 0.833 -0.196 0.216
Soft 0.831 -0.285 0.139
Heavy -0.818 0.170 -0.041
Strong -0.805 0.345 -0.042
Deep -0.788 0.290 0.049
Cute 0.788 0.043 -0.031
Comfort 0.740 -0.339 0.228
Fragrant 0.677 0.009 0.277
Mild 0.633 -0.267 0.433
Natural 0.551 -0.467 0.257
Pleasant 0.448 0.443 -0.011
Urban -0.002 0.742 0.081
Sporty -0.198 0.742 -0.207
Fancy -0.276 0.699 -0.128
High-tech -0.190 0.680 0.002
Rustic 0.368 -0.642 0.300
Dynamic -0.425 0.590 -0.201
Modern 0.273 0.543 0.352
Elegant -0.159 -0.078 0.690
Chic 0.336 0.261 0.662
Practical 0.251 0.076 0.593
Conventional -0.020 -0.332 0.563
Gentle 0.062 -0.301 0.503
Rural 0.241 -0.445 0.477
Appeal 0.292 0.395 0.444
Eigen value 8.139 4.711 3.093
Variance (%) 30.144 17.446 11.456
Accumulative variance (%) 30.144 47.590 59.047
Cronbach's a 0.943 0.836 0.693

- 129 -



5

€39 A5 4 EobA
149, wep

3|

18 <Fig. 30>3 %t} <Fig.

R

o

=

A
2:2:2 A<l

=

=

A

9
Aol o

b
/\51—7

[ ¢ C33 C4o]aL, o] FollA HjAH|&

Al A= Ao=

o

el A %

0
Hmﬂ

p—

0

Y

Nl

ol

==
K3

°] C13

A
A

Wz uj

A
o

]

[e)

=
<)

1

o

A el A
Z WA 1o C3o] %<

=5

A

Pz Wl AT Coeh C6, F4

A

oy

SRUESR PB RN RN

o

o

A el

/\g’—r
Z WA 19 C3o19len, &

B

s

o
-

P
X

%3}
wjae) C22 hebel,

j=e}
=

]

A
&

344

Hlr o
— =

il

]

o

1 Q

o]& C3< #

ojn

B
xr
"o

El
o

A

®
il e

o=
m

ERR R

ps
4

20

Pgsk SEA e 7k 3-u)

RS

<Fig. 30(b)>

ol
iy

NI

=

ol
G0
i

j
-
AR

—_—

0

ol ¥

LFERH AT

=
T=

] 2=
=

I C30] %9
[ I R M2 )

=5

A

o
=

7 AN E Aow etk dex FAA% WA

S

A
et hg

&g

z wjae] C29F FAAZ W)
=z

FAAz WA T 9] C33 C4olQom, o] FollA €39
o] A C39]

o)
iy

—

~
o)
G

il

A

e

o}
ojn

=
-

|

o

S

A

ol C3e 744
4z WA C5 Co% 52

1z WA Cl12 uhebsbo,

[e)
21 )

3 B FAMZ AT C3IReH, w

A w A e C5, Co¥t 5

Nfo

- 130 -



E 9ol o)

el ddigelA

<Fig. 30(c)>+ 7L ‘duig’'~

o)

Ehp 2

U
FAME WIS C59F C6, FAME WA 19 C3

o] FolA FAME WIS C59 7

]
-

TH

pu—

[e)
e 3

’

S

3

o

&

L s o A o A

4]

102

oV

=

of FolA FAAZ w1 C39 7

WA 19 30 el HEE hehydch

o

A

ol

Z WA T o] C30]9

p—

o

X0

NE

)

C4

p—

i A E] S 41019

ur
=l

Art. whebA

o~
T

= A

H AT o) C3

o

|
_U

o
7!

oR
4
o
g
e
T
|

- 131 -



a)

Modernity

b)

Dignity

Diguity

0.60

0.40+

0.20

e 05

Co

C1

-0.20

-0.40-

-0.60

Cc2

C4

Comfort

15

0.154

0.104

0.054

-0.05+

-0.10

-0.15-

e CO6

Cle

e C4

D.15-

0.10-

0.05-

Comfort

C2

o C3

0.00

-0.05—

-0.10

-0.15+

Cc4

Fig. 30. Factor scores for naturally dyed cotton fabrics
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Table 59. One-way ANOVA results for differences of color emotion factor scores

depending on color combination types for all specimens

Color emotion

Medium

difference I

Medium

difference I

p-value

F-value

Identical

factor

-0.77

0.87

-0.10

0.000"""

74.587

Comfort

0.29

-0.14

-0.15

0.022"

3.897

Modernity

-0.03

0.05

-0.02

0.873

0.136

Dignity

p<.001. A, B, and C mean Scheffe's multiple comparison test‘s results
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p-value
0.000"""
0.112
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(R LRI

F-value
th 4’ (Modernity) ¥} 7+
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Table 60. One-way ANOVA results for differences of color emotion factor scores
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Table 61. One-way ANOVA results for differences of color emotion factor scores

depending on color combination types for specimens with color area

ratio of 4:1:1

Color emotion

Medium

difference I

Medium

difference I

F-value

Identical

p-value

factor

-0.64

0.65

-0.16

0.000"""

19.907

Comfort

0.07

-0.35

-0.35

0.171

1.802

Modernity

-0.05

-0.03

0.05

0.934

0.068

Dignity

p<-001. A and B mean Scheffe's multiple comparison test‘s results
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Table 62. t-test results for differences of color emotion factor scores depending on
color area ratios

Tone combination Color emotion Mean

types factor o e t-value p-value
Comfort 0.05 -0.05 0.729 0.467
Total Modernity 0.21 -0.21 2.885 0.004""
Dignity 0.01 -0.01 0.137 0.891
Comfort -0.03 -0.16 0.605 0.548
Identical Modernity 0.05 -0.35 1.580 0.120
Dignity -0.09 0.05 -0.595 0.554
Comfort 1.09 0.65 3.221 0.002"
Medium difference I Modernity 0.07 -0.35 1.938 0.058
Dignity 0.14 -0.03 0.659 0.512
Comfort -0.90 -0.64 -1.375 0.175
Medium difference I Modernity 0.51 0.07 1.601 0.115
Dignity -0.02 -0.05 0.110 0.913

p<01.
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Table 63. Pearson's correlation coefficients between physical color combination
variables and color emotion factors

Color
emotion ZL*IO Za*w Zb*m ZC*H; ZL*IQP Za*lop Eb*jop ZC*w_p
factor
Comfort 0.673" 0.676" 0.647" -0.599" 0.671""  0.008 0.059  -0.607"
Modernity  -0.152" -0.167" -0.122  0.089  -0.169" -0.225"" -0.228""  0.059
Dignity 0.038  0.037 0.039  -0.039  0.047  -0.006 -0.001 -0055
"p<.05,""p<.01
a) A R2=0.940 b) 159 R2=0.950
o3 ce
.C-l
0 0 Cl
.CZ
45 6
LG
IL » - La k
0) 15 =g | B 1o R:=0.746
C3
a3 L
o C4 o
S oo cl S il Cl
ok L07)
-0.54 2 C(‘ <0.54 CG .
ol L5 o o
b - ' IC

Fig. 32. Relationship between physical color combination variables and color

emotion factors
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Table 67. Correlation coefficients between EEG signal at low beta and color

emotion factors
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Table 69. Prediction models for color emotion factors

