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The Classification and Investigation of Smart Textile Sensors
for Wearable Vital Signs Monitoring

Eunji Jang and Gilsoo Cho'
Dept. of Clothing & Textiles, Yonsei University;, Seoul, Korea

Abstract : This review paper deals with materials, classification, and a current article investigation on smart textile sen-
sors for wearable vital signs monitoring (WVSM). Smart textile sensors can lose electrical conductivity during vital signs
monitoring when applying them to clothing. Because they should have to endure severe conditions (bending, folding,
and distortion) when wearing. Imparting electrical conductivity for application is a critical consideration when man-
ufacturing smart textile sensors. Smart textile sensors fabricate by utilizing electro-conductive materials such as metals,
allotrope of carbon, and intrinsically conductive polymers (ICPs). It classifies as performance level, fabric structure,
intrinsic/extrinsic modification, and sensing mechanism. The classification of smart textile sensors by sensing mech-
anism includes pressure/force sensors, strain sensors, electrodes, optical sensors, biosensors, and temperature/humidity
sensors. In the previous study, pressure/force sensors perform well despite the small capacitance changes of 1-2 pE
Strain sensors work reliably at 1 kQ/cm or lower. Electrodes require an electrical resistance of less than 10 {)/cm. Opti-
cal sensors using plastic optical fibers (POF) coupled with light sources need light in-coupling efficiency values that are
over 40%. Biosensors can quantify by wicking rate and/or colorimetry as the reactivity between the bioreceptor and
transducer. Temperature/humidity sensors require actuating triggers that show the flap opening of shape memory poly-
mer or with a color-changing time of thermochromic pigment lower than 17 seconds.

Key words: smart textile sensors (Z=FFEE] 2B} AIA), pressure and force sensors (F2]41A), strain sensors (Z=Ed]
Q141AY), electrodes (A=), optical sensors ((24141), biosensors (H}o] 2 AlA]), temperature/humidity sensors (24 E=A14])

1. M & Cho, 2019).

glofls AANS BUEHS 283 Aejollr] AEH A

71+ 01 Oﬂ%ﬁi OLH‘L 53} o] Rl wet 7t ARSE AAZF Fse ZA0R A HFA17]% (Information
o Al =

o E AN E FUE ™ (Wearable Vital
Signs Monitoring, WVSM)& $]gt A71 A AlAH o= &t
3] o] o] Ath(Jang et al, 2019a; Kim et al, 2019; Lee
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and communication technology)} 43571 (Textiles technology),

A7 (Electronic technolong $3to] Fasi) Oizﬂ Sis
A s AR S E HERto 2 3] el o
2 ofsks AdsA g & slen °”ﬂ}°]—°‘ o 71%] 2

S Aol wEA WM 4 AUrkSprogis et al., 2019).
A AofeE AARS BUHH-S 2vELX](Smart watch)
L} ZrE )R (Smart clothing) 5] #lo12]E tuko](Wearable
device)E ©]8-3to] o] Fo AL Ut} o] F YIHEE 2rlE
o= AR 9] A& o FH2H4 (On-clothlX] o] Fu 7]
(In-cloth)© 2 BPHE|F $1Om(Zeng et al, 2014), 2873} A
ek R ZuELRE QsiME gl2Ed 7
ARG 0l 2ntEE e} A (Smart textiles sensor)’} E=
B 94w Tl drt ol A71K % AE (Electro-
conductive materials)E ©]-8-3} e-textilese] HENZ A|ZH o
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UTHJang & Cho, 2018). EAl, ZrlEEXERJAIN A 7|&
& olg %7] Gl WEE Qo Ae- A Aol Fey
7] fsiM= dojok & 714 |7 (Technical necking)©] T}
Wk ohug} olo] At s B Rl tig AvF AAIHL
2 o|Foix|x] go} 7z} 24v)go] AA flo] AhH oz )
Lo =4

old] & FAME LnfEEZENIAIAM S N HEs
galal EFFo 2N LulEE 2l A3t o= =
oz}t Ty TE A Ao wxE FHze| Ak gl
Feol 7 B AEe] % ATES FHOE AE, A
W2, A T W UeS 89F AAgeZA B Fofol o
T 2 7] =gl € 7IRARE AFstral s

I ox
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2. AOIEEIAEIRQIMIMO| THY

2.1. ANPEEAEIAMMO| Hof
ZuEE 2R AN = A A, A5 59 g2EdS 7]
o2 ao] 78E AR 7158 TS AN FER
TAE Ag Lot F, 92EY e BA4E fA8HEA
71AA, G4, 314, 714, A71H A5 e QR A=
o] B8] &8 #AslL HAEE 4 = Al (Sensor)2] A5
£ gt} ZntEEXERIAN =
textiles®} electronics®] &/d1Q HIAE 242 (Textronics)ol| &
SH}(Rubacha & Zieba, 2007).

