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>,
N
N
2,
[e]
oX,
T
il
o

4 AABHA spH WAL 7R,
T 59 55 AU 9lthlee, 2015). WS &

E s8] A5 Al 719k extile based)
|4k non-textile based)<] 234

7
AR R lon, WgAle 54 gl ol &
E

D AR 7Rk g

(1) PLEC(polymer light-emitting electrochemical cell)

PLEC A&+ YA E(flexible)yst™ FA17} 7}
7] witel 2AH ARE Ax shsstal of|
WA Boets Fdst s Algsiths &
Aol qlek mgk Ay, A FollAl LIkl ARE-
¥ 9 % (dip-coating) 71} PLEC AlZef %
3o gN HAES Eof| IUE Pof 7tashs 1
% AB] L9 EFZ(oll to roll) FHe] A8 75
3}t}. <Figure 1>, <Figure 2>+ PLEC A2} 27+
Pz A23 Az 474 Imm P ¢ g
& 74 gjolofof Absfod vhw IR} g

il:l
A ' e FEE s9ste] Al g A
J
=
o

L

S

spsh A A{E Al st Akglelt o] 4
EREA AP Ho| upkAl = g
et AR 0] 3 Pel2 shgshe Bed
FINE 723 orh Wl ulwa 71uel 9

o pul
[

P4E&

5]

=

=

%

rr

il

3l AF ks Wil Ak AR

% st digshke Aol 7Fssh, 2
Eo] Ao 2L FwsH HF 7lsltH(Zhang
et al., 2015).

(2) 3’d-H(optical fiber)

FENgoR AMEE AR Aol o
g7k A2 (©@F 0.1mm)= "¢ 7= ©d5-(mono
fibe) =X, W TFHE ARHE Fe AolE FH
2 o]go] rhsatal Fw Afebd Uls o] &gt

g aIE Azl Folshs Hlel adAdel Avt

(Song & Jo, 2013). FAf+<] F2=&= Ho] Hds
SO, ol Uftell A el A&2Ql Wlo] X
sk FHERE A Al A
A GA e, tHdRe] fElE Al
A1-R-(GOF, glass optical fiber), =2}
SYEOR AMgshs SukaE B4
FH(POF, plastic optical fibe® #H3THSong &
Cho, 2013). <Figure 3>¥} 7o) /9] Sad

- -

> BLolo % e
WAt} = tlo
=2
t o=
o 8

|
B
o
8
©
it

o

23 )
o)

#3500 JH

3
1o

WE N

L5
1y

O

r&=
p=J
5

=
2]
Al

o

o] 4 g avE

21THSong & Cho, 2013). 7]&29] #Ad--2]
el 71Rlsk= W3<] A

7F olelg Nk ohet WA Aojrle] Mg

2 51 BEjoA] $HA|7F A A H T glom R o]

S D = U RN}

st vl dysel AFHL gl ke,
FHZ oRFE AR Ee] deEHE SR

AHz] st ol FARAR] TS Y A7l
2} = A7 FAdE]ar 1tkSong & Cho, 2013).
FAF EH A S8 Al <Figure 4>
2016 vl= S Ml EREE FA QA o
2wl ZEHMET Gala)’ 3JAlel B¢ Selo] gl
Z(Claire Danes)”7} A1%.Q1 JAf =e2olc) T
ZtoH] A 3EZ(Zac Posen) ¥} ol Z(Apple)©] A€l A
Aol Fojglom s AFA|AL MhlAKBazaar) =

3t 7140) ghe zgholeka Fohsgh

2) H] Ar(non-textile) 7]¥ke] W3

(1) LED(light emitting diodes)

