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A Design of Infant’s Body Temperature Sensing System Based on Embroidery Textile
Conductive Wire

S5 -02E .o

(Ha-Young Song : Kang-Hwi Lee : Jeong-Whan Lee)

Abstract - In this study, the embroidery textile conductive wire of conductive yarn was designed into the wearable integrated
clothing for sensing the infant’s body temperature. To develop a high quality of the stable fiber-based textile conductive wire,
firstly the five types of conductive yarns were twisted or covering polyester yarns and the coated conductive fiber with
silver(Ag) or iron(Fe). As a result of comparative conductivity in conductive yarns of yarn processing, the 250 denier of
conductive yarns with 0.74Q/1~5cm were proposed and used for the integrated embroidery textile conductive wire for sensing.
During experiments using the proposed embroidery textile conductive wire, measured resistance of thermistor according to the
body temperature was correctly delivered to amplifier module, and showed feasible reliability of temperature sensing. As a
wearable application, conductive yarns which takes forms of embroidery textile conductive wire would seems to be reliable as

a conductive wire and could be replaced by the conductive metal wires.
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Table 1 Technology of conductive textile
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Table 2 Impedance results of Conductive yarns

Type Yarn shape(X 600) grglgll;f(jg:;e)
Covering, 250D :
silver50d/1f, 28H+PET 150d/48f 18t
== g
2 — : 63.2
Covering, 100D :
silver 40d/10f, 28+PET 20d/1f
3 56.2
Twisting(Z), 80D :
silver, 40d/10f, 28}
4 3.95
Twisting(Z), 450D :
Fe, 225d 2%}, E$tHAF spun yarn
5 317
Twisting(Z+S), 150D :
silver, 50d(Z)+PET 50d 28H(S)
863



HM7|&s =g X 65 55 20164 5%

63.21(#02)
60

56.17(#03)

Impedance{Ohm)

50

40

20 __431.7(#05)

20

3.95(#04)
0 0.74(#01)

Tem 2cm 3cm 4cm Sem

Distance(Cm)
38 2 AWEA(Q/5cm) 58 At

Fig. 2 Impedance results
22 A5 XERS AA
221 g AzAL 7190 AEAS TR

Folg uoFol SFAIFILA She A HERFY Jse
fol AR 365~375TC 2% HAS 414 = HUES)
3l LED 9 Hggipt Qe FAERS el A8 2%
7 FAHQ RO e A2E i, =2 A2 FM F49l
AL Sdo03 BZEHESHE TR A 3ot

I8 30i4 Hie HiQF Zol, fof xe9] HUHY HuEA
AT 7E GIEE A FEAZO BAY A2 nlRo AFE
OF THAME BA €2 o] QIRENY LEEEE 51,
Aot @ BRoE A0 EEAIE FolFEs 759 it Zao
2HAE AEIR] © olF ArIHE HEstol AEMNS AASH
ATt E=5F a7 49| Al HERS SH FXR0A HiE Hiet &2

OOO0O0O0OC

AHYETAY

YA (S0 ~EH2Ah

HHH(EHAM

a” 3 Ak AEAS AR
Fig. 3 Embroidery textile electrode design

864

i non-conductive yarn(PET)

.................. g : 1
. : silicone coating !

a9 ¢4 R HERT FREW)
Fig. 4 Structure of embroidery textile electrode (cross-
section)

I8 5 9% ESE A4 ABET w4
Fig. 5 Sketch of the integrated embroidery textile electrode
in clothing

S

-

I8 6 A= HERE HEGA
Fig. 6 Embroidery textile electrode

o, FAAR A4E A9 ARE REo) g AzE 1y A
g FomK R Y& ojane M4 sigs, A A2
A0 ool BerE HENO TAsHe 17 59 AU,

222 FEPS g AA

FOt M2 A Qo E dAos 48 nojlaz ZZA|
A9l 8 bit ATmega8it 2% &EIE HAlGH| ot HM =4
ulghAl LEDQ} AJH|AE (Thermistor)7t AFSEIQICE. ATmega8e
Arduino WEEEE AMEato] ZE2HY §tglen FMubEQl &



At et Al QRO 2L Aol ostoix WHalye xlg
we A =
ANIAQCl ADCE 510
HEAlE Bolo] AA fxF HEkelH 1o OE 2o ol
A HaE65~375T)ELE =2 o HA LEDE, F40IH =4
LEDE, Wow mghd LEDE He HAlolt)

I8 69 A AERMS REAAOA HE HI9H Zo], 9
At ¢1de Faide AYHHES FEIEon 2k A9}
o HE2 =AY MR MRl XSt FHOT ALEACH
BEO I7)= RE0| 4.6cm(1.8inch)olC). HIEZE 3.7V 2]E0
2HHZE AlgsIYon 55 M2 33vVolal SHSZE &)
o] AEEQ AMEO] 7Ms3lES SHTh