2.2. AOIEHIAERJIMMO| 27

ZuEEAERAME FATdsY, deTx, I W3
A WMAUE Tl ot £/ 5 St

A, 2 e wEhA] 454X (Passive sensors), &
BAA (Active sensors), Z=2~PFEAIA (Very smart sensors) &
Al 7R Ya F dnk. 2utEE 2RI AN = A7 (Sensing),
o Z=of| o] €] (Actuating), ZZA/J (Processing)ll w2} &2Fsic),
FEAAME IHAES A7 (Sensing)sl= 2T 5= Al
Mg gat, S E IR RRE ANE A5 o
3 AFollo]E](Actuator) 715 FHI= AAE 2
VEAAE R A B g8l ulet A, HFeold, =
ZAE 715E AEHes WAIske AME el 22wt

Table 1. Classification of smart textile sensors according to performance
level (Van Langenhove, L., & Hertleer, C., 2004)

Passive sensors Can only sense the environment

Can sense the stimuli from the environment
and also react to them, besides they also have
an actuator function

Active sensors

Very smart sensors To adapt their behaviour to the circumstances

EAXME St D] 30 F-&3ln el mE 93
715 4 3H(Van Langenhove & Hertleer, 2004)(Table 1).

A, 2B e} A& E(Woven fabric), HAdE(Knitted
fabric), 2] Z(Non-woven), U E(Nets fabric), Hdlo|=
(Braided fabric), ElZE(Tufted fabric) 5 X 7KA=Z Y=
F St} o]5L2 A (Fibers), 2 (Yarn) 52 7|ETSZ sl
AFARL G2epd Aol o) theket JErx=E Altst
At 7 7EA ool Fxu FEE el HHA (Composites)
2 Az 4= JdtH(Castano & Flatau, 2014; Fig. 1).

AR, Fel WP wbA] £1% HE Y (Extrinsic modification)
7 W& =3 (Intrinsic modification) WA= L) €14 A
3> 8 (Coating)°IH} Z#H (Printing) 7]& 52 ©]&3l
< HFsle] A7HEdE Fostie 2 "eth &

Y (Metal ink)t AEAFIEAL Fo] A7 E45
AU 22T - A (Screen printing), YA ZHH (Ink-jet
printing) 522 XY= Zlo] 97 WPy ArjEEHXEN
Aol geitt, ole} g, WF WP it A AA7E A
7AEAAE 71K AL Dttt A7 K Electrospinning), 94

WA Centrifugal spinning) 52| WHE o]&s)] A=A EA7}

4=

BUoglt oot

K
=]
2~
==
g

ARG = glom, o] Af FFolr AAEES

o2 A HYY ZnlEEXEJAAM ettt g A
9F FEANE A Bol AR A Al A2 A &
A7 ANAEARS 7R ERE WH WYY ZrfEE el AN
o] 43t} (Castano & Flatau, 2014).

npxjete 2 Al W7 E(Sensing mechanism)ol] whel &
AlX (Pressure and force sensors), 2~E#| 21414 (Strain sensors),
ZF(Electrodes), 33414 (Optical sensors), HF] 2414 (Biosensors),
&AM (Temperature and humidity) 5 672 W& &
=3
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Fabric Structures

Fig. 1. Fabric construction and structures; woven, knitted, non-woven, nets, braided, tufted.

(Castano & Flatau, 2014).
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Table 2. Electrical conductivity of various electro-conductive materials
(Ivetic et al., 2003; Griffiths & Reeves, 1999; Pan & Kania, 1994;
Serway & Jewett, 1998)

Electro-conductive materials Approx conductivity (S/m)

Gold 411 x 10
Silver 630 x 10’
Nickel 1.43 x 107
Metal Stainless steel 1.45 % 10°
Titanium 238 % 10°
Aluminum 3.77x 107
Cooper 5.96 x 10’
Graphene 1.00 x 10*
Allotrope Nanotubes 4.00 x 10"
of Fullerene 1.00 x 107"
carbone Diamond 1.00 x 1077
Graphite 1.10 x 10*
Polyacetylene 1.00 x 10°
Polypyrrole 5.00 x 10*~7.50 x 10°
Polythiophene 1.00 x 10°
Poly(3-alkylthiophene) 1.00 x 10~ 1.00 x 10’
Polyphenylene sulphide 5.00 x 10°*
Polyphenylenevinylene 1.00 x 10°
Polythienylenevinylene 270 x 10™
ICPs Polyphenylene 1.00 x 10°
Polyisothianaphthene 5.00 x 10°
Polyazulene 1.0 x 107
Polyfuran 1.00 x 10*
Polyanilline 2.00 x 10*
PEDOT:PSS(poly(3,4-
ethylenedioxythiophene): ~ 1.00 x 10° ~ 4.60 x 10°

poly(styrene sulfonate))

w71 5ol dojdell Wt At (Electric
pressure)e] 71 Qa2 ZEdT) of7
U Aart 7HE ReUA] ZolE wake A1 (Electric
potential difference)e}L%= Sl e AlA <]

R
=)
2
o
rﬂi
)
)
ol

2t HsF dojuks AS AT g gt A7
S} (Electrical resistance)y> ZF(Current) 52 W3lske A=
£ el B8, 17183 (CapacitanceyS @S] A4
A e REEe AslEFozn [3kA % (Electric charge
storage) 58-S UEPl= Egolth. HAXME AlA ¥
7R A S BElHoR WolE]] § o)E Hr)AlEE
WSk A ZEeit). 3(Fiforce, N=kgm/s )y 27|19} Wake 7}
7 WE] (Vector) 2] 2Fo]m, 912 (P;pressure, Pa=N/m’) 7]
9 AL WEko] gle 2Ze)(Scalar) =8 o)tk dEAN = A
718 (Capacitance; T9]:F, farad)o|ut A T ALK