H] A 7S] W ol Feo® AR
LED:= =717} ka1, 3wef vl e )7} )
G+ AomA e 108k AlRE oo w 71 A
o] UTHPark et al., 2009). <Figure 5>2] ~EH &
B LED= Al sl Wiy ow ARgE
dom, A 3 AR el whet vt
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Ska tholupu gk Felo] A &
1 857} FUHPark et al., 2009). 01812‘5}%‘
gg3te] Adg fA gaZeo], 24 W Ay
@ At Ag, A 9FAE, ArdAR
o5, WA AR, AT AlA 2 o]y A
H| g F T o] thekdt S8AlEA 71
tiu] 7 ulelld = Au 22 =71¢] LEDE A=
A At E AR 218E 3 ATHKim et al
2016). LEDE Aol &8st A= mllg- ohekst
] <Figure 6> FAIQ1 A2}t Hussein Chalayan)
©] 2007 §/S 715 ¥ Ao 270% LED =
YA £ el 15600719 LEDS] %&3} A9}
EH2J)(Swarovski) TG tAZdolz 743

goi glrt.

o>
1o
1:l:l
m%
?9
o 2

ox

() "Fo]=% LED(light emitting diodes)

nfo]A % LEDE YHHH 02 10~100um T2
2 AlA¥= LEDE E3TE Al Ga, N, P, As, In
9 FIE ARE Alelo] B A 719
ol v RS Skl AlFEE LEDy: E3
Al TR SRS 7L Qlok <Figure 757 2
o] A71E wi-¢ AA AW FAgE 7]l &A
Yo EZA AU E 7 Qe taEyo] kil
A = um o3ke] T4 aAkE HAgehs QA
ME AR FEA Ado] Jhssith wlo]A 2
LEDE Z&3t7] S8l 2F Abgditore] Al
ksl o] FojR|aL 9l oy, ofA w7 R Alyt
Aol tiet 373 7)Aol HeabA] okl
Boje}, Begh Axlm o] Sy S 27
of MEaL Qlo] 7l v ZHSsbE ded A%
o] 2AthKim et al. 2016). <Figure 8> Aok t}
7}2(%%%9%) ﬂ(%?ﬁﬂ%ﬂ wF ATEE &
& AHIEA AFA] qlo] el A% Y+
QU 1mm FAE] A7 HAaZgo|t), 17 ¥ o
e o] YaZHolol: &% W tho] 2 =9l w
o|a% LED7} W= Slek Hol A= 6cn, 7t

10cm®] spHe] st vy TS BAIE 5
Stk

(3) OLED(organic light emitting diodes) T]2~Z-#0]

<Figure 9>2] OLED t]~Z#|o]= & A o],
MRS SR, B AloF, w2 A AR, A
o] 84 5 oY R oE AsA HAF ARgo]
71k Sl FAo|th(Lee et al., 2016). 1#L}
F el wAA, 597, AlY T2 taZgde] 7
T Aol ARE-e] STk ARgARele] A&
Q1 A3 Ago] Qe E OLED tAZ# o)<

AL oJ3d38] A dlofelE 71719 AR A
ol 7 2 g AR gtk dAlol vk
(Lee et al,, 2016). <Figure 10>9] A= J=e] %
2] XEY(Poly Photonix)*lA] A|&st Z2|H 7]
vko] OLED ZHlAE 712 F(Gareth Pugh)7} 7
¥ ZEAlE OLED I Bk AAE AHg-sto]
tARRIEIITE OLED t]AZ o) Tupde] 72
AFLE T QA 23 E2F ol AnlE wjMo||
& 7Fsdhs HolF tianA] Atelolrh

JZirE‘:

JE l:;

(4) EL(electro-luminescence)

14714 =8 A @l FAV) Sk =
A2 wgo] 7hsshH, B3 <Figure 11>3 22
EL g E}QS thefst 27]9f Befo® A 4
tziele] 7Fsg S4do] Itk ELO| 4714 54
ZHlAgo] A3 d o] glvk= A 71944
2 AFH SA0l Zsivhs &ilo] itk o
FHE Ggsl taEeo] wgelE 4 Fa
U(sign) F T3 A7) BAEA], AAGF
- FULAT G SEofellA AREE L
(Kim & Kim, 2016). 2~0}E A9 tE 2]l
&= <Figure 12>% WFEE(Marmot)2] ‘Phenomenon
EL’ Aot} o= 11018 ~(goretex) AA| 8] A3
= A7) 07 vkl pL W do] B o] He] oF

