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Abstract

The purpose of this study is to illustrate the design of safety suits based on
energy-harvesting technology, particularly targeting street cleaners who must work at
night with high mobility. The design focuses on applying lightweight energy-
harvesting tools and illuminant into the wear. The design development reflects feed-
back from testers collected via survey constituting a key methodology. The develop-
ment process has two main stages. Each stage uses a process of design prototyping,
internal examination, test sampling, test wearing, and wearers’ feedback via survey
that consists of questions on visibility, wearing convenience, and washability. The
first stage results show the design of safety suits with energy-harvested LED
illuminant inserted and the survey results collected from street cleaners dressed in 4
sample and 80 actual suits in total. Improved based on the first-stage survey results,
the second stage designs the suits with detachable energy-harvested EL tape. From
these 5 sample and 30 actual second-stage suits, the additional survey indicates that
this second-stage design facilitates more visibility and convenience in washing and
wearing than the first-stage design. Accordingly, one can expect that this new design
can apply not only to safety suits for night workers but also to handicapped or
outdoor sportswear applications in the future.

Keywords: energy harvesting(9JU5 <] oFH|AE]), night workers(OFZF ZFRP, safety

apparel(9FH 2] E)

I. Introduction

oRttolt} o5 FolA AYst wEASS B4 Po] wBHo] Itk 1
FME 22} Hdo] 94 HAE s AR5 AT ST 2o] K]
Eools EaHdA Aok REASS B8 REES] Azt Fol 9t
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20 ot AJAE A3t oA sh|lAg ZINE bd R AT

Aok 22} 3397 = 53.4%9] Eol= 18170] Al
Aol Sle AR RAIEIT AAR &40|ekY
1,055 A& AR 23k, 45.4%0°) sigol= 479
gol AtaL F¥o] 9ler, o] F 2% ol AlLE A
A% AFHE 114802 10.8%0°] =35+ tHKorean
Confederation of Trade Unions, 2010). o7t 9t %}H]
7F 2ol = ot Fd HA S0 A EHE
B2 olf Foll 7P 2 olf= 71& okt A9
EA™E d2 & 5 Aok FHELS AsAke] FXA]
AGE £9 nBALE T = Y= HE diH A
jo] ul->- &2 djFo|th(Kang & Choi, 2016).
At o= of7k&YAY] kA FEE floto]

3t 7122 AT AREEE AARAL Holx
£ 99 3gdo] glole Aol FEERA] 7] o
ol & =F gl 257171 A Lee(2010)=
Al

WL o7t EoEo 7154 2 A4 E Bt

Ay bH 2719] AL, 149 7HF 7HA Aol B
7Fote AAE BT offt WA 544 114
Qo] AbLL ARre] W]l gaThe AME & o
g STF A E] 7|E B b o
Hoh 52 74 2 7FsA8S 7T & 4 Qi
g A 959 Fea HAE A HEE 5]
o] EH o R AQlAgo] FHE0] ALY HS
£9 5 Aok 2y 7|Eo) AdgskE WA A
L5 QFHEL o Eof A el vt METF
o)&57] Y7o s FEo] FANE HA &
A7t SE= L, wiE g s B2 nA7 71
Sttt

FZZofl= QA9 Z oz TS 5 ou
A& A7|AUA 2 Agsto] o]-8oh= o A] shHA
®(energy harvesting) 7]%0] A|&7Hsgt vl o 4]
dog FEHT QtkLee & Kim, 2014). A =A] &}
HAY 3 7|Ex wiEHE] 2A7F £V B
gt AFoAE o R IS AT 4 QL &
38 {7189 = £Y & doH, I74 oyX
Yoz Apgo] 7Hsst A oz olct. o]Fl 7]
%0| 9o gty ofto] EEoh= 2HEAE9
S &R 4= Ql& AoE AgHt I8 1 &
= FA] Hofide TH BEOR Qs S/
FAZ HAT = e FEAY H24E dolFe

o o

wAgolT

BA0] 2802 A A8 oA shAg B
et oo) BA} 7|2 bHolEe wA
S5eAL 11 olslt HES ALY Wast 9k
olo] £ Q7o) BAL o7t AU F BFHo]
2 2Qlow ols) Aoz 1% Y eHiAe ¢
Fol 1EH] 418 FATAAEE DO £50
UAE A7l A2 st ouA] shlAg 4
o AMQJE WA BHG 95 o 4% A 2
om0 FuA 72 LS B %] o
2 gAIsk ARl 754 FAHE AT
9 9l § ot QARG ot EOHAE 9
3 JBol} of%Eo] ARz 9o S0 Shrjxlo]
8ol 7P ouA sujag AntE fofzAl
T A5Ae A wit,