WV, voltell w5 71e 4= Atk Axke #1713 el
A AF7F 524 she 9910E H717 9RyA] 2jol2 &
stot. ARl os] FAE datge] v&e AAE
(Capacitance) S-2 F7]&&ele} sp, AA LS FHAA
o] %S Hrlsle AR @9E 8l (Farad)elth.
ZEFRIAAE 711X & (Stress)ol <13 Aeole] HFP o]
dojgel] we} M7|A o] Mahs YEE o] 83 AlAjolrh.
ZEgQAlM ] FRols XA E B (Positive)d 2+ U AEIE
(Negative)@©] Ut TAE|EY ZEFH A= 28] o3
A o] Aoj7t Eojud 7| dgte] F7slaL, o] A

=

PN

U=, UAEEY 2ERIAAE AAe] o7t sofubd A
7178 gko] hadkar, Ak e dolrt EEH A7A Rkl F
7ttt ZEHRIAME 143 $50 o Wate 243
(Impedance; &91:Q, ohm)ol| W&} A5 H71ed 4 ot &
EYRIAAE 14 e A7|1A 7L Het e Bk 5
3k Z3o)7] wiie) Az Al 1 549 HislE Haslele
Zo] FQ3ItH(Chang et al., 2012).

A2 g F9d EAlsks A8 7o A7 s A
71250 A WAsks YBlE o83t A 714
ANsE YFE AT RS Ltk AAe] F 32 ol
o AL YRATIL HMRE SHFH, AW A7xsrr A

= Al wet dgE Alse] A
AR A =, oo mat ol HolHE EgE 7}
T AAXSE B4 F Jdoh d5o2 358 S4%e 4
Sole AR A5e Wk, AAxLE] AdE
(Electrocardiogram, ECG), &% %= (Electromyogram, EMG) &
< ESAsle Ade 24% e A9l ot d5s E7t

o

f

-

*
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<) el
[=lo] Eole o] ol upt 4317t sk e &
ARG}, FAA N 71AIA WE @, $8, HY)S 71
==to] o, Hle] = o
7% AEE A g FAAN Y AEE AREHE e R
¥ (DuPont) A7} 1967 Derick and Synder®] 5312 #|-2-2
Z ES RS o]Fo) yaEgo], BAXoNA o8, A%
e, A5, T3, Tl T3 22 g Hoks Xdtst
o dlol] SAl e At 7R HHLAS EokolA ok
A AFE JrkSelm et al, 2010). FAE B A=
a-&(Light in-coupling efficiency; ©%1:%), WHA-(Reflectivity;
©9]:%), SALIZ] A 7] (Power density; T$l:mW/em?) = 2%
ZH(Illuminance difference; ©9:lux) 5= ©]83t] A4S 3
7Fd 5 ek

Hlo] @AM = Ble] @ 4~8-7](Bioreceptor)e} 37| (Transducer)
o] 5154 Aol TRAHl wetA A71AE7F BAsHAY A
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QA 9] 79 Ae] AR H5AEL 49)
sl sl NeoR MY 4 Aok elFel A8ei]
2 A QAT BT B B 5o ANE HHEE

4 : zge

o= FHak, QAo A ARE Ak As
gt vlol oA e] TS 3 YAAZUR (Ink-jet printing),
Zg]=vlol A (Plasma etching), 2H2~Z 8 (Wax printing), &
2]422 9] (Photolithography) 5] ®WHE°] Al=S3L AT}, vf
o] AIX L] A5 FTEAL] AHEE(Wicking rate) o= A
Fo] AH3lE v]209 (Colorimetric method)ol] wel H71e 4=
9ITHKim et al., 2019).

LHEEANE 2k e 5o ®sh wel [71A ko]
sle AXE AAL 24, W78, &S o weh

S 74 = Uth(Zhong et al., 2017). 25EAME =
H 2k 58§55 Ao dieh 2 374 Ase
gate] Ao E &olep she EHTA (Transducer)©]
o 22AA 9] FFole A EAZ(Thermocouple)t A1H]2E
(Thermistors)7} ATk ARAZLE A7|AEAo] MR T F
7] 2HA8E Fste] AzEH, JFE7T 7K e Wt
ol we} Axpt e e evs 243t} Aus
B FHEkE BEAE AEE AR, 2571 Wk
w2} gheAe] M7 ggke] Wl Ayl o3 =8 &4
st} AMu) 28 9] A 82 %= A 4 (Temperature  Coefficient of
Resistance, TCR)= =%°l w2l @AM, 2=A152] wslo|
wehr] F-& Al S4(Negative Temperature Coefficient, NTC),
AL AI4(Positive Temperature Coefficient, PTC), UAI%
Z8}7](Critical Temperature Resistor, CTR)Z Wt} tH&
NTC AH|2=Efe]H, PTC9} CTRS 54 %04 Ao F3
st SAS THIBERE 25 A9V 25 AEI|E AREL
FEAIA (Hygrometery= AA1E 3l wel 714 3d4ke]
Wk 243 Wy, d7]8Fo] Weke 78 ¥zl 5

] Sioh.

o

3. ADIEEAEIIMAMe| RE 2 XX

31, AN T2
3.1.1. F4(Metal)

A7V A8 & 552 Ad=olM A Beidl =22 7t

Nanotube

Fig. 2. Allotrope of carbon.