& 2l $jo]) 217} $wlo] glo] b 2.9l u

o &

g 7

lo Flo b

2]

o

>
=
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>
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ot A5 FH= AlelAl o3k ok Au|= ) 7)ake] w9l v] A6 7)uke] vk R BAIE
5] 9] ChPark et al., 2009). AE 2P <Table 1>3 2Tk
W B89 2mkE AU AR YL AR
Table 1. WS B3 AnE mie| Y2 54
2e $ed 2njE Au A= 54
= 1 O
P e Az Ak &8 A
o 27 Fuz 42
Vs
L o g3} Yl ek
PLEC |e #|n]&2] E5F& AT Gg st
4 ma e
o AL 5 F Figure 1. Prototype glowing |Figure 2. Textile under bending
e B fiber. and twisting.
°© From Saxena. (2015). From Interactive Smart Fashion.
o https://arstechnica.com (n.d.).
=T https://www.semanticscholar.org
714k
A
e LED 39S %3l
o 223} A1 uky
sl F3F e Sl el oj@
A o A FHlE A2 | Vs i de
7vs o U2 3%
o 7k o Hlgkol| W= ¥l Figure 3. Optical fiber. Figure 4. luminous fiber optic
7} o From LED End Glow Optical Fiber dress.
Cable. (n.d.). From The Fiber Optic Dress.
https://www.indiamart.com (n.d.).
https://www. thisiswhyimbroke.com
o 2% 243}
o T3 ¢ RGB 7| xde
LD |° g 7oz vk wel LED =77
BT MM s | AR
o Clkst A TRl EF A T
b Figure 5. LED. Figure 6. LED dress.
From Adafruit dotStar digital LED| ~ From fashion technology.
v Al strip. (n.d.). (2019).
L) https://www.adafruit.com https://www.pinterest.co.kr
HgA
7] =] & m
P B 2 ez it A
Micro OE] j?ﬁf 7}_,;#3 of] oigh 3= |l 7]
il [s} A~ 7;] U:]ﬁ]—:’
LED |, Yorst apoaio) fﬂz‘ﬁo] 331
Ag 7 s Figure 7. Micro LED. Figure 8. Skin display.

From TV micro-LED Samsung.
(n.d.). https://www.bing.com

From “Japanese Researchers
Develop Ultrathin”. (n.d.).
https://www.ntech.t.u-tokyo.ac.jp

- m



ST MOIXIQISHS|X| M197 25 (2019.6)

g 2235 AnlE mjMe| x|z EXM

A9 Az EA

Hde A 54 A A
=3

ok, 3jojx g
Zdo] 7 71
pA=17] Ak P
e A o), e

OLED

.

N

opf, & A A

A, A= §84 Figure 9. OLED. Figure 10. OLED dress.
H A% From “Barrier tape solutions”. From Moumita. (2009).
J]ute] (n.d.). https://www.tesa.com | https://www.gadgether.com
A

o FAI7} gkal =4
HZ g 7k
0 |° A7) 9 2o At | o AV wHO] s

s
o A )

o A Y

Ay

Figure 11. EL.
From electroluminescent panel.
(n.d.).

https://www.adafruit.com

Figure 12. Phenomenon EL.
From “Marmot Collaboration”.
(n.d.).
http://www.k2news.com

2. LEDE &8¢t QE{=E|E ANIE mjM2|

A UTHLim et al,, 2016). A Eopo A= t]xE
71=vhe] Ao Al AfFyAe|H] BAES
AlEaka Qlom, JAEHE R S Tk 284}
o] $AQ, F-EHE Q] A, BRI AFUA
ol & deldstste] /& AL A

A oIt ot sor HAAE dddahs

2ntE A AR F31 T wl$ vheksich
0] LEDE T2 Ato] vl 428 A2 A, 3,
33 gAY z2y A w1l

[e)

[P =N :'[:
pom BlE 3 AfuAleldE TS

Ex R hh—1

of & Aelre A AAG A 7IREe]