3
£ES X

J
il

II. Background

1. Safety apparel for street cleaner

FAHCE QrHOELZ 7Rl HI “H|(personal
protection equipments: PPE)2] ¥Z=o] EL3}%]m(Kang
& Choi, 2016), YuFH 02 FAS @5t= 2o
Al AFEEAY o] T2 FHOA ARIEE =017] #
o 2H&-ETh(Kim, 2008). 7] Q1A o) &of gt 4
= AW EA, A1 Y& v 277 <A
7185 2 AEEE ATy EQFFHMIeR
£ 1A A2017-145(2017.1.26.)) A3=Z0] 95|
AT NG AFY AREFFOZ A= o
("KATS Notification, 2017a), ‘T-FAF 234 24917]
Z2(@Z7712R2Y 1A H2017-0335(2017.2.8.))°]
A AR Z7]9] Qb8 A, AEEPH 9 HAIAR)
ol wietd st UTH(KATS Notification,
2017b). AAE, AAZJEo|g} T #*0|H, Korea
Transportation Safety Authority(2017)Q] B 114 0] 9]
Sl OECD 3= tjFE-2 WEAML A] 23} AL
£ 7] 9o AF W vhAREZR7] w|AE o7 ¢
s Yt Aol

[e]

aolRe BuiskY, AEW, AL, BF

LAY IHOIRE A% Solu Utk B4 A
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oA HHiE= PO EL I A AAALARE F2E
o AT, AATIALAE F2FRE 7] FH| o LED
S HFHAE SR Ao E Us & AhH(Kim,
2008).

AW SAO] AR tFES 2ol ofejoA
o|Fo2| 1L, AYPst= AlZto] AHRE QF7HA] o]
07| wiizol|l et 591, Ll w3t HEkge] 11
A2 &5, Z2o]49] WAL} &Y Al WA
st ekaLe] 919l ThHu, 2005). 53] o
o 3 At R e A AN

200 YA AL oI TE BEH O Bl 9)
O H(Kim, 2018), 405} A9 jAe] thet =
o= wulek Holtk(Kang, 2017). o]&3t olfE& &
7Au|5}l o] ZATEA-2 3D(difficult, dirty, dangerous)
Hgolet & & glow], Asle|He] A9t Aol E
A grek. mebd BATsHAe) AYRe AL
Refatol AT B4, WA, WY, 2
Lo]A Eo] THEHA, AFSA QAL vy AR}
E9] AL THAZ 3 QL AT} ALE7to]
LARE 75 o3 of 2Tt tAele BRE Hirt
(Shin, 2009).

sfejo] egu]ste AQE] HARl AHE A
HY, 9= A9 ¢ 552 M=, 7], H¥, #=

s =

2 =0 9lem, (Fig. DAY FAHo= g5 4

Ho
o

o
29
to
Jo

N

- 9891 - 0]<ls) 21
2.99] 2o} o5& YloJH] ZYR 9] FF ol

A, §F Az Ao 275 2851 chFig. 2).
oj7f} of2], FHEX], jHX], FF FE] AARAL
glo| L7} Halw|o] 9lom, A49]9] 5 FEo= Ad
< gl 239 27 QldEo] Qi Aol &
25 AREolAl AFEEAL Hlol g ARzto] A7]A] ¢k
TE AAsHA #ix]sto] 7RIS =3t HlolH] A
= 2 Al LAY A2 AAE9 B4 g3t ok
ZEEol| x| = qlth Y WEULS Fuet W22
=] glom, Qo] £2 ¥ A A9
Aol 512, FEA|, Fote] R AATAL glo]L
7b AHE-E ATH(Fig. 3). HAlok= o] © 1(teal
green)Q] AF - 512] AL Qo PG A A9
2715 2ok, AFARHAL Hlo| X 5jE]e} ofzf 2
2ol ARGEQITHFig. 4). BR[O 2 DAL= Mz,
z7), A9, W22 L= gloH, A¥st 1A}
FY A=S delo E2F i 52} o), 5
2 AAGAL "ol ZE *}—Q;}mE}(Fig 5).

=9l eniste APEL2 7P B2 49 34
u|gtlo] AdE o] Qs A2Al9 sk AYE
20099 7rol=gtele] oot AH, Huds, ==
FAEo] glon, P Adg e Ao} e} 7}
&, O, BEX, 5 FE| AANAEH | =} A
L5 A th(Fig. 6). 27 &A1= o AH 100%0]

<Fig. 1> A street
cleaner in high visibi-
lity waterproof clothing
in Westminster,

<Fig. 2> London
marathon clean up
sees 50,000 plastic
bottles collected.

London, UK. From Moore. (2014).
From Wills. (2013).  https://ciwm-journal.
https://www.alamy.com co.uk

<Fig. 3> Garbage men.
From Oliverchesler. (2008).
https://www.flickr.com

<Fig. 4> Russian <Fig. 5>
street cleaner’s  Supporting the city.
uniform/ Michael From Genie.
Kors FW 2013. (2010).
From Lanalana. http://parisandbeyo
(2013). nd-genie.blogspot.
http://forums.thefash com
ionspot.com
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<Fig. 6> Street cleaner uniform (winter) of Seoul.
From Seoul Design Headquarters. (2009). pp. 57, 67.