Fullerene

3 AA solvie A A8 FEEE S iRl A

A F /RS BF 7R Ak F(Gold), & (Silver), UA
(Nickel), &=0]5(Aluminum), EJEFE (Titanium), 2B 22
(Stainless steel), 7-2](Cooper) 52| &4 F}4E (Filament)
1} 280)Z 4] (Staple fiber)Z A|ZT = Qo] LrlEEXE}
dAX L] AEE AR ARsit). A7 HAEEE 22 AE
NME EAol Az Wl ule} thEA JERARE o
o] F&L SAEAAY MR HjE] 2 AHEs
Z 7IAZL AtK(Table 2). 2vfEEIAEIIAAN A2 AMS-EE
thEzel F4 AF2E eheololoj(Silver nanowire, AGNW)
£ & F Utk 2v=gelojs @ AFo] Yier]H
(Nanometer, 10-9) #7191 &k Su|AlAe] Fel2 973 F4
A3 Hold A7) AeAdES 7H EYX 5 (Flexible) AR}
o] ol ®o| ARSEHIL Ut 2uirololol= AnfEE XKL
A ] Az Eakgale] Fro wet ofe] A7)
=28 7T 4 JtKCho et al, 2019; Jang et al, 2019b;
Kim et al., 2018).

ro e

o Y

3.1.2. BkA5 244 (Allotrope of carbon)

EkA5 4] (Allotrope of carbony= BHAgA7)E] Ajtst ot
JE 7o S22 @Azl wide wet &8 -318 o
WL 7RI BAEAA He] BhdxEe] Ae Jed
w2} 229 (Graphene), $HAW=FE (Carbon nanotube), 2213
(Fullerene) 18]3L tho]oRZ=(Diamond), ~Z2}| 3] E(Graphite)
o2 Us F UrhFig. 2).

o] FAME 53] ATl Hold ZefHF} Bt
FHE o]&3t A7} Hol o]Fx|aL 3Utk(Cho et al., 2019;
Jang et al,, 2019b). 73 H=g JuiE 7k E23, A
i AR AREEVE st 2| EE& ) 2ejHol
v B RHe viE] w2 AV AEEE 7KL Qi) thol
OREEE AT w9 FgH o R AjH o] o] AR
=AY & e AAL gl ool mE} ol e Hte]
o]F°] B7Fs3t] Wi A7AEET) gle Aol &
2FLA F velot=e] B2 A PgAe] 7P Eom,
JAllo] thololRE thyo R Y 2, BAVERE,
A A 7+ A% P9 W2 Holt)h gAEAA 24
7ol Abgdel 848 ArdEEE WA vERdT

W

N

Jor e

s

Diamond

Graphite
> 9
2
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3.1.3. A% 3F A (Intrinsically Conductive Polymers, ICPs)

A=A A= A7) (Electric), 2K (Electronic), 2171 (Magnetic),
F3HOpticys] 547 HE 7S 7R f71awAE T
gt} Zlgk A (Dope)e] FElE H2Eld AfHre Fdst
2 B2 TS 7T Jout, AR ARl AES
A3 A FAde] A F7HE R ZgE Qi
ghofEl Aol 7S e AYRE FolA HUA HFE¢
717 Eo] IdE ZoR dSFEI . o]k MEAL
E2}e] FFole Zgloldd (Polyanilline), PEDOT:PSS(Poly(3,4-
ethylenedioxythiophene): poly(Styrene sulfonate)), & 2]o}=#
(Polyazulene), Z2]¥|'d#l (Polyphenylene), Z&]3]Z(Polypyrrole),
Zg]opA "l (Polyacetylene) S°] o 722} Aol wat
opFet A7|dEze] o] 753t Table 2; Cho et al., 2019;
Jang et al., 2019a).

rzi r—{‘é J-l)l'

3.2 HEN=E

3.2.1. Z2T2E J4-F(POF)

2}2~E Zd5(Plastic optical fibery= Z&}~¥
NEo]7 Wlo] ddo] 71538t Agolt) A= =
o] 510 (Core)e} HPE F-el ZE=(Clad)2 o] Fo]A Itk
Fole FHEC] B ARE AL, SHEs FHEC] W
ANEE ARSI}, Foj9) SE=e] W 2 E(Refiactive index)
o] N2 Ti27] wEe) ojEe] ZATAE EEHS] kAl
7t Aofudey, ols} e AiiAlel el Bafel YAk o
o] & FXRE T2 & gog Hudrh

r mlo
N N
to

nh
qo 2

L m
ro mlm

=]

il

4

3.2.2. LED(Light Emitting Diode)

FER7T Agshe U 3 (Light source) S ZHE HAEH
RS2 LED(Light Emitting Diode)’} FUo2 F2 A€}
LED= PN %§e] ol ofal HS 7k wgsl= 54
= 7K PY RE=AISE NG RE=AI7E e vieA] zjo]
TH(Peter, 2010).

3.2.3. OLED(Organic Light Emitting Diode)

OLED(Organic Light Emitting Diodey= fr7]'@%tlo]o =g
M 57138k (Organic compounds) 7159+9] ¥44~ZH(Luminous
element)°|T}. OLEDE 71310l 1714 A=5 71l AF
7} 324 W 9g Wiske AU (Electroluminiscence)
Aol 9J3] F2stH(Bernanose, 1955). ¥ LEDe] H]3}
7a 2H]EHo] Yre OLEDE o)fFol 283}z 23s
g g 24 FEEI QlthJeong et al., 2019).