Color
emotion Equation R? F-value
factor
Y= 2.228+0.743-%a",+0.690-Slow alpha(P3)-1.429-Slow rr
Comfort 0.566  45.419
alpha(Fp2)+1.078-Fast alpha(Fp2)-0.618-Fast alpha(P4)
Y= 0.693+0.664-Slow alpha(P4)-0.007-b",-0.3920
Modernity pha(P4) , o 0.169 8921
Alpha(F4)+.351-1dentical
= -0.154+0.337-Fast alpha(P3)-0.443-Beta(Fp2)-0.313-Low
Dignity pha(P3) (Fp2) 0.140  7.150""
beta(Fp1)-0.253-Beta(F3)
p<.001
C3
R*=0.942

Predicted value

T T T T
-10 0.5 00 0.5

Experimental value

Fig. 33. Relationship between experimental values and
predicted values of factor scores for 'comfort'

- 150 -



Ton
=
oy
ToR

il
o

e

~X

o
NE)
K

B
ol

)

Bl

N}

7ol

ol

X
N

/A A

3} 27

CENCEEE

S

a1z}

o)

ki3

Ho

0

o)
nfy

T
=
B

Nl

TR

N

B

—~
fite)

0
o

I

ToR

.EL

~
fite)

H
Ho
bl
~

e

B
el
;OO
ﬁo
|

1o

N
No

-

;OY

il

o
ol
<
=

BH

N

3

o= 7|t

N

)
=

=

ol
;Of

ol

= 0.3086,

10—

1.0508, Aa’

Kok
10

*

AL

;Ot

- 151 -



1.375

42

. A7 2o
]7}_ UH%

[e)

I

ab, 10

o

*
Yas

Ab

WL
™ > ° % W oo
o] Y woF B mhy TR
i o pe o % X I3 T O
T ~ - o
Eoum;uﬂ%mﬁmrem1
O o Mo M o H mg_ ) =K oy
— B %
E@aiwﬂ; T % Te ks
- o W o w ¥ =T T oz X i N T o w OB
e ) Jo 0 o El m._ M% o X W d MO | %i» RO
P oo - o b uﬂr s Wow T gl 5 SASOSCI
5 oy o w ° & o =) o S BT A} S o B F
u,ﬂmn%ﬂﬁwﬂéﬂu% WLMIW%WWﬂﬂ%
0 — ' ;01_ | | 0 ,m ,‘W
ﬁ?%ﬂmﬂmmﬁmxﬁ wrgoﬂwﬁu'@ M B o
g ol e < o N R %o - = _ wow 2 ol
arl@%ﬂummm”%mqmﬂ " %ziﬂ?,&ﬂwﬂ%m
ay & w X o) © o TRy i W = LR d W
" m i ) o }myﬂmxﬁwﬁ%
W T w oo A T & o A F o © .S w 1o
cogzjmsq%ﬂﬂ e ﬂTsLﬂﬂ.&g@o
T I o S - = S ) L A
(my wT - " - 0 bt ) gajal M o)) o oF oE - A =
B oa ~ B o bo S N o o K o LS w Ao kN
. & N = M G oo e L oo N
= BR OME 1_M n o E.E o ,Iv_ﬂ’ Z.E = N = O_H < ~NH
o MG & = B o] X £ T = & ol o N
A ~ = oo + S T il s = (=3 < r
o B = X o2 ’ oo BOX 2% K = 2
T ,Dl 50 R . o by ﬂwﬂ NI ) ol = W O ) ™
n oo B = B w M e hy TR g = o R
glﬂﬁqu y111 n1ﬂ@ . A b N
Moo W N i = X ; T %
7 T B z ™ v B @ﬂmﬂmﬂLﬂ R . 2
mﬂ,ﬂhgjﬁﬂ#ed anmmzzgwﬂwﬁm
i G "3 & Bo S o o Ak W= o T o SRR ) =
o o N 4 & = B ar on Al 5= N il c = - wa o
SO = oy 7 M ) bR ) < g i
o s %O B o ol 23 o N X ML Iy oF B
ma@m ﬁzgmz?awwdbwg
J s
o T HMO ol 7 S w o oF = ma o
Wu%yemﬂmﬁmmwmlm <!
K B = 0| WW M oy wﬂ @
w = % -
3r ﬂr s
T o
i

- 152 -



At

ﬂU oy
m_l OL ﬂﬁM,.* @,H o .
= 7 =T oo T
S e = MO
N ﬂU Z.o _I,._ W_.M iﬁ WrW, mmo EE
5 ﬂ@gﬂﬂ%ﬂ 5o w
— Y
%Ma@%#&mx@e%%w ﬂ,
T O = i I N o o W e o I oW
%}uﬂ a2 ok _sourm#l w w SEGY
W H B oo ﬂm%ﬁ%o_em% z T I
T o Mo TN o _ ) M@ﬂ1(ﬂ% 5
o U T Ho I i e o T w P K T o < 5
= A 5 = 7 A o = D M o E W o A X
| oo NOBR 1dy| M o ol W 70 *mp K Wﬁ <o C ol £}
o 9l o S R T T O o M .
”o < oo O o gy R ) w W
5 o X =~ ® G o X AT - % B o = als
wn oF = oY N = N o= ) & x = = R 23 J = W nd X
# — T 8 07 .9 = o LS IO ) o ol N B
3R ny = N R 5 B LS o % o W ofp
R N o S N S 2 S o o R
ol _ = oo o T oy A ﬂr vnm LSS oF ol o "o of | N S
by X = R0 K o T _ 9 o Ar A 5
o - P SR S . = 7 B g
- = M o Mo e T B S o oo _ B T o P
= ;OO ]E' = Of % = 5.0 o K “_H” N 1o ‘m\u L o] —_ ;Ot
= Bl < o S @) ~ o To ol g Z_- 0 ,_lﬂ_yl T
= P w o TS L A T ow R )
= ) s = o A o oW =~ = el A = xTONE I
g o rIy - or < o ¥ v T E© N w X
X e o W F = W & - m ° (o) oy
o e oo oo o I w MR e S NI
% T D=5 - = o Sn e s Y 2 & ¢
o B B B N = o 7o~ el WS 2 o o L ™ S oy B 2}
& ok = y w 9 2 3 3o 70 Ho SN g < = o B
ﬁ%éﬂicg‘@ﬂg% o @Gﬂ mmﬂﬂ = &
o HN 5 © & o N o oF B B = oy T
w O T S o A oW ) T
! A oy T T o 5 ok ~ I o o X
@@% dﬂommﬂ@ﬂz = mm,,qﬂﬂm%@ o M
%ﬁum@wmﬂwﬂugwiﬂﬁﬂ,mﬁ g@&%@mﬂ% o
o o BEn = NP w BT G © B B TowF o o Al
RO ™ T B o = = ~n = 5 o o R o
) B oE oz ] wo T GG T R o o o T ot
= Aﬂ:h#@%ﬂﬂzﬂ M%mwﬂwﬂﬂﬂ«ﬂ x
a %%Ltlaﬂwz umgmuxmﬂﬂg L)
0 T ) ‘UF N OT JL.;NO % oW myl OE & "
Mo  o% e N " il e
o N R 5} b 8 ol
= 3 = e
EE R "7 = o
= oy Mu A £} _Howﬂ
= Tz (N %
O
o
2
o N

Yy
T
)

- 153 -



o|i
LE - 7 =
__M N T T T
PNy
Wlo HL 5 _ﬁﬂ w:IL o ~n X M Y X
N - I ® cw = M ” :
1_. o | N ﬂ/l 0 o il
Mﬁ ! um M oo = c % m.w
T ° T e -
i v - oot ) B T
LT ey v E w2
=) = o ~h W %0 o o5 00 B ay
o - T = P : X
e T N g " R
.~ =~ ° 3 x :
- X gn e ojp | L ©
= o L = Gl oo o X 5
w Jn e B = EE :