EY xZo| Z2]oAHZ 100%<] PTFE 3-2 PEEE
o] 2plyZ gtujdlo]d =of Qirh. Wu] o= &
HAAHE aA o] FFHF oo E 5245, 62245
&-oto] thololddst L, -2 ETjo|AHE EY
A, HHAME o] == E32] 100%2] 1S06330 AJFH o
1003] AlgF 3 3=} 100R, ©]AFS] A H-S wk
A2 E AHESIESE A 5HAL ATh(Seoul Design Head
quarters, 2009).

rlo Fu B rlot

2, Energy-harvesting

Marketsandmarkets(2017)9] 2|4l X Ao wt=H
o R 5}H|AE(energy-harvesting) A%} HH= 2017
GRE 2023714 AWt 10.62% “gste] 2023
7HA] 645884 E2jo] o]F Z O R JAEH, HT
A&7FT M oy A gE7E H AlAl9] 3EE
olfrE Heaw HL ZPT Qlrt o A] shH| A
B2 YA HEHAAY 2REE UAE 2
of Agor M&Este 7IEE, v, &, =%, HY
59 AAoUAE A7 A R HMEsAL ARgo]
U =2/uEe] Mg, Aol 28Y, AsAe HE,
WS A 53 Zo] FHoA HHA = ovAE A
71og A2 Asksl= 7]<o]thSuh & Roh, 2017).

7HQ1 FAFA &2 AREE = QP ELS Her|&9]
AMEZ B9l A7I= FEEE AlFol Bou, oE9
E44 FAL w9 FA7F 488t Z28=0]
= 497 Widisie) wiE g 7]&9] W] wet by
B2 9= B S7FsHAIRL, wiE e 8o Aok

o= Qs 4% F7Ivet S sfof she 2A1H Ol

AUt oo sjAHor A EH= Zo] HZ ol
E35t o A] s AE 7]<o]th(National Standards
Coordinator, 2016).

Suh and Roh(2017)9] -] oJstH o Fof A&
7Fsgt tEARL oldA] SHIAY WA= A oAl
72 A WA, 8-S 7ehd ddsker SAsE b
e 245 Z83 A (piezoelectic)y} F WA, &
TV} o] & o] A7V} S 2= GA (thermoelectric),
Al RiA, 4 5o] 1olvA Y AA7|oE S5 o
A2E WEU= 842 o83 ZH(photovoltaic) i}
vl WA, e 3 dojue FA7E H7=Z H
= upEbA 7] (triboelectric), TR T O.®2 A F4 3~
300kHz9| AuhE EZYsto] M7|2 vl Axp7|u)
(electromagnetic)’} 2 Z-&F o}

7Hd7] W& offstw(Carnegie Mellon University)
SHYEo] ALt & TY(sole power)y= LAL o]
&3 SH A" WA o=, s 7ol A& 2
Aldho]] Zb 31 SF5 4km o4 AoW WEES SIF 5
Ot AR 5= e AZIUAE €& & UTh(Fig.
7). BthE(Vodafone)Ate] G0 & L5E= A7)
7] =] EA(power pocket) Al E] 2= HFolut &
gl ABIIAE W A7) vhEE AL olg
gt AA YA R A7E FAFeth(Fig. 8). BH| &
3] 7] (Tommy hilfiger)2] ‘&<t 3+ A Fl(solar power
jacket) & FHS o|-§3F YA O 7, F FEo| F2H
FAT B WidE A BAsto] HgHol L
£ Xo|gHd oA E tE ExujEY =& glo]
FoiEoly USBE AHESE HA7I71E 34 5= 3L
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Energy Battery
Harvester

<Fig. 7> SolePower: Power by walking.

From SolePower. (2013). https://www.kickstarter.com

th(Fig. 9).

FQF AXZZ(Kolon sports)?] ‘o]zl ]
(lifetech jacket)2 Wl H7]& o]-&sto] FA|A
Z2Z GotAY Ezo] AT F 9] AgollA =
RO S AL, & A7HA] 2159 Aol o
skl AAE fFASH: A HAHCE sh= AlEol
(Fig. 10)9] o] A Eo= Axd LEAE o83t
FAQ! slEA(HeaTex) S g Wuof 2-85H3
o], s|ElAE P& 0|85t 35~50=7HA] U
o] 7hsdt WA TIAE, oj7fo] B3 9 "yl
ol SEYoE A7} HHsto] AnEE 9 7hdet A
A71718 AT 4+ UEE IS v =4
Al(drexel) t)sto]A] 7HErSt ‘Knitted Wireless Power
Harvesting and Storage’= FA}7]|1}+E o]-&3F wWh4] o
E 29 45U A AR A= dF9 e
9] A& sto Qfojuo] FupoA YA E EH
o 4 UTh(Fig. 11).