3.3. Textile-based smart sensore| M=k

2ntEE 2NN E A7 AR AEet $gAaAE As
2 3lo] ARG BAo) o} ookt o R A|zd)

kX AFe A o] AnfERAEUAAME A 2T o A}
LE= AT ABde FE5Metal), BasaA (Allotrope

of carbon), %%x7J 31 A(Intrinsically Conductive Polymers,
ICPs) 5°] AT}

454 HE =ZYBundle drawing), =3 &8 HA}
(Mixed melt spinning) 5ol 2Js] dF= AZxL & Aok
£ =292 dild 2548 Egolv A E4e] 33
o2 HFste] kAl T F, R Fo] thA] AklE)] A
< 10 um ©J3E HPA7|L %%_ W aEASS AASA
A7VAEA] /I\joe x—ﬂzo}_ ]dr :6:61— Qrgou H]-/K}..__ A
AL A ellM 53 ARE 75_1} 1A WAkehs ZleR, 2%
Zo|H A )7t He EeElolH]=(Polyamide), E&] o2~
HZ (Polyester) 59| Hl2Eldo] &3 AEE ARRHL:. 25
Aol FElZ AFshe WHoZE FHAE A2 7 FE3A}
Fe 2 A|Zs= AME=2K(Covered yar), HAFE BHALE S
3 uMEE AR R Fo] H%S "o EEdaHE
AL 507 7o} Az Fo]2HAK(Core-spun yarn) 5] U
TH(Blucher et al., 2001).

SasiA F BadaEe] $749 Wy F2E olFX
= 283 (Graphene)> AR E=%5254 (Electric field-induced
wet spinning processyS ©|-&3lo] M-F= Ax 7Fssith AA
%_t,:__g/kl:ﬂ;g e] Hl—/\].s.on o _c]x-] = HAgow vk L-_%Oﬂ =
Y& o, WE=ET SIS Afolol] HE Slele] ARE &
wo g JHjd AEkE e e HARE-AS AREYdA
2 A 98 AL Az 4 JtkPark et al, 2017)
I 9o ZHAANEZE RE JEiE O F2E 7R g
F+H (Carbon Nanotube, CNT)= 2] WAL 80l whah A
Az + don, gl Bt RHE =9 § 549
245 Ht’e”‘]ﬁ 424 WAL TRl wet Ay WEAE AT
TH(Mukai et al., 2016).

A=A T EA = A7 A Electrospinning)Ut 572 HAH Wet
spinning)ell wel AHu A2 AR 5 Uk A7EARE A
EAIEA fHof| FHSH+, positive)s TSI, EFoll=
A3}H-, negative)ys B3N At Aol 228 AYHES

mlm

rr

e o

+

Amém

Zshe eItk ¢4 WAk AEATER 8913 Sao)
o] WHE WAMEAS o] 88 ARSI A0, AEATE
7k g9l Sl A(Gel) FEE WakwA Af7) e,
ols} o], ZntEE 2Bl E A A SRl 7
st S, A% WY 5 fASEA E2E 72 ol

A A7IAEAR UEZE s Wl ofRel 48 A &
olgftt. o] 9o =g 7Nke 2 3 AE FHY| 2vEY
¥ (Sputtering coating), P& (Dip coating) 59 WHS °]
831 YA 2I-ZAY (Screen printing), YA ZH
8 (Ink-jet printing) 522 ZE3le] AnlEEXEIIAAME
Az st} 32y 8 ZEe Alx Wgo] 7hakel Wt
ol Whiesl 7|9k AES AMSlE Aol i 50 &
slEEAEINME 77 Thssitke S 7R Sitk(Jang
et al.,, 2019a; Kim et al., 2018; Lee & Cho, 2019).
2uEE 2 AIN Az Al EAs 2 s Tkl A

r

ﬂll

l
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(Plastic Optical Fiber, POF)2} 37 LED(Light Emitting Diode,
LEDY} 349 3oz 2 ARgE Z8i28 F44 U
o] FY=FS vja 2 (Macro-bending) F== vlo]AZHIY
(Micro-bending)dle] o] FHES 2H3AY E2] 318k o
% (Etching)o 2 FH= Fo] wlRZlo]|E Alojale] Ho]
Al WEE F A=E Azt EFeksE 345 LEDS
AEZ AMESIE 739 A= 7122 (Basic weave), =H] 2] (Dobby
weaves), AF7F=2](Jacquard weave) 53} 72 |z HPHo R
2rlEE 2B E JfES5laL 9tk (Masuda et al., 2006).
ub SERAE e Gt ARl HlE) o mwlsh] &
of Blzeld 3 AP AEo] HslE EAEHE 7
ko] QJtH(Rothmaier et al., 2008a).