Y : ° = = B o o Yo A o
: x_n LT 0 NI R gl
ol = . : :
3 & =Pl X0 Wo ) . 1@ @ g
= mt S5 g T ° H 4 o w
Swm LW o o B -
W 7o T oy T Y = - o 5
s = = 2 o i - ;
Ttk S °l # oo T
L™ SRR = S o

— o7 ~ < BH A "

= N N g ; 5 # ﬂ

‘Aluﬂ ~o ,Mﬂ ,m._u ﬂ ,L§| _él i

ﬂwmﬁi_fﬂy&%qﬂﬁ

oy T o of ® N o s i

Mﬁ - ;&H ,.wm ‘ul dﬂ 1: J E ~ N MM s

= ol r X oo 1 3 :

T 5 - & L) o= ~

= TR xO BE B il
T = ¥ o

~ TR mo mm o m 8 : 2

: : = > o JUM z M oy o o

- = o = o Y @ s =

IXF Ar ﬂﬂ _ < _ = To =<

: ¢ * _ . X L T ol TR

X o MWA ohy o M wﬂu ! MH M_. )

Zﬂ — ox ~ b\_ 7D = 7H

T CE > F :
N = o To Lt
G ol of

< T r

= &

Ho

- 154 -



3

M
r!

Ahn, M. S. (2002). % ¢7 ¥/ #/[Natural Dyeing. Seoul:] Yehaksa.

An, K. C, & Kim, J. H. (2001). A study of the dyeability and physical properties
of mordanted and finished fabrics dyed with natural dye of safflower.
Journal of the Korean Society of Dyers and Finishers, 13(1), 23-31.

Ansorge, U., Kiss, M., & Eimer, M. (2009). Goal-driven attentional capture by
invisible colors: evidence from event-related potentials. Psychonomic Bulletin
& Review, 16(4), 648-653.

Badmaanyambuu, S., Kim, C.,, & Yi, E. (2019). EEG signal, subjective fragrance
sensation, and preference of citrus oil microcapsule-loaded fabric. Journal of
the Korean Society of Clothing and Textiles, 43(2), 297-309.

Baek, C., Kim, Y. J, Kim, H. S.; & Park, S. O. (2010). The analysis of color
emotion for LED light. Journal of Korean Society of Color Studies, 24(3),
68-79.

Balas, B., & Nelson, C. A. (2010). The role of face shape and pigmentation in
other-race face perception: an electrophysiological study. Neuropsychologia,
48(2), 498-506.

Bang, J. H, & Chong, M. S. (2013). A literatural reserch for the practical use of
the balsaminaceae. Journal of Korean Medical Gigong, 13(1), 77-104.

Bhardwaj, H. C., & Jain, K. K. (1982). Indian dyes and dyeing industry during
18-19th century. Indian Journal of History of Science, 17(1), 70-81.

Byun, S. J. (2006). Color characteristics and properties of the fabrics dyed with
persimmon juice. Art Journal, 7, 1-22.

Cao, J., Wu, Y., Jin, Y., Yilihan, P., & Huang, W. (2014). Response surface
methodology approach for optimization of the removal of chromium (VI) by
NH2-MCM-41. Journal of the Taiwan Institute of Chemical Engineers, 45(3),
860-868.

- 185 -



Casselman, K. D. (2008). The colour of women’s culture: natural dyeing as
self-expression in America, Japan, norway and Australia. Textile Society
of America Symposium Proceedings, 251.

Chang, C. C., & Kim, A. S. (2003). A study on the dyeing properties of silk fabrics
dyed with Impatiens balsamina extract. Journal of the Korean Society of
Dyers and Finishers, 15(1), 1-7.

Cho, A. R. (2021). A study on color harmonyutilizing digital media (Unpublished
master's thesis). Korea National University of Education, Cheongju.

Cho, H. S., Kim, S. K., & Lee, E. J. (2005). Development of traditional cultural
products using persimmon dyeing. Proceedings of the Korea Society of
Costume Conference, 22, 142-143.

Cho, I. S., & Lee, J. S. (2015). Combination dyeing of silk fabrics with hibiscus
flowers and persimmon juice extract. Fashion & Textile Research
Journal, 17(3), 476-485.

Cho, M. S. (2003). 4n analysis of the trend of natural dyeing (Unpublished master's
thesis). Ewha Womans University, Seoul.

Cho, S. H. (2011). On the study of industrial cluster's coexistence and cooperation
in the era of decentralized local government (Unpublished doctoral

dissertation), Konyang University, Nonsan.

Cho, S. H., Park, J. J., Jung, M. H., Park, S. H., & Lee, M. C. (2006). Study of
spinning technique development for mass production of Hansan-mosi. Textile
Science and Engineering, 43(2), 70-77.

Choi, I. R. (2002). A study of color difference on fabrics dyed with yellow natural
material -by natural gardenia and Japanese pagoda tree-. The Research
Journal of the Costume Culture, 10(4), 433-440.

Choi, I. R. (2004). A study on the physiological responses to the texture. The
Research Journal of the Costume Culture, 12(5), 702-706.

Choi, J. I, Choi, J. S., & Lee, H. J. (2016). A comparative study on color emotion

- 156 -



by age groups of the elderly -focused on single color. Journal of Korean
Society of Color Studies, 30(3), 47-55.

Choi, S. C., & Jung, J. S. (1997). Studies of antilnicrobial from extracts of impatiens
balsamina(l). Journal of the Korean Fiber Society, 34(6), 393-399.

Choi, S. C., & Jung, J. S. (1999). Study on the antimicrobial activity of Impatiens
balsamina(Ill). Journal of the Korean Fiber Society, 36, 338-343.

Choi, S. N. (2018). A4 study on methods of making kakishibu and
application (Unpublished master's thesis). Korea University, Seoul.

Choi, S. S. (2011). The effects of a color environment on the emotional evaluation
of space-focusing on the theory of MBTI personality classification and the
cross tabulation analysis of brain waves. Journal of Korean Society of
Design Science, 11(4), 561-573.

Choi, Y. J, Ryu, H. S., & Kweon, S. (2005). A study of color image on silk
fabrics dyed with yellow natural materials. Journal of the Korean Society of
Clothing and Textiles, 29(6), 868-876.

Chung, H. S. (2018). A study on the three color scheme according to the color
perception characteristics of the elderly. Korean Society of Basic Design &
Art, 19(5), 658-668.

Das, P. K., & Mondal, A. K. (2012). Biodiversity and conservation of some dye
yielding plants for justification of its economic status in the local areas of
lateritic zone of west bengal, India. Advances in Bioresearch, 3(1), 43-53.

Decaestecker, T. N., Lambert, W. E., Van Peteghem, C. H., Deforce, D., & Van
Bocxlaer, J. F. (2004). Optimization of solid-phase extraction for a liquid
chromatographic - tandem mass spectrometric general unknown screening
procedure by means of computational techniques. Journal of Chromatography,
1056(1-2), 57-65.

Eom, H. J. (2002). A4 study on the diversification dyeing techniques of
persimmon (Unpublished master's thesis). Catholic University, Daegu.

Ha, S. Y., & Jang, J. D. (2013). Effect of color developing by xenon irradiation on

- 157 -



cotton fabrics dyed with persimmon extract powder dye. Textile Coloration

and Finishing, 25(1), 56-64.

Han, M. R., & Lee, J. S. (2010). Natural dyeing and dyed fabrics properties with
persimmon juice. Fashion & Textile Research Journal, 12(2), 224-232.