Ask 1] AR e WA F 71595 Aoy

& Bl WA |0, V)] et BE L V)%

ite] mEeln 24w, 248, 1%, A9

F)e] W T, ThF APy FHolek: 3ol

9l LEDS B3 ARl 71e] Qe
O

£, <ClEHERIME Anfe YEYI L, 177
249 oAl 72 BRI 3 [PResearch
Center(2018)2] Aol W Tlx|E o& 7)<
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2] ANE CAY 9)Fe] §eol w3
2ARlE HXE o, [bdEE tAE ¢
5+, ‘human-machine interactive TIXE 2|5 A 7}
A2 BRIk 7 AFelME olEst 27 7]
o W CE LED ¥E &8% AntE oA
e AREARS AREAY, AREARS) 39 A
of we} teket Rl AulE e sk
QIEHIRJIHE, Ikt 7]5e] oz Jr dg
A1-g-o] 7]*‘5} ﬂTrLVﬂO] o,

Mumalive textile garments; ] F7}2] 2 (lumalive) -
Ao Al gM=E A4 9= LEDE A=
& Adeta, 21 WAIA, 283, vs Ay

= AREARE 5ol wet WY o leE Ay
8laL QlT}. <Figure 14> T EA]F (Cutecircuit) 2]
Galaxy Dress; = 24,0007]19] LEDZ o]Fo]#] 3]
o, AHEE 2x2mm 17]°] LEDE= FolAF gF
I FeKflayatrr. B3k ARpA} 7)o F kA
24 g4A AGHAE g3 wEHY ARE 4
& Egzolnk AguAel A Al AL

R =3
HS HEE F Qe C&dii | 37H4] ZHl <Figure 15> FZPdolllS 93t QIEHE R ~
2 EF3eleh ol 71 And SHe vlE SO 2 "The Sound Shirtyo|th. AI~ER}
Hrslety §38 544 24 FEIIGleH €19l ‘Junge Symphoniker Hamburg’$} FEA]ZIO]
Z2letH <Table 2>} 2T} WA JAXERIHE Agsto] HZPolIES At eAlRER A E
o] thEAQl AFElQ) <Figure 13> 2 ¥ 2 (Philils) = Ml Hols, AR, Belr] FolA ¥
Table 2. LEDE &8% Qe
7157 g
o 7kAIA Alm]g
= o 78 9 73
> da=A Tl
ozgeIHE |°® CLEEL A N e
el M L
oAb mas s | AREAL gofd] TiRIRl | T ' . .
o ARgA} uls) tlxje) | Figure 13. Lumalive textile Figure 14. Galaxy Dress.
237 RT1 O L « "
= ESES| garments. From “The Galaxy Dress’.
o 79 From Hanlon. (2006). (n.d.). http://cutecircuit.com
=e https: //newatlas.com
7157 g
o 7HAF AulA
o A7 7150 g |° %L*éo‘]?x‘ N
ARUANE |0 gu we clafel
7157 .« 5284 o Mg el
o | ® AR oA trRl
o Abgat uEy s | ° i
P ° | e AF8AH B HRISL | Figure 15. The Sound Shirt Figure 16. Ringly.
A7 From Lee. (2017). From Ringly Luxe. (n.d.).
o 714 https: //www.tevonews.com https://ringly.com
7154 bl
o 7HA1A AulA
o HYu A o 73 9 73H
orAR 5 o 7l QFR S ARl
- o A8 o ARgA} Foi4] izl
. Aq}%x} SER 7S | e A J'%X} S5 TR Figure 17. Lumenus smart Figure 18. NavJacket.
A% % cloth. From Won, (2008).
o 7HA From Dillet. (2016). http://us.aving.net
https://techcrunch.com
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A ves AREE AT £ Qe 5% AAME
Zall ool UgE XF 9 LEDE LAAEE}
ATE TR i AlaFlelth 5% Al
ato] LEDS] g ol 4l MRS WghAl7 )=
EJHMAS 1§ 9 ARE-S] W97} AM Y] F
7ol wht s Ethe Wio] QA
, BAONRE S8 QIEJHE|H AntE S R{E
23 U3 A Al 7]RE Ablolt). <Figure 16>
nFEZ ] AHE AMEAL Al TIA A 02 AT