71—;0]

34. QIE{F{UIM L EEAK} 7|S

ZuEE2ERIAIN 7L o) FolA] A AsS d3lstr] <8l
M 4 2AE 54 0E ddske AEAYA HHol
3t} o Fel ZrlEE2EldAIXE AEAYA s17] $siA
S AlSilver yarn) = 2E|Q1#|22~EAKStainless steel yarn)
59 F5A Metallic yarn)s- ©]-8-3F QI H 2 o]t ¥ (Embroidering)
wWie] 7P wol ARSEr). 1 $Jo] B& o83 Y (Printing)
oy} HAAE o]83= E9(Bonding) 59 AEAIA WY
= AMgET), )\u}EEﬂ/\E]robq AE 01%6}0:1 %.ng]_ 3l
715M50 A5 feiMe, A7INEE B4 dHE AdE]
= EEF4 A (Lead element)’} Z 510}13} o) Fo] 2mpEEEl
AME 2835 79, 78 T2 =H=(Snap button)
£ ol&shs Aol 7P Aoty AMdRE EEAAEMR 9
7GR opgl AWELFRR FE Al Al Foox fg
3lth(Jang et al., 2019b).

>

4. M HFLZO| T2 AIEEIAEIIMAQ]
AT S

4.1. MM (Pressure and force sensors)

PEDOT:PSSE o] &3] Bl~glel 7]uke] <leiaxe 7jatat
Takamatsu®] -7olAe ZRSA] 282 YAE(Nylon) A
PEDOT:PSSe} UV AHsHAIE IHS H/E HZAo2 AZ3t
o ZE FY R VEYrhFig 3(a). ol AZRE AzEPen
Z AAE(Woven fabricydlAol &31H, HH4-E5 Wl W
71 WiEell W& HPF A Seitt, ke FHAME A
aLo] 5\_7}31—;]_ PSKel /\].0]9,] ] 7}3}]/\]5]/\2 =2 }o:] ;(—1&
< AAENFE] oS 7HT o] wl, BA] 4l ATiA
B2 Hlgke 12 pF =2 YERITHTakamatsu et al., 2011).

Park®] ATFEHLE F(gold; Aue]l 2=HEy ITHwE PDMS}
PVDF-TIFEE ©]&-3te] AAZF Wuk RUE o] 71sdk 4
AXNE NS, S Hr1ek7] S8l YHAIE (Input signal)

9} £ A1E(Output signal)e] JHAAAIS EAIATE L=EAIA
o] YHENF9 2HENFTE 1142 mV/iime] 7187 & 7

@
Capacitance change
El | | n H Vv
I I I I UV adhesive
— == = = ‘Q
l l I PEDOT:PSS
I‘rmuu PEDOT, UV adhesive- Nylon Fiber
Nylon fiber coated fiber

POMS sheet

Cu wires

Sputtered gold
PDMS sheet

Fig. 3. Pressure and force sensors.
(Park et al.,2016, Takamatsu et al., 2011).

AR aejzg vebgon, it $HAE 1kPa mTH
o] g3} 1m mREe] W] the] Y 2Ho] 715d How
SRIHA. o] A= ) Fele] vl 723 (Non-woven)

Aol &3, TRl Wt A== 7] wlie] 14 Wy
oz 7 = Qth(Fig. 3(b); Park et al, 2016).

42. Eﬂilﬁl".ﬂA‘I(Straln sensors)

2ipieleloj 5 ofekgel] AT §HE o] §ate] HAH
(Dip coating) WHOZ Eﬂj—ﬁﬂ‘;} =] (Polyurethane nano-
web) 718k ZEFQ AXE e Aol wEW, F-E
Al&= F 1~500 /cm (ohm/cm) 2] A7 1A &EES 7EA] L
Ao FE Fof QI EXo] tha "ol AoR YERt
SHKim et al., 2018).
A vAtslaEE g9os EEeae el gElEe
|= =¥ (Doctor blade coating)} B-2i5] #H|<Q1®Brush painting)
PHO R FHS T AMUEFE o83 2EHRIME Nt
AFellX = AE7F 600 em o8t <] 714 L
wom, o] Aoz IRE Alg7t QI B/go] szl Ak

]

ok

< HATHFig. 4; Jang et al., 2019b).

ANAEA ASE d2etde Z-e 79 AFEA
= ﬁe& yelgkon), 1kQem ©)3) 522 A71A
© A9 2EHRIAAEMN ] Feo]l TR ¢
94 - 7}21 AHlE BT FAE FEe] Y=gls 7R A
213171 WiEol] FAEAME EREY, e IRRpHo R A
HEEIAERJANE Azt 94 WP er B F ot
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snap button

<y

Fig. 4. Strain sensor. (Jang et al., 2019b).

4.3. M= (Electrodes)

Brol o] 7]Her] AMEBHE Ag/AgCl AFS T)Hel A
= Alele] HF A9EsE Fol7] 98] slel=RAS o] &
o} slelErAde AFH A 7 HES FANTL TR
(Artifactys SHF=U =Fo] €rh. 2@y AgAgCl A=E
AT ARG S AFe] dofut, sjel=gAe] dxd
A AT F gl ASE HAET) ol wet gxE £
oflME stol==4 Qlo] SAT e A=l tet o

F7} o] o]Foix| L Jti(Sinha et al., 2017).

e RH Shisglo]o]E FHGle] &8 W= gele
ECG AL /Ndst 8 Aol M2, Ag/AgCl A5}
ECG A&E vwaldS o H= A%l & Afel7h dAa=A

=
ettt 2eu AxdSoR AHEE A RUE"] 9

FAME 10 Vem ©l3ke] AA7E 7HA 0k ke AR ERlE]
At o] AFe VAR FA X A7HEd EdS A
o AFE ML oER, BRI o]z} o4 HPH 2n
E”2EdAXE EFETHLee & Cho, 2019).