Han, Y., Lee, H.,, & Yoo, H. (2004). The characteristics of persimmon juice dyeing
using padding and UV irradiation method (partI) -color and properties of
persimmon juice dyed cotton fabrics-. Journal of the Korean Society of
Clothing and Textiles, 28(6), 795-806.

Han, Y. (2005). The antibacterial activities of persimmon juice and persimmon juice
dyed cotton fabrics. Journal of the Korean Home Economics Association,
43(3), 119-1209.

Han, Y. S., Lee, H. J.,, & Yoo, H. J. (2004). The characteristics of persimmon juice
dyeing wusing padding and UV irradiation method (Partl)- color and
properties of persimmon juice dyed cotton fabrics. Journal of the Korean
Society of Clothing and Textiles, 28(6), 795-806.

Han, Y. S., Lee, H. J., & Kim, J. H. (2005). The effects of chitosan pretreatment on
the dyeabilities and antibacterial activities of persimmon juice-dyed cotton
fabrics. Journal of the Korean Home Economics Association, 43(2), 115-126.

Han, Y. S., Yoo, H. J.,, & Lee, H. J. (2006). The characteristics of mixed dyeing
using persimmons juice and onion outer skin extract. Journal of the Korean
Society of Clothing and Textiles, 30(1), 115-124.

Hong, G. J., Kim, S. M., Lee, B. C.,, Yi, D. H.,, & An, S. K. (2009). The effect of
color therapy on stress and electroencephalogram variation. Korean Journal
of Aesthet Cosmetol, 7(1), 51-59.

Hong, H. S. (2001). The effect of benefit thought and fashion image on purchase
intention of gal-ot. Journal of the Korean Home Economics Association,
39(2), 73-84.

Hong, J. M., & Ryu, H. S. (1997). Mechanical properties and fabric handle of

- 188 -



hansan ramie (Partl). Journal of the Korean Society of Clothing and
Textiles, 21(8), 1315-1322.
Hong, S. Y., & Kim, K. H. (2015). Case study on a social enterprise based on the

traditional craft -indigo dyeing social enterprise in naju-. Journal of
Agricultural History, 14(1), 69-97.

Hong, W. P. (1993). Taxonomy of korean impatiens 1-morphological study. Korean
Journal of Plant Taxonomy, 23(4), 243-243.

Huh, M. W., Bae, J. S., & An, S. Y. (2008). Dyeability and functionality of silk
fabrics treated with persimmon juice. Fashion & Textile Research Journal,
10(6), 1036-1044.

Hur, S. H., Kim, S. W.,, & Min, B. W. (2015). Discrimination of cultivars and
cultivation origins from the sepals of dry persimmon using FT-IR
spectroscopy combined with multivariate analysis. Korean Journal of Food
Science and Technology, 47(1), 20-26.

Hyun, Y. L. (2011). Property change by treating with cellulase enzyme in persimmon
dyed cotton fabrics (Unpublished master's thesis). Pusan National University,
Pusan.

Hwang, M. (2017). A study on EEG arousal effect on stimulation of color. Journal
of Integrated Design Research, 17, 63-72.

Hwang, M. K. & Kwon, M. W. (2018). A study on EEG arousal effect on
stimulation of color-focusing on the measurement of a-wave against [3-wave-.
Journal of Integrated Design Research, 17(4), 63-72.

Hwang, Y. S., Kim, S. Y., & Kim, J. Y. (2013). An analysis of youth EEG based
on the emotional color scheme images by different space of community
facilities. Korean Institute of Interior Design Journal, 22(5), 171-178.

Hyung, A. J. (2003). A study on the development of housing complex's color codes
using color correlations of traditional color scheme (Unpublished master's

thesis). Yonsei University, Seoul.

- 189 -



Je, N. N. (2010). 4 comparative study of color emotion of Korean, Chinese and
Japanese college students (Unpublished master's thesis). Ewha Womans
University, Seoul.

Jo, P. G, Choo, T. G., & Ku, Y. S. (1995). Clothing behavior of elderly women by
lifestyle groups. Journal of the Korean Society of Clothing and Textiles,
19(1), 57-70.

Jeon, D. W., Kim, J. J.,, & Shin, H. S. (2003). The effect of chitosan treatment of
fabrics on the natural dyeing using japanese pagoda tree(l). The Research
Journal of the Costume Culture, 11(3), 423-430.

Ju, J. Y. (2001). The study on the mordanting and dyeing properties of polygenetic
natural dyes (partl) -lithodpermurn officinale. Journal of the Korean Society
of Clothing and Textiles, 25(8), 1484-1492.

Jung, J. S., Park, J. S., & Kim, T. K. (2008). Coloration of cotton fabrics with

tannins of persimmon extracts by heating process. Textile Coloration and
Finishing, 20(3), 25-30.

Kang, K. J, & Lim, J. Y. (2005). A study on the harmony according to tone on
tone coloration of shirt and necktie -on warm and cool color. The Research
Journal of the Costume Culture, 13(4), 632-645.

Kang, K. J., & Choi, S. K. (2005). The effect of coloration type on the image of
Korean dress's wearer-on the tone-in-tone coloration. The Research Journal of
the Costume Culture, 13(6), 977-989.

Kang, S. C., & Moon, Y. H. (1992). Isolation and antimicrobial activity of a
naphthoquinone = from  impatiens  balsamina.  Korean  Journal  of
Pharmacognosy, 23(4), 240-247.

Kang, T. Y. (2015). Effect of heating process on color value of cotton fabrics using
combination of catechu and persimmon extract (Unpublished master's thesis).
Pusan National University, Pusan.

Khodadoust, S., & Hadjmohammadi, M. (2011). Determination of N-methylcarbamate

- 160 -



insecticides in water samples using dispersive liquid - liquid microextraction
and HPLC with the aid of experimental design and desirability function.
Analytica Chimica Acta, 699(1), 113-119.

Kim, A. S. (2004). A study on the dyeing properties of silk fabrics dyed with
impatiens balsamina extract(ll). Textile Coloration and Finishing, 16(3), 1-7.

Kim, B. H.,, & Song, W. S. (2001). The dyeability and antimicrobial properties of
Cinnamoum cassia by mordants concehtration. Fashion & Textile Research
Journal, 3(2), 162-167.

Kim, C. J., Badmaanyambuu, S., & Yi, E. (2019). Electroencephalogram and
subjective sensibilities of chamaecyparis obtusa scent-infused knitted fabrics
based on color tone and fragrance intensity. Textile Science and Engineering,
56(2), 93-102.

Kim, H. G. (2021). A study on the revitalization of Jeju natural dyeing industry.
Journal of Rural Tourism, 24(1), 13-28.

Kim, H. S. (2007). Branding program connected with the traditional culture in
andong: consumer's evaluation. Fashion & Textile Research Journal, 9(6),
645-650.

Kim, H. S. (2012). Cultural and industrial measures for the utilization of traditional

green fabrics in Andong. The Journal of Culture Policy, 26(1), 201-225.

Kim, H. Y. (2005). Effect of simulated acid rain on antioxidants and related enzymes
in garden balsam(Impatiens balsamina L.). Journal of Life Science, 15(3),
382-386.

Kim, H. Y. (2010). Effect of ultraviolet (UV-B) on antioxidants and antioxidative
enzymes in garden balsam(impatiens balsamina L.). Korean Journal of Weed
Science, 30(2), 135-142.

Kim, H. Y. (2011). Effect of simulated acid rain on fatty acid composition and

antioxidant system in garden balsam(Impatiens balsamina L.). Korean

Journal of Weed Science, 31(2), 152-159.

