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Abstract

The purpose of this study is to develop ECG electrode materials for the heart
rate monitoring smart band, a smart device used for ECG and heart rate
measurement. The purpose of the evaluation is to assess properties and
conductivity of electrodes of the existing heart rate monitoring smart band, and
to determine suitability through a representative conductive sample. Because
level of thickness does not differ significantly from value of conductive
specimen from thickness of the smart band, it can be used as a conductive
electrode. Surface conductivity of conductive samples and smart bands, is
expected to be available as electrodes except for conductive film. Also, since
the knit have conductivity only in the metal processing layer, it is necessary to
use electrodes on the part of the metal processing layer that is conductive
when applying the knit. Tensile strength and electrical conductivity of the
tensile were generally revealed to have a tendency. Thickness of the specimen
that can be used as an electrode for the smart band is suitable for all samples,
electrical resistance, conductive woven, conductive knit, and conductive cord. In
the case of conductive cord, however, the electrode attached to the human
body will not conform to the flat shape of the electrode attached to the
human body. Therefore, the conductive woven and the conductive knit will be
available as an electrode.
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A5k, = 4] dE oLt she elns
Fote 2] ARRA A} HEe] U-BAA/0]
AlEel gt 871 S715tL Qe FAloltHLee & Jeong,
2016). U-g2A0}(Health)3 o= ojils Eelo] 7%
AHE BUESKL ARIgkE ezt st 9A A
ZAu]A9l fH|HEA AAFA o] (Ubiquitous Health Care)
€ Y%+ FoltKCho, 2016). A =ujollA= U-Health
Bol7F ol ARBEL QIR Fololl A= e-Health ©oi7t
ZGA ARBEAL ATt (Jeon, 2011).

KEIT9] 2016 ©]4 2|ZEe] w2, U-d2A|ojeh Bl
g AotHE AAAE e A&HoR T Fof glor
2021d0= e =2 Aol ASEoal FrhKorea
Evaluation Institute of Industrial Technology [KEIT],
2016). E3F 20184 6% Kotra nl= ZANAH AR
eI R0l HAE FAaA0] Aoty FollA wEY
20 AR FEoA 7K g2 4os AEckr o
(US Digital Health Care Market, 2018), 2015 KHIDI®]
folalz utolzs slute] Bulel WAslo] SojEURAE
Ao BRAAE Flolal tstol Slite] oAl
58] 7lgo] 59 29 5] glow], B 4% 289 2
ot E5] Hfgol w2 Zog HuHthKorea Health
Industry Development Institute [KHIDI], 2015).

1ot o] FaAo] Ropoli] AFACR WEUA, AHA
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oA Figure 12", AflZ%, 2ldat 22 AARtoz 4d
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Jeon, 2016).

1994 Figure 29F 22 7]&e] EA1E A0 AlF 3,
AT 9 AEE = S0 Wol ARRET Sl Aol U
7Hs H2 Heart rate monitoring AULE HIE A EES
AWEE, e BES VR UEY EefrE 5o e
ARESI Sl S gl & 4 QUSIeh ERE S HY A
= FE AA32E A FEAR1 A& JHE AHSSH
T oY A9 fiRE PHLANE AES Ses o &
Ak A5 FES PR A E9d, &% 2
WL A&HHQ 2R Alo]l AAef| ol&E =717 of
of @08 HEE 2T & Sk webA V1€ dA5oR
He &4 9 A5G 7152 {ASHAA, Ao 285
& o o= ¥ mEAE Mk 4 e H5 A9
A7+ g stk

THE A I duEY, FE TS AE
oF AA 9 4§ EA4(Cho, Song, Cho, Goo, & Lee,
2010), A=-5& AAI] ARtE SRR A|A (Koo, Jeon,
& Lee, 2017), A= RUET A0tE o790 ta]l, o
o4, e}, 284 H7HJang, 2007), ZHALR HIHZA
A= st A5E EA(GL, Lee, Koo, Khang, Kim,
Kang, Lee, & Lee, 2015), A= 7/ & o59] 7|54 &
E A7 Koo, Lee, & Lee, 2017)7}

A9 AFE2 DA} 2 AEAE He =48 A
sto] A= AASIA A= H AE 4 S HE8AA
= ARPE glod, 2 el tiRalAl She Heart rate
monitoring®] 7Hs%t ATFERES] =] iRt 7|24
ARG AlmEe EAAR] FEEDH extile®] FE7F 71E
AUERETL 7H A3 Bt 24T FHIE THA A9
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Figure 1. Nike Running
(https://news.nike.com)