¢

fr ik L oo

<Fig. 9> Power up with Tommy <Fig. 10> Life Tech Jacket.
From Kolonsport. (2015).
http://www.kolonsport.com

Hilfiger’s solar panel jacket.
From ExoticExcess. (2014).
http://www.exoticexcess.com

- 9319 - o]¢i] 23

B e = i - )

<Fig. 8> Vodafone’s “power shorts” use body heat to

charge your cellphone.
From Chua. (2013). http://www.ecouterre.com

. Methods

2 A9 S o2 . QP E] A
o[t o q ] stHAY 7|ES] 2 A, a8
2 flote] A7 Q=38 Eokel AU s 27
o, Az o} IFHE o] Ao gt A-E AdPst
, R AmE AAs A7 =88 "ollA
Az A AT ES Qelse] FEe]
Aot o4& Fxe fAlE 19A light-emitting
diode(LEDYE &3t g+ 4437} 24 Electro-
luminescent Tape(EL H|O|Z)E AR &g EHp
Hgoz o] st

A7 o4t 9 7I7HE otk AR B 2EuISHele)
oFH R FZE o7 Sl 20159 10€5E 2017
A 9U7MA| 2WZF 1A 9|4 LED 3H 9] 2-80]
Bolt A&l JE] FxNES BRE AL 4
d, #Ql 808S AZstL, 2eHA oA = 28 HolA

o

Q.
9]
Zo
S|
R

Rl 3@ M o

Anienna abs signal and i -
ol energy 1o ] ' custom pockst knitted fo fit
| on-chip circuifry and connect
1o both antenna and storage:
device

<Fig. 11> Wi-Fi power harvesting.
From Drexel Univercity’s Center for Functional
Fabrics. (2014). http://drexel.edu
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2 oW AYAE I ofulA ShlAT AU Qr)s S BBy
FHL T A AAE LS BEZ BE S TAQY kAelBe] g SHHY HES PP
W, w9l 3088 WA ehaelEe] FAEE o] A2 W AHAWAY A ol FolchKang & Choi,
UA] spAY YES] RANE S U & 2016). FFAB AL FuMoR AYT FF 2
A Asta, A B AHS KOTITI AFA 29, 04, d=g sl 7] fizo] & a7
TUo] NERAL olFelol F%, T8E, BaE, oA AR bHjEe] Make W Az P
B 52 BAT o] hojEo] A%e A4S ANz ARSI, BIE ojglolx A AL
ARt Qito] stk ALE MEEL A% Heolm WA AgE oA shlAY FAE
175em, A% 65kg WAt B Ho| PAES A B WA AT 4 9] GRol] A Ao o

StaL, o173k A5 At 27, AAF 29 et A
o] B7hE Eof WA 9 BEd yAlS A5t
A 44 dale 2 el Bkl oheleld £ R
& 1ANA 1045 (A ABT 767, AlEA 28
), 2ANA 17678 (A&A /35 807, ST 68
11"1 189, A 12%9)9] dd egr|stede
o= XﬂﬂoP oA olES HF3T To] MBS X
, 2016 293} 2017 2] 24 zuoﬂ
NS Aodet A2 AFRlE 71-I”l
off jFste] Y L9 AL 1%74]011

[¢]

st
_E 31.9.
=2 m

].

ol

Eﬁ".:o?‘:‘;r‘.:oﬂoﬂrl
I'o>~

rTS

A *év“:OH Hofgt A9 9] SHEAEL 2HA AN E &
As1A Aol G, 2ANAE LA Fet
FAGE FFAY A Fo] 71t oA &
RS B bAE-S g3ty 33 u|s} 2
o] TaH ol ZAE uigsto] & gt oA
< FEslt

IV. Design Development

ouix) shl Aol 485 SN QhEolE S
AZe7] giste] AlQlT AHEHS
A, AR, aAe] At oA
Fz9 QPHOE MR 12T A
QuEo] Pat vl sk oA shHls
Y AL oY) 714 A8 AOE, ol g
A £FHIe] met o8 ool upaFelH ot
A7 A7) HHRel Feo] olUXE BT
Ao AU Y WAL H4YAS ehag
B 21§ BEAZI0] ol Ak, AYNEY BEF
ohE|UAE el & g A, E3 8ol

d

E

He TR shAY wARe} wYnol 22K o
2 2 04 ARYS TS O AKoE we
CERELT )

3} Relsh Solsfof gk IRAGAE ofuix] s
2 wazel wRRsl A J|ES o2 419
o= AAstal AR skl Ee] dE2A 23
£ Wtgsto], 2 A oA o E ERAg o 7|3t
A THFig. 12 and 18).