- 161 -



Kim,

Kim,

Kim

9

Kim

9

Kim,

Kim,

Kim

2

Kim,

Kim,

Kim,

J, & Kim, J. (2015). Effects of UV irradiation on the physical properties of
fabrics treated with eco-friendly persimmon juice-silk and nylon fabrics.
Journal of Fashion Business, 19(4), 120-134.

J. E., Lee, K. H., Imgap, Y., & Sohn, J. H. (1997). Emotion-related EEG
features induced by tactile stimulation of textures. Science of Emotion and
Sensibility, 1(1), 153-160.

J. M., Do, W. 1., & Park, J. H. (2003). Pharmacognostical studies on the folk
medicine ‘bong seon wha dae’. Korean Journal of Pharmacognosy, 34(3),
193-196.

J. S. (2015). Natural dyeing properties and antibacterial activities of fabrics
dyed with mordant: focused on gardenia, scutellaria, houttuynia,
phellodendron. Journal of the Korea Society of Art and Design, 18(3), 222.
J. S. (2020). Study of flavonoid/hydroxypropyl-B-cyclodextrin inclusion
complexes by UV-vis, FT-IR, DSC, and X-Ray diffraction analysis.
Preventive Nutrition and Food Science, 25(4), 449.

M. J. (2012). Study on black colored dyeing using persimmon juice as a
main dyeing material (Unpublished doctoral dissertation). Pusan National
University, Pusan.

M. K. (2011). Electroencephalographical analysis of coloring stimuli using
munsell 10 hue and make-up color (Unpublished doctoral dissertation).
Soongsil University, Seoul.

M. K., & Kim, M. K. (2016). Correlation between the factors of personal color
diagnosis guide and brain wave analysis. Asian Journal of Beauty and
Cosmetology, 14(4), 407-416.

O. S, & Jang, J. D. (2009). Effect of heating process on color values of
rayon fabrics dyed with persimmon extract. Fashion & Textile Research
Journal, 11(6), 961-967.

0. S., & Jang, J. D. (2017). Effect of color developing by water treatment on

- 162 -



cotton fabrics dyed with persimmon extract, Fashion & Textile Research
Journal. 19(5), 646-652.

Kim, S. A. (2010). A comparative study on color coordination preferences according
to hanbok styles. Journal of the Korean Society of Fashion Design, 10(4),
5-47.

Kim, S. M., & Song, W. S. (2013). The physical properties of knitted fabric with
hanji/rayon. Journal of the Korean Society of Clothing and Textiles, 37(2),
151-158.

Kim, Y. S. (2009). A study on the development project of goods used hemp cloth in
An-dong. The Journal of the Korea Society of Art & Design, 12(2), 29-44.

Kim, Y. W, & Choi, J. M. (2016). A study of emotional consumption propensity
and preferences for sensibility factors of the fabrics. Science of Emotion and
Sensibility, 19(3), 27-42.

Kim, Y. W., & Choi, J. M. (2010). Color sensibility and preference of the black
color fabrics. Science of Emotion and Sensibility, 13(2), 337-346.

Ko, K. R. (2010). A color effects research for strengthening a competition of the
traditional dyed clothe 'Gal-Oht'. Journal of Korean Society of Color Studies,
24(3), 5-16.

Lee, A. R, & Lee, E. J. (2009). Prediction models for color emotion factors by
visual texture and physical color properties of printed fabrics. Proceedings of
the Korean Society for Emotion and Sensibility Conference, 2009, 54-57.

Lee, A. R, & Yi, E. (2013). Dyeing of cotton fabrics with persimmon extract
powder-focused on dyeability and mechanical properties depending on color
characteristics. Korean Journal of Human Ecology, 22(5), 461-476.

Lee, A. R, & Yi, E. J. (2010). Prediction models for fabric color emotion factors
by visual texture characteristics and physical color properties. Journal of the
Korean Society of Clothing and Textiles, 34(9), 1567-1580.

Lee, A. R., Sarmandakh, B., Kang, E. Y., & Yi, E. (2012). Effect of colorimetric

characteristics and tone combination on color emotion factors of naturally

- 163 -



dyed color combination fabrics - focus on yellowish and reddish fabrics.
Journal of the Korean Society of Clothing and Textiles, 36(10), 1028-1039.

Lee, A. Y., & Lee, S. H. (2012). The effect of color on human physiological and
emotional responses: focusing on brain wave analysis according to color
stimulation type. Korea Journal of Counseling, 13(2), 779-798.

Lee, H. S. (1991). A study on the history and making method of the Cheju Do
Galot. Journal of Jeju National University, 33, 165-174.

Lee, H. J., Shin, D. 1., & Shin, D. K. (2014). The classification algorithm of users'
emotion using brain-wave. The Journal of Korean Institute of Communications
and Information Sciences, 39(2), 122-129.

Lee, J. A. (2010). Study on color preference and color sensibility of depressed
patients (Unpublished master's thesis). Pochon CHA University, Pochon.

Lee, J., Ryu, J., Kim, H., & Lee, H. (2014). An analysis of human physiological
responses to apply color to the indoor living space. Journal of Korean
Society of Color Studies, 28(1), 96-105.

Lee, M. & Cho G. (2014). Analysis of visuo-tactile affection of naturally colored
organic cotton fabric: correlation between psychological and psychophysiological
affection responses. Science of Emotion and Sensibility, 2014, 253-254.

Lee, M. S. (2011). Analysis of the conditions and products of natural dyeing
shopping malls in japan. Journal of the Korean Society of Clothing and
Textiles, 35(3), 254-266.

Lee, M., Kim, C., Sarmandakh, B., Cho, G., & Yi, E. (2018). Electroencephalogram
and psychological response to fragrance and color of Citrus unshiu
scent-infused fabrics. Fibers and Polymers, 19(7), 1548-1555.

Lee, S. A, Jung, C. W., Kim, W. J., & Ahn, J. H. (2009). Optimized mixing design
of lightweight aerated concrete by response surface analysis. Journal of the
Korea Concrete Institute, 21(6), 745-752.

Lee, S. H. (2010). Analysis of anti-allergic activities by extracts from persimmon

- 164 -



Lee,

Lee,

Lee,

Lee,

Lim,

Min,

sap-stained rayon and cotton fabrics. Journal of Life Science, 20(5), 794-798.

S. J. (1976). Korean folk medicine. Korean Journal of Pharmacognosy, 7(1),

1-2.

S. J., & Jang, J. D. (2018). Effect of heat treatment on the color developing of

cotton fabrics dyed with different combination methods of persimmon and

catechu. Textile Coloration and Finishing, 30(3), 216-226.

Y. H. (2006). A study on the various colorations and color sentiment images of

paints (Unpublished master's thesis). Hongik University, Seoul.

. J, Lee, N. K., & Kim, S. J. (2012). A comparison of color sensibility

judgment in color professionals and non-professionals: Focus on the
respective contribution of hue and tone. Journal of Korea Society of Color

Studies, 26(4), 5-17.

K. Y, Jeon, T. J., Yoon, K. J., & Eom, S. 1. (2001). A study on the dyeing

characteristics of natural dyes(II)- expansion of color range of natural dyes
by mordanting and combination dyeing. Journal of the Korean Society of

Textile Engineers and Chemists, 38(11), 577-588.

. Y. (2012). A study on the emotional response according to the area effect of

digital color recreated on the display (Unpublished master's thesis). Ewha
Womans University, Seoul.