Figure 2, Heart Rate Monitoring
(https://www.pcmag.com)
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Aders A 259 5/28d0] olRofde] wE FF
AR e &4 7183 422 ECG(Electrocardiogram) &=
+ EKG(Electrokardiogramme) 2 EA[SIY. A% -80] 4=
= e ol¢h & u &t IAYSH ==, old A

A5 =] 91200 ket AL A1, o] ASIANE
s BAE A2 olgslel Fol AALE /=T
otk AHE 23 AN Lol BAE 92 W SHd 4
Sl QAAR) holm, gt BIE gk olele] HAA
o ks BAE e 7Rl AAE @ AR St o
Y8 o) A%HoE Z4o] sofolsp] el A

A@AZ7] SleiMe 7] oddz|el As dAd TS she
A/ AR el Beolt. AA T (Plating), THH,
24 B4 3L A5(Embroidery)9t 22 Hgo] AR
Hu oty ERF AR e @A FE(Woven), HE

(Knit), A==(Embroidery), AE2EH 7S sh= 5 A7

54e wolstel ARl AT glrta Eisolfint
(KEIT, 2016).

E5 AlofeiE MMl digh A ool =t )
ofeE AFel Agutd AM=
A Fol #4
Zog Heltk & =
Zeld A, GRAIA, /5% AlA, Aur AlA ol gle
o, O FolAE Qzte] o o At wdE AR
4 ANE SHoR I 2 Zlog ASHORITHKET,
2016).
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1. A=

D) HEA A=

A AgEs AxA $E(Conductive woven), A=A U
E(Conductive knit), A=A HE(Conductive film), HEA]
FE(Conductive cord)2 £ 4ZF75 XA Table 1
3} Figure 3& HH & 4= gl%o], AxA 9E2 19t Y
Ao A& TEE ¥ YdRog FFL 79.39g/m’o]
o, Z9A W 101.6x101.6/inch’olh. AxA UEE
63%2] W, 35% 2Atet 2%°] AREIAR A1 A2 44
oltt, HFS 165.36 g/mPolH, Waledt Course®] Wii=
33.02x50.8/inch’elt}y. @njHo=z 4ujg&r AAsle] UE
Z2e FYolE 2, Figure 49 22 Agloz 20| o]
oA Sle Ae & 4 doH, A=A YEE st
= UEAR:= 217t 4uig=2 oAl B3bE o Figure 5
o} Zo] DTY, Cotton, 2A9] FeiE TZ & 4 AUk
0%, ARdE He 241 A7A%e S0 & A 8
Q FEo2 yepdth Axg EES 11341 g/m’e] 5%
e 7, gEdA7E Zhsolth e A0 R lingstat
L velostat© 2 A Sl AA Zo= A9 @i
7HA 3 glom 46668.00D dlye] gE 7HIh

2) Heart rate monitoring 20tERIE

et A= A5 HoliA ASel ARSEA Q= Table 2
o] AntEWHE 3%-Z A7sto] Hlw FASHETE A AR
A& Brk] floliA, AlAlel Ad WiEe FEQ 7K
Hag AntEWiER ARsirt 2 Aol ARSE Heart
rate monitoring 20tE WIE9] FR L Bluetooth®t ANT+
A 719k 233 ANT+ AS7I5E 155 ARESHlth Hlw
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Table 1. Characteristic of Conductive Materials

Conductive Materials

Name Conductive Woven Conductive Knit Conductive Film Conductive Cord
A
5
Type b
&
_;'I
Plain Weave Knit Film Rubber cord
Vgg'rﬁ:: 79.39 g/m? 165.36 g/m? 113.41 g/m? 46668.00D

Figure 3. Conductive Woven Fabric(Left: x4, Right : x10) Figure 4. Conductive Knit Fabric(x4)

Cotton yarn (x4)

Conductive yarn (x4)

DTY(Draw Textured Yarn) (x4)
Figure 5. Conductive Knit Yarn (x4)

€ 98t ¥ Smartband-1 (Bluetooth, ANT+ % 7] 2, A9 o
HH/EREAE)  Smartband-2(ANT+  AL7HH/AAR),
gRAPE 3 D F7