Pani®] 7% 100% W ZE9| PEDOT:PSSYAS =3
ZUYste] FH A% (Surface electromyogram, sEMG) 2
S At F 7K A7 (10 mm, 24 mm)e] FH AL
= Ak 2l

<)
oF 2% NEE AgACl AT sl J5E 3

Hl o

N

nd

SlAck. 10mm 27 A=) W A 390460 Vsq= 1}
EPom™, 24 mm A7 S 410+ 150 Q/sq= F7F0] F5
= A71Agzke] sk 20F et o] AFellA s
H 3E 2HE AT A B 2T AYE oz 9F

WYY 2nfeg ~gld Mo £30HFig. 5; Pani et al, 2019).

4.4. ZHAM(Optical sensors)

Rothmaier 792 Z2k2Y AR5 JHZo|H 3]
7+ Fel= A AFAFES}E(Sp0,, Saturation of percutaneous
oxygen)s S8 F U= FAXE NLsIThFig. 6). AW
Aaxsies &7k 2Ee ARl FAXE Rl W A
4ol Wgle| met 528 F Aok F UG AR bE
S 712 Hl(HeNe laser, Halogen lamp)e] &S 24l
2 SAs5, At $Y SRR gAkAs 9 s|lRE
ZHIE AEEhE AU ARSI E A8 4 Y th(Rothmaier
et al., 2008b).

Corres®] A1 FA4HF EHo| PVDF Y=idR/E A7n
ApHo R ougolste] AiFE AR FAAE NLSH
t}. o] ZrfEEENIANE FEHSES W £E7le] wis)
of whel IR ek B 0A EEAMZHA F 50% o]/

i)

¥R o

Stimulation electrodes

Recording electrodes

Fig. 5. ECG electrode. (Pani et al., 2019).

Fibers for illumination

N

OxiplexTS

Laser diodes
690 nm
830 nm

Detector <

FdEEHSE AT e 22 Yeyt. o] 3AM =
B B0 WheARE enjlolste] AlRE Aol R WA
3 FAxAAM e &SH(Corres et al., 2011).

4.5. Hjo|2MIM (Biosensors)

Baysal 7 EoAM = EEZEMNUEE FAEE o]&-3t]
EE2TH T H2oF G2EY 7|g vlo] QAN E st
ALt SU-8 ZEHRAAE BHS 0|43l mlo]a=z 55| G
2 Ade T3 A AN BE BE F UARS AAE
o} vlo] QAN =/, Mt 22 AREME] HEH gEY o]
£ Adshs Aol g Wi FAIVF 879 X ER A
a8 7 S B vEIAMask)E AlRRE § W o]
gato] 79k A= flol] wkiIE SE Y (Patterning)dhs Y
olt}. AFollA dE wlo] AN E FAXE FES yitow
Az ©]A HPFPo = ER/T F AUrkFig 7(a); Baysal et al,
2014).
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(a) Hydrophilic

reservoirs
(6mm)
> % 2

Hydrophobic . SHydrophilic
surface channel
(SU-8 coating) . ’ ‘ (800um)
(b)
Silkcone gasket
pH indicator

Biluve polyurethane
layer

Absorbent

Fig. 7. Biosensors. (Baysal et al., 2014, Coyle et al., 2010).

Coylee] AL <Al & &o] 38} HHe 24T + 9

& ol LA E pRsgnh. of HloleAAE B %ol Sehy
¥ 34 A Aol Wshe pH AKE olgal] AZEIen,
EF Az SRR F5 Tl Awsh AR vashs v
Mhoz 58 4R YAkES AU o] A7l A
e snhEel e 918 AR A mAA o]tk Fig

~J
~
=)

); Coyle et al., 2010).

4.6. 25 MM (Temperature & humidity sensors)
25TAM e e, diH oz FEHoy F5EES o8
sl 25U FEE S8k 58 AxEH vk 22y ¢
] 3] ZR ARB-EE A7 ofd
LREAH O ZHE AldE 2=l s dololH 75 473
7

o

[
u
mO
Mo
(o]
3
X
rr
!
1%

=l
= AR IEAE o]83ste] o&
B 2T F e 2FRAME s EEAA
Z e EZEF 2 29 9@l (Poly(tetrafluoroethylene))2] 2F
WS AT ARAJALEAR] U2 (Nafion)yS ©]-8-8131
o V22 Azl Rl g4t w344 3 AK(Thermo-
moisture responsive polymer)°|™, 471972} (Shape memory
polymers, SMPs)el| &&itt. ATE-S H(Sweat)ell ¥H&3l= A
S 7 U2 AA H T (Sweat pore) EYOZ T
Zl (Pre-cut)sto] Z3 (Flap) FEIZ 7132 THESL Uy 7]
ko] LEEAME 28 & Aol B ¥ F717F DAsk,

ZZ% E3o] €9 37 252 5185l SR8 WFES

20 e

AABIATE. o] AFellA JEE 2FEANE TS IE
A FEoA W] AEek T EAAM oM A HYPPoR
EHFE 4 3UthkFig. 8(a); Zhong et al., 2017).