olo

1>m>ﬁr£4mr2r_‘£r
>{<
N
FE:

rr
E
o
u)
1o
o
—A‘E
3!
?T‘
)
2
v
i
iu)
a7
=

o]0tk *P%XM A%
gAlo) A2l dH& 57H4 LED A3} 4744 2%
Helog 7b7] AR 4= 9l o]9lel® AntE
EE& Bl AFEAY AL o)A, A
W 55 AT F A= vFe doldE oqt
ojAFol FAIE I Itk bd BT thaEAQl
AHIQ] <Figure 17> €14Fe] st o]
AA152] LED7} Qo] AbaLE WAIE = gl Al
/‘E*‘O]D} <Figure 18> A~X= OF 9 8203

ggt QIO Neil)ollA] 7123 "Navlacket; © %
GPSE ©]&3ll 27|l (skier)7} AH1 9] 914 W RE
GA ERIE = glow, s s o 282}
o] A5 WS A el welste] szl
Efol He Al*E“OlT’/}(lxee 2009). A7 Al
9] LED YAEdol= dA] £k, il 71 4
H, ¥o] 5] JRE ERI3 T
29747 WE] Qlo] SE0E ME =5
Atk EdF AREEY AFo] sbEEiA A7

B 5o ®AHE e vk

i 57}-X] }\u}-E;ﬁ oHJ

_|

ol

3) LEDE 283 IHE|H 2vlE /o]

=
54

A LED®] 8- Au)A] o]&7to] QIth= o] &
A ARGARAAl AFAo] 9T &, LEDS] 3
| gl Ay Fow dlo] vhEojul= AZHRl &
o gE AR AntE gjdof] FHEE 7]
SAZE ek mebA Ak dEst gl AlA sk o
7he AvkE S Aol LEDE 83 AT
Ho]—ﬁ(‘)k‘(__)__ 7].‘_5_?(4 ?_—_u:]jl]_ /\hj]?(-] ZU%_Q_E H]—;ﬂ 7]”‘_:
4 EAEL Sk A, Ved] SHelM= AR

l
=

o X 171 1A
HEF % 9ok B4, AvA SEeE Tk
g9 eS¢ 7)50) weh A Apsei) 1
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NRSSHE WY, mh o svhe
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% *0“413 Ldef7] f1gtk ol
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A 749 2alS 2 He
g iEalE“%Olﬂw FH e B
XL

HUE

II. Wearable Visual-MIMO
A2Rg B8 Qe dEn
AL MR ERER)

1. Wearable Visual-MIMO A|AE

1) Wearable Visual-MIMO2] # <]

Visual-MIMO A|~81-2- LED wids} 7oz} 71
o dlo]el& FaH= FAl A|l2Flolth LED v
o O QR 2 Sa19 ARe A, 7
die} ololx] AME 7} HAo] ste] 441717}
Ho] The 2719 Slgke @k LEDS] W A
A 91 wrlell Aglo] K891 BA10] FFsdh
ths LEDS} thre] JAS ¥3kshs shdet olw]
A4 Aole] TREAlo] TFs

<% LEA(LED array)9} 72k 712 8418 5
H= Visua-MIMO®l| st A7t S5 52 718
HI’_ ]Eﬂil Visual- MIMO= 55741717} o]1] -

of & Aefoll Ak oht A uls ud
em Akghe] ol F0l g7 Qelef uhehA
=g Ao WRY|E gk ey 1] 4
& ks S E TR Ak AR w7 dt
BE 2 Aol ol Al s sidsh] 4l

3 27 AHE #E3A] ¢hal(color-independent)
F210] 7153t GCM(generalized color modulation)

714k Visual-MIMO A 2~81S 2H8-313ith

2) Wearable Visual- MIMO A|2=€lo] & 7]&
54

(1) Visible Light Communication(VLC)