Smartband-3(Bluetooth, ANT+ % 7]dt/
AxA A=} Heart rate monitoring 2UFEHIES] F7=

okt
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Table 2. Smart Chest Bands for Heart Rate Monitoring

Smartbands for Heart Rate Monitoring

Smartband-1

Smartband-2

Smartband-3

KS K ISO 5084:2011¢f <ste] FA =%7] Hanwon
testing Co. HS-0462 ARgste] 33] Z7gsto] B2 Wl
th. Heart rate monitoring 2APFEHIE = AUIEZ|7|E 54
o7 JhEo] g MEY QBEXZ X nE HIo] 917
flZo] & 7 BT S6lsirh 9F9 0% BAF 8L
= A5e ALY AAE ARSI, ofd Ao g
A7gste] A e AFESHIT

2) A7 A=A

AxA HE i A7AF =47] HIOKI 3244-60
CARD HiTESTERE ARgsto] 1em ZHAClA ] W A3
Zre 3 ZAst] FHAFS Yok 5_71]9} u}iw}x]i
Heart rate monitoring ~PFEHIES] QF&(9 2% 21&) A
= BT =g,

3) 1 Al H7] AxA E IEA

2 A= KS B 55210f #stod, KS K 0815:2013 1% Al
A7l ejASt] QFA|F7] Testometric Tensile TesterS
olgslo] QSIS A, QAT H7)|AFAS EA51
o IFEAEL A B2 -9 B 2F 40mmo)
Farzgd IAEE 3. 3mm/min, | AA 73101 2mmz
AAste] 71Estrt. A UEE fY3s wWeko=

1

N

40mme] ¢a ABAY JALEET 10mm/min, Hf 9%
o] 6mm= AAsto] 7|Esiylet. A dEN Fte
A UES} st A zgroz Halstiact T A|ze}
g AnA oBo] HA 7Re gl olg oHo] Ax
ol 4] o) whRe] QFAY 3o Wekslol 23o]
EIKe 2 9l7] WiRo] Zhe HALsZom 2SI o
KR

E
g3 Ugo] APHL U B AR AT FA

2l

SAotct. 7] APge OWON  Bluetooth Digital
Multimeter B35TS ARESle] HlojE] ZhS BA] 71E5H
ok

v, Z3} & nzt
1. 7 54

HEA A9 T4 A2 Table 30142t o], HEA
$E} A Z952 0.lmm 59 o= yehgon,
HeAd FeE 025mm, AEH UEE AY AL
0.58mm =22 ZA=|QIt}. Heart rate monitoring 21}k
E #ito] AFe 2% 0.1lmm~0.5mme] FA7F SA= 3
o AmpEMiElT AnfEMIE)E AZHE] adHo| 99l

AgF, AnfERRE3R g7do] gl FEjole. 8do] el

»—Ag\l
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Table 3. Thickness of Conductive Materials and Smart Bands for Heart Rate Monitoring
Conductive Materials(mm) Smartbands(mm)

Conductive woven 0.09 Right Left
Conductive knit 0.58 Smartband-1 0.17 0.12
Conductive film 0.11 Smartband-2 0.21 0.47
Conductive cord 0.25 Smartband-3 0.34 0.30

Table 4. Electrical Resistance of Conductive Materials and Smart Bands for Heart Rate Monitoring
Conductive Materials(R) Smartbands(R)

Conductive woven 0.1 Right Left
Conductive knit 0.9 Smartband-1 60.9 56.1
Conductive film 16500.0 Smartband-2 3033.3 890.0
Conductive cord 448 Smartband-3 96.2 849

L3 %%6}1 2~HERE]S 93o] gl AREME3T H] AZ 890.00 fFoz o2&yt o] wH A el 2t

St @b gho] AtEE|e] gEo] T gro] & Afol7t U]
oo, AOfEWHE20] AL 37kx] AE F A @49
A7t FE2A 0.26mme] 23} gro] Yehsitt,

5.0 >l>

2. 17| MY

A7) Ae S8 QI AeA iH_J FUAS ZAgLe
Table 49k 2k A4 3t A= YEE 10013
%ko] 2_7\454 1:]- ;qEAé —?igootﬂ =01 Q.J iﬁo %l'
< HY 2 AHeAS Uelt AR UEE 25
Aa] 22 0904F08 o HA/|HEAS Hgolt =4
A Aert 52 o 24 njHe We HAEs) 522 o}
ZRo] Brletary. AEA WEL ofmo] zho] HlZGEH] =
Heglom 1650000 =S Agt o] Uepdth ALA
I 4480 EoR SAEI