J., & Kim, H. W. (2012). Sensibility preference of eco-friendly fabric
products and trust reliability. Journal of Korean Society for Clothing

Industry, 14(3), 430-437.

Nam, H. N. (2010). A study of sustainable fashion design. Journal of The Korean

Society of Fashion Design, 10(2), 53-58.

Oh, H. R., Lee, B. H,, Jaung, J. Y., Nam, C. W., & Park, Y. H. (2002). A study

on the optimization of wool dyeing using response surface analysis. Journal

Korean Fiber Society, 39(5), 622-630.

Oh, S. M., & Kwak, Y. S. (2015). Color emotion comparison under LED

illuminations having different spectral distributions. Journal of Korea Society

- 165 -



of Color Studies, 29(4), 81-90.

Oh, Y. J. (2020). The procedure of making a regional specialty and its invigoration:
how did the Cheong-do’s seedless persimmon get a status as a regional
specialty?. Korean Cultural Anthropology, 53(3), 305-337.

Pang, T. S., Lee, K. J, Ham, I. H., Bu, Y. M., Kim, H. C., Rhee, J. S., & Choi,
H. Y. (2008). A study on the content changes of [3-asarone and a-asarone in
acorus gramineus according to its parts, extraction solvent, and fermentation.
The Korea Journal of Herbology, 23(4), 149-157.

Park, E. H. (2014). The effect of color schemes in advertising responses and
advertising effectiveness : focused on advertisements in fashion magazines
(Unpublished doctoral dissertation). Konkuk University, Seoul.

Park, H. Y. (2013). The simultaneous two-color formation of the two sides of cloth
dyed with the astringent juice of persimmons. Society of Art & Design,

16(4), 105-128.

Park, S. M. (2001). The effect that the change of brainwave has on increasing the
concetration: by using the brainwave controller (Unpublished doctoral
dissertation). Sookmyung Women’s University, Seoul.

Park, S. J. (1995). An experimental study on physical and chemical properties of the
fabrics dyed with persimmon juice. Journal of the Korean Society of
Clothing and Textiles, 19(6), 955-967.

Park, S. J., & Son, W. K. (1999). The effect of differences between Gal-Ot and
undyed clothing, and clothing types on wear sensation. Journal of the
Korean Society of Clothing and Textiles, 23(1), 30-41.

Potsangbam, L., Ningombam, S., & Laitonjam, W. S. (2008). Natural dye yielding
plants and indigenous knowledge of dyeing in manipur, Northeast India.

Roh, S. S., & Hwang, D. S. (2012). Inhibitory effect of active compounds isolated
from Impatiens balsamina(garden balsam) for melanogenesis. Journal of

Haehwa Medicine, 21(1), 125-133.

- 166 -



Samanta, A. K., & Konar, A. (2011). Dyeing of textiles with natural dyes. Natural
Dyes, 3, 30-56.

Sarmandakh, B., Kim, C., & Yi, E. (2018). Preparing bi-component dye of unripe
diospyros kaki THUNB. fruit and ecklonia cava and investigating its dyeing

propeties on fabric. Journal of the Korea Academia-Industrial Cooperation
Society, 19(4), 525-531.

Seo, B. E. (2012). Dyeing of cotton fabrics with charcoal using persimmon
juice (Unpublished master's thesis). Pusan National University, Pusan.

Shin, D. J. (2003). The study on the mechanical properties and thermal properties of
military uniform's fabrics (Unpublished master's thesis). Pusan National
University, Busan.

Shin, E. G., & Park, S. (2017). The age differences for color emotion of warm and
cool color combinations. Journal of the Architectural Institute of Korea
Planning & Design, 33(10), 49-56.

Shin, J., Kim, Y., & Choi, J. (2018). Effects of colorimetric properties and color
sensibility factors on color preferences for green yellow natural dyed silk
fabrics: focused on combination dyeing with indigo and japanese pagoda tree.
Science of Emotion & Sensibility, 21(1), 143 - 154.

Siva, R. (2007). Status of natural dyes and dye-yielding plants in India. Current
Science, 92(7), 916-925.

Sung, J. B. (2011). The comparison of sappanwood dyeing property between
pre-chitosan treatment and pre-persimmon juice treatment on PET fa b ric
(Unpublished master's thesis). Pusan National University, Pusan.

Sung, K. H. (2012). 4 study on the effect of color sensibility and characteristic type
on the attitudes toward the advertising (Unpublished doctoral dissertation).
Hongik University, Seoul.

Sung, K. H., Kim, J. H., & Lee, C. Y. (2016). The effect of color sensibility and

- 167 -



color preference on the attitudes towards the advertising and the brand.

Journal of Digital Design, 16(4), 178-188.

Sung, N. S., & Kang, K. J. (2007). The effect on the image of men's wearer with

color and area of tone on tone combination of stripe necktie -based on 1:2:3

area ratio. Journal of the Korean Fashion Design, 7(1), 41-62.

Sung, N. S. (2008). The effects on the image of necktie by three color combination

and area ratio of stripe patterns (Unpublished doctoral dissertation).

Gyeongsang National University, Jinju.

Tondi, G. (2017). Tannin-based copolymer resins: synthesis and characterization by

solid state 13C NMR and FT-IR spectroscopy. Polymers, 9(6), 223.

Weon, K., & Kim, Y. I. (2001). Characteristics of color and color name in korea

fashion apparel industries. Journal of Korean Society of Color Studies, 15(1),
37-48.

Yang, Y. A., & Yi, E. (2010). Color sensibility image of naturally dyed silk fabric.

Science of Emotion & Sensibility, 13(2), 403 - 412.

Yeh, Y. Y., Lee, D. S., & Ko, Y. H. (2013). Color combination and exposure time

b

Yi,

b

Yi,

E.,

on legibility and EEG response of icon presented on visual display terminal.
Displays, 34(1), 33-38.
& Choi, J. (2008). Intergenerational differences of color sensation and

preference for naturally dyed fabrics. Fibers and Polymers, 9(5), 646 - 652.

E. (2016). Color sensibility of naturally dyed silk fabrics in blue and green.

Textile Science and Engineering, 53(2), 120-127.

E., & Choi, J. (2009). Color sensibility factors for yellowish and reddish natural

E.

E.,

dyed fabrics by 40s middle-aged consumers. Science of Emotion and Sensibility,
12(1), 109-120.

J, Cho, J. Y., & Park, D. K. (2009). Development of sensible
color-coordinate fashion products using natural dyeing. Proceedings of the
KAIS Fall Conference, 2009-05, 550-553.

Lee, S. H., & Choi, J. (2022). A comparative study of color emotion and

- 168 -



preference of Koreans and Chinese for two-color combination by naturally
dyed fabrics with persimmon and indigo. Journal of the Korean Society of
Clothing and Textiles, 46(1), 33-48.

Yi, E.,, Yoo, E. S., Han, C. H., & Lee, A. R. (2010). Dyeing properties and color
characteristics of silk fabrics dyed with prunus yedoensis matsumura flower
extract. Textile Coloration and Finishing, 22(3), 194-206.

Yi, E.,, Kim, Y. P, & Park, J. H. (2007). Comfort properties of T-shirts dyed with
natural persimmon juice. Journal of the Textile Institute, 98(3), 195-200.

Yoshioka, S. (2010). History of Japanese colour: traditional natural dyeing methods.
Colour: Design & Creativity, 5(4), 1-7.

Yu, K. W. (2002). [Image perception by two-color arrangement of woman's
suits (Unpublished doctoral dissertation). Konkuk University, Seoul.