1. First design step
1A o M= AR/ QE O] E:
e, o7 SpE e Tila) oA 3
W2g 7|27k AE ohdelRel tapel Telm of
7] sh|ago] HggoR Frhe RAS %Y
7 et 219 A FHoR Sk shdolRg
)8 ARqL 720 AEA tolsakele] 9 F
s, FF 19 Id=/dloln], FF A/H|o]
v, 933 11 42971, 3% 1Y d2/FF 2
Axe] v S 48 ALt BAvEY
o AN 2.0l 1 AR B, Lof, oA Skl
L oRe Mg vjAste] YISt ol Uy
of A 71770}53 LEDE 3t glo| =g =] 2
ol ARt A% uA sHAY e =
ZEEN] 271XE A5} Light-emitting diode
(LED)= “&3jttol @ =ogby s, &gfo s At
2 e o) MR WA 242, o] WA
FEE AN o|A] Z&o] Fot ofF 7HA] L= A
S Hth(Lee, 2008). 122 7?7t FEl= LED 7]7F
27j0]l e PVC FerTt Yot fadol 8
oA oBol FHsHr| ool Y= Foz Wit
Ho], SeAI ezt 4190 4] Goldt PVC
2A19] Hlo]zo] LED AFE HIATt FHE 9
2o ot W WHE ¥E AAHSHATHFe 13).
JIAY] FH PO QIgh up YA E #7] oy
A2 AR ouiA) AT |2 WHRE &
=]

ool BEA $2o] 9 HHE siefol At B

=)
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High visibility color design Loss of weight on fabric
neon green yellow+navy Reduce the weight gain when
neon orange+navy : color material attaching energy harvesting
neon green yellow+khaki devices
neon green yellow+ neon orange

energy- energy- Detachable design in which the
Tape type light emitiing device with LED harvested  harvested e gel':)e'aﬁm n‘.’e"icedis MeCEE
i ] ‘ i Kit safety suit into the elbow portion and
Two designs in which the light emitting 1 connected to the light emitting
device and the power generation device through a tunnel-shaped
device are connected patch
<Fig. 12> First design step
| LED illuminants LED illuminants
Voterepate mm\g
- switch
/ PVC film strap
/D o /
/(
Trboelectic
Harvesting Part
\\ energy-harvested
<Fig. 13> 1% main product design flat sketch
R AFHE AHS Avhe] eFEo] HaFH A A SPGB FRO2 A 7

o] HHE sho] widstlct. AZH F 79 A= o] et g A= Huh Fgske a7t A
HE ARz A=l ZAE dA Ad 4 J=F 1L ! %iH FAS7HE Btgste] 71E 2419 9
Qrshsict. it o] A2 o RAE AN u, . Qo) FFL 2HekA, o] st
4 ol 98 e £390] Al AL S AYH T 4 A oot el AL 24
YBER WA, o) 220 ITE WEC B of Asn MBS ANL APk AHE A
£l LED H77F HeE PVC go|Zrt 449d & Z FolA 712 é’l. w5t ofy e, SEo] Tt B2
UEE FYrh(Fig. 14). 9] 7154 Folske 49 59 Fdolg
I £ (laminating ﬁlm)—g- BASE 228g/m? 9] Z50|
249 UdE 248 HhelRo) on aY2 4%
Stk 12 W] A Eelol 2 2 (polyester)
AEO rHlEI} ETAHE FFO R o]Fo]A )
o % 3lgm* o TAS ZHHAL}. YuIg A
MEE S AH S o F=8A & 7 &
o AHIZ 100%2] UE 329 E2] A (Fleece) A=
tiqste] 7]1& S5 14%4 AZ 270 FH231g/m’)
B} 30~70g/m’ 7}eF 7HEFetAt. E3E AA] 7o)

-l)l' rl-N

Lol i

Jl

<Fig. 14> Development and testing of

LED tape secondary model. zalo] HAH 7]&0 BHE 5,000g/m” - 24hour
Photographed by the author. (November 4, 2015). Ao A s 71535k FA QE-L 93 AAE AR
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371 919l B

= 28E

ot AP 9T oA shAY 7]

Bl 71&9] A EY &
2250l 10,391g/m* - 24hour?] AZE AFR-35to] A8 S

RN

_g_-o—oq o)

EE

wAgolT

Ao} oulA) sl TR
ALtk B Qo A2}

S HIl GRS AYottH(Table 2). AA| HE AN ol olEo] 22l TEY3} 7]
AAE A BET BAA, P2 LI GAES  F 52 2ok, ARRAE ol HFE vl D2
<Table 1> 1* safety apparel sample development
Sample 1-1 Sample 1-2 Sample 1-3 Sample 1-4
Light
condition
Dark
condition
Detail

<Table 2> Comparison of the characteristics of existing fabric and developed fabric

Existing uniform (Seoul) 1™ fabric 2™ fabric
Outer cover Lining Outer cover Lining Outer cover Lining
Weight(g/mz) 250 231 228 180.7 223 180.7
Vapour permeance 8,069 10,015 10,391 13,941 6,403 13,941
(g/m” - 24hour)
Thermal insulation 27.7 534 13.1 382 29.1 382
rate(%)
Mixed rate(%) Polyester 100 | Polyester 100 | Nylon 100 | Polyester 100 | Polyester 100 | Polyester 100
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£ (Table 1)9] ME 1-13} 1-29] e 271A 2 AAs}
Aot 499 AL F5 80H2 HERAE Yot
o] et AlEAIQ FAHSAEANA BFE A