71&0] 24 AL A7)0 HFor ARG AFAS H]
517] 913l Heart rate monitoring AHFE HIE 3F9] 7
2] Age 4T A 94&4 LBZo] T2 o
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Tensile strength and Resistance of Conductive woven(warp)
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Figure 6. Tensile Strength and Resistance of Conductive Woven (Warp/Filling)
33 A AT} 3Eo] WHE APsigity, HMxA 9Ho] 2 Y8 AxA 92 olFx S AR 22s9 A
Z3APE R (warp)ollAl Q1% %‘94 F|Hg2 oF TgfAme] 4 2] olFollA 7]t At Aoz HItk(Figure 6).
ZFolglon], wk Aoz OZF gho] ZAshAR A9 vk S B9, ANl B 2 Fol /=W o]
2 7136} At BA] A M7 A Fe oF 310~ = B2 A9 ZFoA AR AR Al Ao
330 402 245k Figure 6). A9 4 9l gol o avsold xuUsky EEsp) 4

o
XJEH 29| SAEK(illing) ol e I Al oF 2gf4 A7l wEel 1 8”lo] Atk E 4 Qlvk(Han,
o] Y 2o 33] HiESH Fol H|Lsl £Fo7 S| 2003). A7) AP = Aol AEE AE7F Figure
Aot A7l AF e ALolE 4002 AHSH fA| = 31 Zo] g2 PAHES Az F F
7F 281 A Folle 0.1048%e] 2 o] 7I5=e 7 Fefol7] wigel, A7l A g %HA} 2 ZPOVP
S A7 ol I Al B AE 29 JH WIS Ak

%0, i
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Tensile strength and Resistance of Conductive knit(wale)

016 |

014 |

012 |

=
i

Tensile strength, gf
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o

—g— Tensike strength, gf

Resktance, 01

Time, sec

—e— Resistance,

Tensile strength of Conductive knit(course)

= = =
i i i
I T o

=)
2

Tensile strength, gf
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—a— Tensilke strength, gf
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g €&
g
5 8
-]
a8
n
La 8
3
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1
L0

150 200

Time,sec

—a— Resistance,

Figure 7. Tensile Strength and Resistance of Conductive Knit (Wale/Course)

2) A%4 UEConductive Knine] <% 543t 217] 23y
A UES 919 9] o ghe 33 it sjol
Qg vt Ao W34 Ao Hidsi s, o
Ag Ago] s S YA gl FteA
or, WAL AR SrskaA AAEQ g Hdt
A WA AS ¢ 4 Aok B AT gL 19 9 A,

Azl &R STVt o5 Aol A5 gt 309 grol

A Ry, 23], 33 5% Ao thy Flehe
UERgIh Az Qg Aol Aa glo] A 5719
9 3ee Aoty 98T dee] A %ol F7ie Ah
7 BY. ol UEo] AQE olex g Hmy 24
o Gerk gl HRA Fxo Bk dolit YAHoR
SESF} 1 olFele 249 Agle] At Bl

ol
AR
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27 AFEA oHe SEow $AHR AR Btk & @ e molAw 7 prol: WAL Jl2Eq 7]

AR, o 38] SASA f2 golEz o g Hio] I AP 50~60 Aol g 7155tk Figure?).
ofdtid, HE xZ|o] g o] 2&H 0w dojdom AN AL (wale)F F2(course)o] A grol
A I A @ wiEe] M 4 2 Ao H oA vebgth ol ¥l A UEE AR He
2Ick(Figure 7). e "EHIE 24P Mo A9l7] wiEel, BARY

S ¥ course) o gL FTL 0.1g7F & A= FHO P I A WNHIEE He Aes
TR Ut A @ vise] Ao s 4% T

Tensile strength and Resistance of Conductive film{md)
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Figure 8. Tensile Strength and Resistance of Conductive Film (Md/Cmd)
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Tensile strength and Resistance of Conductive cord

=

Tensile strength, gf
=]
i

Resistance, 01

120

Time, sec

—g— Tensike strength, gf
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Figure 9. Tensile Strength and Resistance of Conductive Cord

3) HxA "E(Conductive film)2] e B4 7] A4
AxA "E9 A HAxA 9E(Conductive woven)t A
T4 YE(Conductive knit) 48 AL BieFo] AA o] Q1
A ok, dYE 2717 WS AAslGir EAIRA171Y

kS md(machine direction), QIAIE71712] 90° & 3
H A
=

ol
ool

2
&

158 cmd(cross machine direction)® T+ H9RS

o] AldE Xasielct.