Yun, S. H. (2009). AAF ] 242 7Fx 2} &% A [Industrial value and future

prospect of natural dyeing]. Dyeing and Finishing, 4, 47-52.

- 169 -



Abstract

This study was performed to develop an optimized mixture dyeing technology of
persimmon and garden balsam for maintaining the unique color of persimmon-dyed
cotton fabric and improving its stiffness and to quantify physiological and
psychological emotion by investigating their relationship with objective parameters
such as color combination variables, color combination types, and color area ratio.

Dye powders of persimmon and garden balsam were prepared respectively by
freeze drying of their hot water extract and thereafter were tested in terms of
ingredient analysis and antimicrobial activity. Each dye of persimmon and garden
balsam was tested for their single dyeing properties under the conditions of 1:100 for
bath ratio, 50C for dyeing temperature, and three different dye concentrations
including 100%, 150%, and 200% (owf) for a cotton fabric with post-heat treatment
for color developing under the conditions of 180°C with varied treatment durations of
5 min, 10 min, and 15 min. As for dyeing cotton fabric with mixture dye of
persimmon and garden balsam with post-heat treatment, dye concentrations were
varied as  100%, 150%, and 200% (owf) each of which was composed of three
different mixture ratios of persimmon and garden balsam. The dyed cotton fabric
with each dye was measured for K/S values as color strength, physical color
characteristics of CIE, Munsell, and PCCS, dyeing fastness, and stiffness properties.
Based on the results of single dyeing with persimmon and garden balsam
respectively, a response surface method was applied to optimize the mixture dyeing
conditions with persimmon dye concentrations and heat treatment time as independent
variables and with physical color characteristics (AL"y, Aa’w, Ab',, AEw,) and
flex stiffness as dependent variables. Comfort properties like air permeability, Qmax
values, and water repellency and skin-health functions such as antimicrobial activity
and sun protection properties were evaluated for cotton fabric dyed under the

optimized conditions. As for evaluating human emotion of color combinations by
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naturally dyed cotton fabrics including one under optimized mixture dyeing condition

of persimmon and garden balsam, a total of six different stimuli each of which had

a three-color combination were prepared with combinations of three dyeing types

(mixture of persimmon and garden balsam, indigo, and mixture of yellow gardenia

and blue gardenia), three color combination types based on tone difference (identical,

medium different I, medium different 1) and two color area ratios (2:2:2, 4:1:1). A

total of 30 female college students majoring in fashion and design participated in

both of EEG signal measurement for physiological emotion and subjective visual
assessment for psychological emotion. Each three-color combination was presented in

a viewing cabinet illuminated by a D65 simulator with 0°/45° of viewing angle.

Electroencephalography (EEG) was measured simultaneously, analyzed by FFT (Fast

Fourier Transform), and then relative powers of slow alpha (8 ~11 Hz), alpha (8 ~13

Hz), fast alpha (11~13 Hz), low beta (12~15 Hz), and beta (13~30 Hz) were

calculated followed by normalization. For psychological emotion evaluation, twenty

eight color emotion descriptors including five basic sensation adjectives and twenty
one representative adjectives were selected from LR.I color image scales and they
were scored by 7-points semantic differential scale.

The results of this study are as follows;

1. Persimmon dye was found as consisting of tannin and flavonoid while garden
balsam of anthocyanin, chlorophyl, and flavonoid. Each of dye showed excellent
antimicrobial activity against Staphylococcus aureus and Klebsiella pneumoniae.

2. Mixture dyeing with persimmon and garden balsam was found as giving Yellow
Red as hue to cotton fabric identical to traditional persimmon single dyeing, which
means mixture dyeing with them could reproduce the shade of traditional
persimmon-dyed fabric. As for stiffness, cotton fabric dyed with the mixture gave
8~30% decrease of flex stiffness from persimmon single dyeing depending on dye
concentrations, which implies the mixture dyeing could contribute to improving
stiffness of single persimmon-dyed fabric.

3. By using response surface method, optimum dyeing conditions for minimizing
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color difference between single persimmon-dyed fabric and the mixture-dyed fabric
and for decreasing flex stiffness were determined as mixture ratio of  70%
persimmon and 30% garden balsam and 15 min of post-heat treatment. Cotton
fabric dyed under optimized conditions of mixture dyeing showed good dyeing
fastness with 3-5 grades. It showed increase of air permeability while Qm. and
water repellency were similar to single persimmon dyed cotton fabric. As
skin-health functions, sun protection properties and antimicrobial activity of cotton
fabric dyed under optimized conditions for mixture dyeing were revealed as
excellent.

. As for EEG signal, in providing medium difference II as a color combination type
for three-color combination, all brain bands including slow alpha, alpha, low beta,
and beta seemed to increase their waves more at P3 and Ol than in the other
color combinations. Moreover all waves tended to decrease at P3, P4, O1, and O2
as each value of physical color combination variables such as XL*,, Za', b,
and XL",, increased. These results indicates that EEG signals as physiological
emotion could be affected by color combination types and physical color
combination variables of three-color combinations composed of differently colored
fabrics with natural dyes.

As psychological emotion factors of three-color combination, ‘Comfort’,
‘Modernity’, and ‘Dignity’ were identified by factor analysis. Factor ‘Comfort’ was
more strongly perceived in medium difference I as a color combination type than
the other color combination types, which means that ‘Comfort’ tended to be felt
more when cotton dyed with persimmon/garden balsam under the optimized
condition was matched with brighter and paler toned fabrics. This result was
supported by statistical significance that factor scores of ‘Comfort’ was positively
correlated with L7, and ZL*,Q,,.

In order to predict psychological emotion factors quantitatively, stepwise linear
regression was attempted with objective parameters such as physical color

combination variables, color combination types, and EEG signal. As results, factor
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‘Comfort’ was described as significantly regressed by the objective parameters and
Its experimental data and predicted data showed high correlation (1’=0.939) to each

other.

This study has strong implication that the optimized mixture dyeing technology
with persimmon and garden balsam could contribute to provide cotton fabric identical
color shade to traditional persimmon-dyed fabric and to improve fabric stiffness as
well as it gives comfort properties and skin-health functions to cotton fabric. In
addition, it needs to be noted that three-color combinations by naturally dyed fabrics
including one under the optimized dyeing conditions for persimmon and garden
balsam were identified in terms of their physiological and psychological emotion so
that psychological emotion factor ‘Comfort’ was quantified with objective parameters.
In a future study, a varied textiles such as silk and nylon need to be investigated to
develop optimized dyeing technology with mixture of persimmon and garden balsam
and to identify physiological and psychological emotion of color combinations by

fabric dyed under the optimized conditions.
Key words : extract of persimmon and garden balsam, optimized mixture dyeing

technology, emotion of color combination for naturally dyed fabric, physiological

emotion, psychological emotion

- 173 -



i
o)

N

el
a g
HJ

oF
Tor

o
)

o
o
N
o

Aguek Al <=

o} AFA 31

p
=

=

=

slsdth WA A

S

7 =

=y
G
ce

N

o

N

jpase]

X

N

=3
"o

el

=y

R

M

AN A9 =ie

il

o

o
ol
bl
=0

o
Tor

Lol

[e)

T

=

Ut %

1

T

oule} &A1Y Y 7HA}
# o}

]

o

A ol A

-

R

]_

S

ERIRE

s 1w
%

)
N

o] o] §o] o]

q

b2

A B olol A

=

[€)

ERER]

©

]
—_

oy
3
N
-

=

—_
fie)

6

2022

o] of-of 7

=

=

o]