1A QbH & gt HERA= 10479 34
oSS AR APHJoH, F 7HA] wjA 9] ¢
ApQ19] A|Q1Ago) gt 2AF A, 59%2] SHA7F ¥
I d29-vloju] vjA Q] tjziele] 1 ol Hrhal §
ottt KOTITI A @A A A Ao A A FA
= ZAEASANE EFot, SEAEY 4% 7]
£ AE oy FHoE A4S Yok ol B2
TS Al F7Hd o’ 2 F80F ta
HEshxl 2o g Qls Yo Z-2 SHo] YAH
Ao FEH o] 204 AR JfdolAl= grlyold
&S F7IoHA] 2ttt B2/ disiAlE 38%9]
SHAEC] Holuth= 9JdS Blom, 52%9] &%
A7t 71E AEF vlsoitE 9dS B t(Fig. 15).

o] B0 gk £ 70%7F Tt
Z9hal SEEIAA, 30%= A 875 ATHFig.
16). T2 X E QIS SR} 467 5 37Ho] A
AT EREE 99X MY HS AAIsHATHFig. 17).
A 9] g1 gt E2olAE 92%9] -SEAF
gk, Agsittal ot on, ol Fof A= 7t
o HFAA Y ARl gk 2H8ALe] 2 SR
£ ST 4 ATk L LED M+ fIA]7F of7A
FEo| 9l7] mio AZlFog RgAagr= AL
Hrgste] 2@ A oA = EA 9 AEE wASHAT
ETE 56%9] SEATE WA AQATF & B
o g=t=lo] qlo] A9 2A e offgo] Uth= &
9 A7) g ] 294 "R 7oA A

10%
unsatisfied

38%
superior

52%
no difference

<Fig. 15> Evaluation on heat
insulation compared to existing apparel

Aot - 2.9

<Fig. 16> Satisfaction for
LED luminous device location
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7o) 9AE WA

2, Second design step

@AM 19AE A&t 22 AEXRANE
Zlvto = 28R oAE Wt AT vt R}
Ql, YR A5 T A M= a4 183
ogz] stHAY X7 £ejd Qt
9 a AA ZE Al HEAGS P da] S
FHOoR Sttt 19A o] ARSI E LED X%t
PVCE 4% WgA= Zdol7t 4ol wpet Ho]
OFsfjA]i= @o] UEt o] Ehsr| fiste] LED
4l Q3 do] HAA AT HrE E & U=
Electroluminescent Tape(EL E|o]X)E &-8-35}o] B¢
22 UEL ofyx AT wARel AFsio] A
01-& FAFAI 7] AL k. Electroluminescent(EL)ZF
nto|lA2H&st € £ FBA A F Y A=
Atolof 7]o] = HWHS A 22 AFVL 52
W FBA JA7E 7S WESs 98 E LEDE
o =2 HUE 292 ST, FYsty Ruge U
2 U&= & o] th(“Electroluminescence (EL)”, n.d.).
1A QFACIE 7Hde] thgh AE ZAblA SEAY
81%7F Fdotal 42 PR HIAAAR A
- F BREE UEhT] gl olF whsta &
Hod TS AT 7HAE gE5S AlFstr] AsiA
Ja 857 "ot Agro] goldt Ex o] WPz
o APHES] P2 HAQ1S 7|85k A tHFig. 18).
12} Qb o) ikt A|2ko] AutofA ke HgH-e} o
HA sHA" TARE Fuolu; Avfjel 22 o5
TAAEE AA ] Ere] F7hE nhAste] AFdthe

4% legs

81%
abdomen &
back

<Fig. 17> Recommended location of
luminous part in safety apparel
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Five color designs
with wearer feedback

neon yellow+navy
neon orange+navy

color

energy-
harvested
kit

Tape type light emitting device with EL

Replace material that illuminates light
evenly than LED

harvested
safety suit

wAgolT

Improved wearing comfort

Development of fabric with

material improved comfort when worn

energy-
Harvesting part p Move to waist
Light-emitting part B Separate
design in separate vest or belt
form for easy removal and washing