AnkH o VLCE LEDS] 734 el A
oj#] ok HEE AEAA JRE HUlE 7=
ZSICHKim et al., 2016). LEDE RS HAddhs
S2719] ks akal g8l wef vhEAN A
7]Z+= PD(photo detector)2} 712} o]u] =] A E
Zg3ioitt olE £, LEDS] AR AJHE A
g nE ‘1R AAsty AR dEE tAdg vE
‘0o ddsto]l LEDE 4l tlolHE HEshd
AR A J"17} Wopzol= Hle] A7]e] s}
= sk ﬁPoﬂ TFAlE = HlelE7t 1A
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(2) Generalized Color Modulation(GCM)
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Figure 19. GCM M=tz ofAl2} Color-independent VLC A|AR] JH gk,

= GCM 719 9] A 3k 719 A3
Alek =2 2ERglo|th, GEM Ho

SRR R
ZrelA) Zzke) RS

A
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(3) System Description: Transmitter(LEDs) &

Receiver(camera)

Visual- MIMO A| A~ E1S- 241712 Tl RGB LED
£ ARSI AR e 9AS xdshs Jf
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So] AmabA <Figure 20>3} 2},

(D Transmitter(LEDs)

- Information selection: H*#], AF&-A= éU]-E%
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SR 1A
rlo

HlolHE AdEgi.

Captured by author. (November 12. 2018).
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Information Selection
(Homepage URL)
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Color Coding
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LED Module

| EE‘ -.

Receiver (Camera)

LEDs Detection

Color Decoding

Information Reception
(Homepage Open)

Figure 20. Transmitter (LEDs) & Receiver (Camera). Captured by author. (November 15. 2018).
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Figure 21. 2&2 7M % A Figure 22. A|AB! L,
Captured by author. (February 13. 2019). Captured by author. (February 13. 2019).
1. whol] 7h AHS Uzk & 918] X|Qle yhdtth
Interaction 2. Adpdo] M-S Fow BE FAE E3Th
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Customize design Photographed by author. (January 13. 2019). Photographed by author. (January 13. 2019).
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Figure 25. 2E 3 c|x}ol.

Photographed by author. (January 13. 2019).

Figure 26. 7|2 cC|x}el.
Photographed by author. (January 13. 2019).
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Figure 27. AE3 C|x}Ql.
Photographed by author. (January 13. 2019).

Figure 28. 7|& cClxlel,
Photographed by author. (January 13. 2019).

Smartphone App

Figure 29. AE C|A}Ql = AlS}
Captured by author. (February 13. 2019).

Figure 30. 7| cClxlQl =4{3}
Captured by author. (February 13. 2019).
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Abstract

In recent years, research has been conducted on LED-based smart fashion to combine IT and fashion organically
to meet the needs and demands of the market trying to utilize light as a design material. Smart fashion creates high
value fashion products incorporating state-of-the-art information technology. Such fashion products turn technology
into accessories so that users can express their individuality without having resistance to a computer. They are also
designed in a fashionable way to perform special functions according to the goals and situations of the users. The
purpose of this study is to develop specialized user-centric interactive smart fashion to satisfy both functionality and
aesthetics based on wearable visual-MIMO technologies applicable to LED communication in the smart fashion
market which has become increasingly specialized and systematic. In addition, the purpose of this study is to develop
a platform for customized smart fashion that will allow users to choose from various functions and change a design
fit for TPO. For this purpose, the study first focused on functional aspects to make use of a Bluetooth platform so
that users could choose proper functions themselves according to given situations and goals. In aesthetic aspects,
secondly, the investigator developed interactive smart fashion that would allow users to change their fashion in various
forms based on their own style and individuality by applying detachable modules whose colors could change in
various ways according to their tastes, working on module-type straps, keyrings, and customizable units in their true
forms. LED communication technologies will be able to develop into sensitivity-oriented design to express human
emotions and make a core business in the smart fashion market to meet the four elements of functionality, aesthetics,
interactivity, and playfulness. The development of human-friendly wearable devices that provide customized services

can lead to the creation of new industries that organically combine IT and high value-added fashion.

Key words : smart fashion, Visual-MIMO, LED, interactive, customize
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