Karpagam®] 782 W (Cotton) A&l & HAA 24
(Thermochromic colorants)S Z#E 5l 712-EZ257(Camouflage)
E-(Military uniform) &8 7idsidct. S22 H2 REJE
7} REHE do] AEHUS A, E& 2o Al HEE
2 Hal=E iR Eesr Uy Hug AAEIKGITH | AE
e Thger Hde Uk, e e agvolE
(Graphite)2 F®E F YZFelo]o](Nichrome wire)Z 2<E]X]
slo] FIRZET FE AES Ak AE FE Ay
= 249, UaFeololE wt Jejue|ER IHE Wl AF
7 B2HA Fo] WAl A& 27t Wsf JtREeE =
g o] Ao] ZaloN Mo g uiHA Hrt ol¢k 2
TNREE o AEL it 58 e AR AR bE
AQolA 7o) 7hsdhr] Wil AL o] Al &olditt. o]
AgolM MR FHREE 25 HES W FES o839 A
HAEAMEA 2iTie|ES AEG | HEd YIEee|oE
ZH A Rerng 94 WIPFoR EHFAT(Fig 8(b);
Karpagam et al., 2017).
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ek opEl AlAge] A7) H
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o} ol et ojur)¥E 2dsken] AgE 4 nk. olg3lo] 2vizE el N e EAL A

AR HPH Oz 53] B gk} ok

N,
™
b1
> o o

6. & =2 A AR SE AL 5 rh. PDMSE A& Age] X

2 59, g, B84, 254 59 BHE 7 QA

o] FAdM e AANE Z48 2nlEEH2EJAA ] T o F3lat7] witel o F folw ook E, AF, sHFE Tl €
< Aot EFste] A g olsl =g wolw, A/HA= E2% 220t} 221} PDMSE F55-8(Water vapor transmission
A Mgl W& A Zolo it HRE A|lFalr] A=) ohF rate, WVTR)O] =0} A7 AA| HE Al Abte] ®3 2he
gk FopolA] o] Rl AFES A ANom Qs F717F W2 HFste] A7t 4tk 93]
HHAXE 12 pFo] 2R AR WSl AlAZ=H] 9 Ak ole} 2 AlM 9] Akshe AANE A s AskE
A5g AT F Aol ERIEAL FHAXME 2 AE Frarsly] Wil olE WR|ebr| 9l Wxe] Xevt Fasi)
FrollA ZEH 2 el mE 9 HYIYPoRE A ZulEE ZEJ AN O] AELE WA|E] flEiME 7R
Ao} Aol A oA AAE, HPE, FHXE 502 4 E4do] A&E ol $A A2|(Thin film encapsulation)
Tzt SRl A& Al o]FAE HAassof gt vi, 7} "Hasit) BA MR, S Ee Akl FHoksk EES
ZEHRIAAME 1kQ/em ©]3F S0l A AL Aol 7he H5sl] 93k 7R AslRrlE(ALO; )OI A1sold (Zn0)
gk Ao & veity, ZEHRIAAE HEAQ] o] Bige) < T 22 FHNSES o83t A7IAEA AE Rl B
3 LAsle 714 Adese] &40 sgsler & FAZ, A= 338 HEAFE AL withJeong et al, 2019). E3H4I
e 7H ANREA AlEe] EAo] Pzt o] ol T B AR AS fEE AR AR SR wet
= 4 FeETe Ax A5 Fee] g2Eld dSo] AlzEy sk B8 aEe X At Basht. gk Anjed)
Ao, A BUERS fEXE 10 Yem ©l3t 2] A e HHEA Q] Qo H]la 72+ 73t

71A&7ke] a7ET oM e 5 e e 2Es)oF gtk

] p.

AT A7 A A HSL BAT F Y S WA ol wet 4714 At BrE wae) S 94 @
T3 vlBEo] QA xsMdS T A7t o] Fofjof gt OWHAl PDMS9} 2 IEA EAS A 7 e R
FAAE POFE 28] AuReldalslel 43} el 7@ e BAle] Wasit) rkEElEd st B35 e o
Ak dut Aol Fzske W] mEt Al vt FAl Fe AAIeRE AEAQ] AT BUEY] 7hsstER J)
Me Az o) Vg, 284 5 A ES olgslel Ax 9] A4RES A% Hols S0 olslh, @5 2wl
ato] 2844 Aes  FNE 7 de As e A 2B AL E RUEEE dlolElE 7]l 34lo] 5
T7F Basirt =3 vle] Al = Holu J Fo AldS v of A &go] Fee ZoF J|her)

Asnow S, A o) 54 BAL AN 2L B

E2 s 9lom, FU Feiol vl QMM BF Yol = ZiAle| 2

£ 4%k I Tol HALEA r} Hle] AN e AHE H

AGHom 1 5 down de W Alg AdE 4%e o] RS 0194E FREINFEAP] AAOR T
FrAskE g gk A7 Dot Eor 2EEAME ATAEe] S ol Y] 01 (No. NRF-2019R1F1A
ojgge] Wsle] wh} o)i o] 2y S 2dske & 1060955), 2019 % BK21Z2]2 AR (AT ek o) #8733t
To] T 5] gk A7t o] FolA AL . LFEAIME Fhell oJste] AL A9,

ew ol we B gk sk 3710 aRAE A
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