<Fig. 18> Second design step

A TR YA AR ARl o] HA7E R
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A st &Y AR g2 YJo] gol uhEouA] g
H7F 29t &l A & BAIste] AlEStit
g 2719 ZR2EERIZ 1RFolA oA XAh
g a2 H gaRleoR Azeigon, WA
Wiol Sol7= A9 dol7t dojAi FAA =
o FA7F S7Fstol AEAl EHSIAL, A& 73
ol FFe SAdo] Lol A2 Bold = A5HH
Aoz Ut 23tz et ieg 2719 e
EEHS oy} FiollA enket vakz W27t 5E
T2 ths gARIC R, o7fn Fi29] Z2UH
WASH7] Ysto] Fmo] of7folA Wars 17
2 QrE AHYsty, oY AX 2= HEL do}
UL g7] HefsHAl ot g HEE dHoRe] &
o] 2¥og ¥F 7hssta oo uEt ERE 7t

o

1]

mo

| A8 7Y 5

P
HE T A

of

SE

ir

Bt 71E0] 245 Y SolA 9% uE 1)
of ME2 tAIet mA 1Y FFse et A
3w 27)9 MEQ] % glo] Dok A0
o 27}4e] ZREEUES AR B A3k W %
7ot wg eS| R e e EA0] Y1
W WAS 2ge] BHsht 2ES Aot wet
A WY 2719 MES] £9l semo] TFRES A
85 FHS] e AvE AL Aesto] A
o g9 BUFL H2okstrkFig. 20).
1A HE 24 AN 52 A% FE D
o FA: HEASS 4AL Wgste] T
£ A8 HAsison, 2840 dord o

igiﬂ

Qstol Y FY Az 90} B 0AAE F

2 5, 9o ok PRl lolu] WAy
g3tol 7149 WES DA RE A
Al 71 EAoR FEQ YR WY 27]
7R3t TiAele] wet W MES B

o
%@. T A== SFRATH(Table 3).

ijlm .
loiﬂ

Jzﬂj_t_pi

D10l mo BN

<Fig. 19> Luminous vest & belt prototype using EL tape.
Photographed by the author. (March 14, 2017).

<Fig. 20> Inverter inserted into the back of
luminous device.
Photographed by the author. (December 17, 2016).
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<Table 3> Characteristic of 2" sample design
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Sample Characteristic of design Type of transformation
* Selective wearing of jacket and vest for weather change * Detachable sleeve
Sample 2-1 |, Use of reflective printed fabric on jacket body part * Detachable hood
© P ] Y P * Detachable luminous belt
* Use of knitwear rib on small panel parts of two sleeves for more
activity
Sample 2-2 |, Place navy color pocket on front-bottom part vulnerable to Detachable hood
contamination
* Place navy color pocket on front-bottom part vulnerable to « Detachable hood
Sample 2-3 contamination * Detachable luminous belt
* Use of navy color on shoulder part and hood
Sample 2-4 * Place soft reflective fabric on shoulder with raglan sleeve design | * Detachable hood
P * Use of reflective printed fabric on jacket body part * Detachable luminous belt
Sample 2-5 * Use of navy color with cuttmg 111.16 on front-back of body part and | Detachable hood
sleeves vulnerable to contamination

AE 212 &0, SPBE] IF o] 53 o
Aelog Ao arjeld BES Mz At
4012 Hold A9o] 272 B§ 7Fssh A2
27 Y2 AHHoE 24§ Hsaty] o] A
of wistel the 7Hsabel, A Bl okzt S
Tstel AARAZAY AT HgdtAch BE
2% 2 avle] AL g HES UE FRAS A
g3to] avle] BEHS F7HARCH, odo] A
3 gt shgro] yjolu] Feio] RS WiXshedct.
WE 232 WHBE| RAo] Fpsaka, HE 22
o Wi} ARl 710 Bk ojfet FEo] ]
ofH] AL F/KACh. BE 24 UFBEC] G
o] 715317, A2E 28 Pl ojo] RE
He AR Aere s, A7) Bare] A7
S A ASFh AE 2.5 99o] Hop
3 B oF - Hao SR} Avlo] sekio] F
M4Z ol§3t lolH] Hao] EgolchTable 4). 57}
9] ABO) A% HAES AR Fo AR ek B
714 Al91o] 1 3 28] Holutm, Ut
Q9] SH4o] VY FEHA Aoz BAR ME
2-4(Fig. 218 B4k 2897 AR2AE 99
B8 HE dRloR At

EERES 9-010}711 ahe E7140] ¥4 gk
1% EEAL AL whgste] Weto] gujdlo]y 2}

A2 ZYohA] ol AL M-S A8t &

oAHES HHo| HAdS EHT 4 Sl 7|2 ¥
&2 29sto] 134} FdsHA AEeE A (223~
224.6g/m*)E E4E 5,000g/m® - 24hour 04+ 27

of g JEstATH(Table 2). AlHE= AARALY

glo|Z= 247 Wilsty =471 wwol &l 4
e FHE 2ot TP S50 EHEES =2
o Atk 1219 oFd OB b= thE2A ¥Ee] TS
Al&Fsto] Rt 24 o AARAF Y AAE
gYsto] Hro] B4 glol® ojF9] HHoA F
o] AUZ ALY ARIEE FET & U=F St
(Fig. 22).