TH
il

Bo
AL
00

- 174 -



	Ⅰ. 서론
	1. 연구 배경 및 필요성
	2. 연구 목표

	Ⅱ. 이론적 배경
	1. 감과 봉선화 염색 연구
	1) 감 염색 연구
	2) 봉선화 염색 연구
	3) 감과 타 천연염재와의 혼합염색

	2. EEG를 이용한 의류소재 및 의류의 생리적 감성 연구
	1) 뇌파의 개념과 특성
	2) 색채의 생리적 감성 연구
	3) 의류소재 및 의류의 생리적 감성 연구

	3. 천연염색 의류소재 및 의류의 색채감성 연구
	1) 단색과 배색의 색채감성
	2) 의류소재 및 의류의 색채감성
	3) 천연염색 의류소재 및 의류의 색채감성

	4. 지역특화 패션소재

	Ⅲ. 연구방법
	1. 감과 봉선화의 혼합염색 최적화
	1-1. 염료 및 직물시료
	1-2. 염료의 성분분석과 항균성 평가
	1) 성분분석
	2) 항균성

	1-3. 염색성 평가
	1) 염색 방법
	2) 열 발색
	3) 염착량
	4) 색채특성
	5) 염색견뢰도

	1-4. 염색직물의 쾌적성능과 피부건강 기능성 평가
	1) 강연도
	2) 공기투과도
	3) 접촉냉온감
	4) 발수도
	5) 자외선차단성
	6) 항균성

	1-5. 감과 봉선화 혼합염색 최적화
	1) 반응표면 실험계획법
	2) 감과 봉선화 혼합염색 최적화의 실험설계
	3) 통계분석


	2. 감과 봉선화의 최적화 혼합염색 직물을 이용한 천연염색 배색감성
	2-1. 자극물
	2-2. 피험자
	2-3. EEG 신호를 이용한 생리적 감성 평가
	2-4. 주관적 감성 평가
	2-5. 데이터 분석


	Ⅳ. 결과 및 고찰
	1. 감과 봉선화의 혼합염색 최적화
	1-1. 염료의 성분과 항균성
	1) 염료성분
	2) 항균성

	1-2. 단일염색 직물의 염색성
	1) 염착량
	2) 색채특성
	3) 강연도

	1-3. 혼합염색 직물의 염색성
	1) 염착량
	2) 색채특성
	3) 강연도

	1-4. 혼합염색 최적화
	1) 최적화를 위한 변인 결과 도출
	2) 종속변인별 최적화 모델링
	3) 혼합염색의 최적 혼합비 도출 및 검증

	1-5. 최적화 혼합염색 직물의 염색견뢰도, 쾌적성능 및 피부건강 기능성 평가
	1) 염색견뢰도
	2) 공기투과도
	3) 접촉냉온감
	4) 발수도
	5) 자외선차단성
	6) 항균성


	2. 감과 봉선화의 최적화 혼합염색 직물을 이용한 천연염색 배색감성
	2-1. EEG 신호를 이용한 생리적 감성
	1) 3-배색 자극물에 따른 EEG 신호 특성
	2) 배색변인과 EEG 신호 간의 관계

	2-2. 주관적 배색감성요인
	1) 배색감성요인 추출
	2) 배색유형이 배색감성요인에 미치는 영향
	3) 배색면적비가 배색감성요인에 미치는 영향
	4) 물리적 배색변인이 배색감성요인에 미치는 영향

	2-3. 배색감성요인 예측모델
	1) EEG 신호와 배색감성요인 간의 관계
	2) 배색변인과 EEG 신호를 이용한 배색감성요인 예측 모델



	Ⅴ. 결론
	참고문헌
	Abstract
	감사의 글


<startpage>20
Ⅰ. 서론 1
 1. 연구 배경 및 필요성 1
 2. 연구 목표 6
Ⅱ. 이론적 배경 8
 1. 감과 봉선화 염색 연구 8
  1) 감 염색 연구 8
  2) 봉선화 염색 연구 11
  3) 감과 타 천연염재와의 혼합염색 13
 2. EEG를 이용한 의류소재 및 의류의 생리적 감성 연구 15
  1) 뇌파의 개념과 특성 15
  2) 색채의 생리적 감성 연구 17
  3) 의류소재 및 의류의 생리적 감성 연구 17
 3. 천연염색 의류소재 및 의류의 색채감성 연구 19
  1) 단색과 배색의 색채감성 19
  2) 의류소재 및 의류의 색채감성 23
  3) 천연염색 의류소재 및 의류의 색채감성 25
 4. 지역특화 패션소재 27
Ⅲ. 연구방법 31
 1. 감과 봉선화의 혼합염색 최적화 31
  1-1. 염료 및 직물시료 31
  1-2. 염료의 성분분석과 항균성 평가 32
   1) 성분분석 32
   2) 항균성 32
  1-3. 염색성 평가 32
   1) 염색 방법 32
   2) 열 발색 33
   3) 염착량 34
   4) 색채특성 34
   5) 염색견뢰도 34
  1-4. 염색직물의 쾌적성능과 피부건강 기능성 평가 35
   1) 강연도 35
   2) 공기투과도 35
   3) 접촉냉온감 36
   4) 발수도 36
   5) 자외선차단성 36
   6) 항균성 37
  1-5. 감과 봉선화 혼합염색 최적화 37
   1) 반응표면 실험계획법 37
   2) 감과 봉선화 혼합염색 최적화의 실험설계 39
   3) 통계분석 40
 2. 감과 봉선화의 최적화 혼합염색 직물을 이용한 천연염색 배색감성 41
  2-1. 자극물 41
  2-2. 피험자 45
  2-3. EEG 신호를 이용한 생리적 감성 평가 45
  2-4. 주관적 감성 평가 49
  2-5. 데이터 분석 50
Ⅳ. 결과 및 고찰 51
 1. 감과 봉선화의 혼합염색 최적화 51
  1-1. 염료의 성분과 항균성 51
   1) 염료성분 51
   2) 항균성 53
  1-2. 단일염색 직물의 염색성 54
   1) 염착량 54
   2) 색채특성 56
   3) 강연도 59
  1-3. 혼합염색 직물의 염색성 61
   1) 염착량 61
   2) 색채특성 63
   3) 강연도 66
  1-4. 혼합염색 최적화 69
   1) 최적화를 위한 변인 결과 도출 69
   2) 종속변인별 최적화 모델링 70
   3) 혼합염색의 최적 혼합비 도출 및 검증 90
  1-5. 최적화 혼합염색 직물의 염색견뢰도, 쾌적성능 및 피부건강 기능성 평가 94
   1) 염색견뢰도 94
   2) 공기투과도 96
   3) 접촉냉온감 97
   4) 발수도 98
   5) 자외선차단성 99
   6) 항균성 100
 2. 감과 봉선화의 최적화 혼합염색 직물을 이용한 천연염색 배색감성 101
  2-1. EEG 신호를 이용한 생리적 감성 101
   1) 3-배색 자극물에 따른 EEG 신호 특성 101
   2) 배색변인과 EEG 신호 간의 관계 106
  2-2. 주관적 배색감성요인 127
   1) 배색감성요인 추출 127
   2) 배색유형이 배색감성요인에 미치는 영향 134
   3) 배색면적비가 배색감성요인에 미치는 영향 137
   4) 물리적 배색변인이 배색감성요인에 미치는 영향 139
  2-3. 배색감성요인 예측모델 143
   1) EEG 신호와 배색감성요인 간의 관계 143
   2) 배색변인과 EEG 신호를 이용한 배색감성요인 예측 모델 148
Ⅴ. 결론 151
참고문헌 155
Abstract 170
감사의 글 174
</body>