U2 mddeFo R 339 It ES &Rt Ay ¢l

FeEE AAS] FTtsTE B Adle Haste

Btk 33] m% 31E ol thA A Ao HiE o]

ZF7¥ohe Aol ofuet GAARFESE 0ol 77k

g Zlol RAEJRT A Stk Ae o
o

o
olt
-

5
N
Jhu ©
)
2,
)
_O'L
N

4 UES 29 B 429 A% @
g, gt 8j%o]

ol B ¥ AxA FFol & Aol FA 0l 7R #

N,
ogg
it}
B=)
[\.]
(e}
(]
(e}
[}

N =)
j>
N
lo
=
o
N
Ju

RS 2of 02 mdo] AT Hgo] H|SS)
71ZEQIe} sHAN, A7) AL Hzo] Q1 Al

T, o

o}y, ey 2817 A 100000 Q 5, 3814 Q1
Al 9F 800009 #ol 71ZEe] Qo] RIEESE 7|
A ol Wolrle AS &l & & UUKFigure 8).

waba] HEA "E(Conductive film)2] HAZQ] gk
AFeH AeE mddd, omddF BT HISSE RS
vepdch A7l A g2 mdPEeld o %2 g 7
ol EHS7] wigel, md¥akels A7MEdo]l B F2
Aoz Holr}

Az F59] A% =4 A= Wil e 2ot
mdet emd3ell wet Zpol7t Gle AoR FAgHrt. of9t
HEo] o] Bz FAlel Al soluiiA & e
Az 240 A o)Fel w2 Aita Btk 3%
Az 24 Aol gAA Eaxe] izt JdEAe] ded
Ao AZtEoL) Y32 mdet emdPEF vl

gro] =el= it

4) A/ 3=(Conductive cord)®] I B3 7] A4
Aed F=o] FeHS A 0.5gf 4Fo= 33 HhE
A 2 B Alo]l AASHA HhEE ot ey wH
7] AR gk S ul 1100 9] FHd w2 3k 715
ok, 3E Aol 750 $Eo2 sttt 239k 33
HhEo] o]fojd ol Z2 e HojErt Bt |
= olFA g a9l e F=F ol e = &

B Gt sl ) mhEel, Qe S o, A
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2HA BoluA Heol dit g ARl FHE Kol
1 Q= Aoz Helth(Figure 9).

v. 28

Heart rate monitoring A0tE W= AHE A= 44
el digt 712 dAF2 AxA ARt 7]¥ Heart rate
monitoring ARFERIES] AF0] F43 Myt Hlw &
At Avl= ot 2k

A FA EAdolnt A=A A=EE 0.09mm~0.58mm
2z0] Zto] Uehon], AnfEMIEE 0.12mm~034mme]
ol Yelth £/ 52 A=A AR glo] AFtERE
o] T gt & Aot U] @7of] AxA Ao &
o] 7hsolE It

A, HAx Aget AnfEWES] 3H A4S oy
ok HMEA A=l 39 A g2 A=A 927 AR

Ex 100519 o] A=l w2 Ax/dE Uehlsdch
Jen AEA FTl 4480, AxA T2 AY E&
165000 9] #17] A3} do] S4=Ht: ANERE= ARfE
WHE-13} AnfERHE-39] & H=o] A7] A Fre] 50
0~1000 F<Fo2 Uepith ARfEWE2E Z17F 3033.3
Q, 89009 W AV|HEYS B, AEHoF AntE
HEo] A=02 ARgE Ao A3 g2 AnfERES] A
ZTAFAQ F 500~3000Q FFoflet SHPHECHH Heart
rate monitoring A, HloJEHE AFoh=tl 2go] gl AL

2 HQlth & el At Alge] A A=A B5e

T B\ =2 20 =2 A
o
g Al QPESE AR A 29
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>
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e

T At S Hou, AAlAe A

ol 9 2 AP AR 38 ol Eokth 2Ea <

A AN AR oF 304, SRR 4
]

YASH HHEEE A Bolon, ) O g2 He

d e TRIZEAR ZJAE Fel o &SI 2|3 %

&
i)

A 7R ZgAeE kel Hsh A g2 Hlssile
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