2 FHOlE TRl ¥ 7|5, 2HEH oA o
S AERANE F 17879 S P|etS td o R A
= et T AISAL TFAI9] A oA AlF
E9lom, Axt= (Table 5)9F 2t} %111140] =z}l
o gt Hrh= SHAS 77%7F 1SS EEF o,
A% A FolA LREAQ 2} EWO]HE} oRRE
of AR =905 A= HEH £BY "Rl
o] WEAY T 9Ho] UgTh

1A 9] E2AA U2 oAS vhgsto] 715
o o= 2HEAY] Qo] wet gRAo] 7ot
g HARISHIL, SEAE F 65%71 &40z
G A0 HHE FFolAE 77%7F 47 F
do] A=A SHA ol & Yol B2
OJAREL] aA7F RE YA HskAL 1A 23
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<Table 4> 2" safety apparel sample development

Basic + detachable sleeve Luminous vest + belt Dark condition
Sample \ ‘:.
2-1
ol | .
o N
Basic Detachable hood Dark condition
Sample 7 l
22 | Ak z I
- — wl -
Basic Detachable hood Dark condition
Sample !
2-3 / ;
jy— e
- il o o
Basic Detachable hood Luminous vest + belt
=
Sample
2-4
(main
product)
Basic Detachable hood
Sample y ' {
2-5
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Lighting Part |
EL tape lighting

<Fig. 21> Flat sketch of 2™ main product design

Y % » 2 3 Y [/
y § . - 2 2
W, P
PY w . » %
% A ‘I-Lv . S— -
y X » & g 9
ol s ot -

<Fig. 22> Retroreflective printed fabric

Aol A BEehe FUARE Fulvlold BEZ Al
Astil, B2 FAE gt 7% 29 1Y) of
29 Ao g Yehgth B T 58%2 &
A7 71E00 AXAOA BFEE QHH o Eo] Hs)
A H2/do] A AT g3k

Ao Bek E¥OlAE 84%7F A obA
g GHof| Ego] HAtha L, 61%7}F LEH9| 9
A7k Agsichal SETh 1949] &9 AYP
g gRAPoR fARIH 29A QPHe &9 W
2719 WY FEO] -8 HolAo] B3t FEoA =

SEALS] 76%7F 280 ofE o] flor, 56%= T
FER7G EPHAES 2Hgotal AYsie EHdol ¢l
oAl i R A O] @R 7502 AlEt
He7h golsiths S8 AAY 67%F ZAISHA
o 29 Aol M= Bl weh 52 o) gl ot
g Agor A8 4 s TFR7|9} WPE
E9| 714 FE|E A&t 44%2] SEAE E
SFHET 285k e o Asstylen, 33%71 E
Fx7R Agste Ag AL YA SEAES
T 7 BHE 2R AEshs AS 9tk
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<Table 5> Results for survey on safety apparel users

Aols A

wAgolT

The overall design is more refined.

The detachable hood is practical.

70

The fabric quality is better.

The heat insulation is better.

6 16

The luminous device helps in securing safety.

The location of luminous device is appropriate.

E 79

8 7 41

No difficulty in wearing luminous device.

No inconvenience to work
even if the luminous device is worn.

8 13 49

10 27 48

Washing and managing is more convenient
with detachable luminous device.

The preferred form of luminous device
( m belt type m vest type m both ).

=

m strongly disagree, m disagree,

V. Conclusion

2 ATE FEAC] Be 4AS S By
=10l
TE==

S P2 o3 44 /12 9 one) K 22 A
2 Fof tlsote QruoEe A, 7
Q 1A

A ) TRkl A 9 2]
e 74?# 3 %u tﬂum 2 oz 4re
2 Qe 2 59 pLat o
o) qhiojol HloH A9t gl
3, At Zgo] Welsieh: 2 Tl
PISY we U U

30, AN % spjagoz
SHAE FEATIE e Ad7Fse Ao

2 480] Fsstel, Wl BEOR AT U
QHAoEe] Ghe Fuste] otkQIAtEelA A

neutral, = agree, W strongly agree

ARl =25 € & At ool 28 7hs gt ovA] 3t
oy g 7| Es 3gATE S0 wEjeh &
o] WOl S e TR WY bdgule] 7]
g oj=o] Hgaisict

E7), o2-g 5 oA st~y V1) 488t
2 et B FAS 2AR el Fds
Sl Aol g HHT A7t fAHolof st A
%7 8ol AR s)i50] FaEA] golo
3ith AL &2 A] AA|F &Z o] wky o
£ gol 7] v Y7} e o]
shil2g 7)712 Qg Bl g Hetst 3
M3 aA7t BRolo), FATH] S44 Y A
g sloF b7l w2l Ao S Ak oAdA o
HAY HHRet BRI SRl 2EHES Xe
oko] Ige AAHoF gt

A, 710 AU olRe] tiAelwt 3
o] FastHe AL L 4 Usith 59 Bty
249o] A92e o}2Eo] o] Aeo] tizteld]
HEETL 52 A4S Teste] FEATAE Pu
o2 o} BTHERAE 5ol Aokl gl B T
A910] QLA oj%e] @157} o] ol thel Qoo
wasl] 2T + AL Aol
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