2
s
g:d
0

I >
[0

o
al
1=
i

0: 10
Hu
E
rlot
ral
o
=)
e}
[
HU
Kl
bl

23 2 53 Ag
231 A B ogt Ag3}t dA

Hes &Fdot] Qloto] 2 @AFoAs X7HE9 AnlAH
(NTC: Negative Temperature Coefficient, NTC-503, Samkyung)
£ ALSSIRATE t5F0] AFSSH MnAEE Ae(@25T)0A ¢k 50
kOl Age 7N e Ae FF HI30~45T)olAl=
40.186kQ~21.668k02] HLIS Fte 7HAL ATE wEbA, XEE
AMAIAEE ol8ate] SEHY| QoA 2o tist Xagte A
gHog FHot7] floiie Adst Yol Aol 2 3
olAl= AYSIE Qloto] MuIAH MAe HE=2 Hi Xge o
ol 2ol e FERTHAE + HE HAXEhHo| A8
E3 Hl oAl FAIGHES StACE
2Ol NTC MHIAHe th29] Al (D1 2 Steinhart-
PEAOl RE-KE TAZE LIERITE

0% Y
o 10 9
o (T

s
5
0

a
R :aoexp{B(iT—%)] o))

O7IM, T ANREKE, 7, & 7IE 2%, 181 R, = 7
FRL0IAS] MUAES] FEFE Qulsitt. 0714 Be EZ0]
ZH1 Qe RSt A2 2 AGtoA AMRESH BRr2 34350]Ck
metkd R AHIAHS AEg#e 2= AsgH9 2=-/g &
AE 7IKA Ao] HIAEHQ EMg LEA Htt mata A
HIAEE Agslsh] Q18t0] Steinhart-Hartdl&AlS mlojd &
g o|g3to] AlXlelo] 2% ge ¥g 5 Ao, 4F, AFE9
noIAE AFEshe d<9olle AR & X9 ALto] AEE
o] 2go] & 4 Qlof, WEg Xge HYsio] 2E-Ag E4
g AR OoZ uE0] A/DSIo] HIZ 252 Heleh= Wi E A
gs7|e sl B2 AFoAs HE HARAES Fristo] Ags)
She WS ARESIITE WHIAH AE R (7) o HE R A
g Rr 7t AZHE0H WA &4 AgR, (1) 2 et Zol U
EfLIA €T,

£ (DR,

RII,(T):@(ﬂHBP :m

At =X AHEER) 71 8te] Fotd 2 MA AlAE HA A7

Trans. KIEE. Vol. 65, No. 5, MAY, 2016

(121%?(7)
o 3
2[R, (D)
(D+R =—5 4
R R, CAG .

oetA, Ale YEshe dE BN R = Uit 2ol
AEEr.

2[R, (D
B, = R/i(ﬂ £y ®)
AG)E st delotd thait 22 d8 S8xgR, o
#e de + Aot
B-2T,
RP:E;U(BH]E) ®)

., Raw Data Thermistor parameters:
> B=3435

8
'\_‘_./ Tp=37C
e, Ry =6.418 ki)

7
\\

.5
Linearized Thermistor Data \

6

<

Resistance of Thermistor( ¥2)
@

30 35 40 45
Temperature ( C)

a9 7 Agsto] o)gt WnlAE LE-Ag SHIM
Fig. 7 Characteristic curves of Thermistor Temperature-
resistance by using of linearization.

O 12 4 HygRgs St AdgstE Anial StaAe
9] HolE HOECh AJgstE oAl @2 A HolHes 1-ol
Al QF Z0] 3TCE 7IECRE HIFMEA E4& HOXYL He |
RS 018510, ANl Ede de 4 Ut ojEA 4d
St WHIAECS] Kt AMOIMCUS 12HIE &alls9l A/DE
Soto] AYe &8 7, 2EE HEslo] ARSI

232 R vstol 2 e vz 4y

RREAL WIS 7102 St WO|AES BN HelE
otal 2k FEde ddsh] flotol QR 2k HalEs

om Mo
ol 2

865



HM7|&s =g X 65 55 20164 5%

WUIAE S g 58e sl dde 2 2&AE 71
FOE 25olA 40 TRl BAIRE B¢ I7] 2k WIlE
St ARAES AY WetE FFslth. 2% tolEe 17 ¢t
Aoz HEY Holen Agsh 717t Hojiel 2rHsE #E
5171 Q8 QR LS 25C~42T2 ZEe EAEE Ag bl
OHE ottt 18 82 RHkAb 7|8te] st m
E MUIAE9 MEge] HWet 48 UERARIC

+ Resistor(kO)
501 Temperature(? )

Resistor(kO)

,
0 200 400 600 800 1000 1200
Time(Min)

O8 8 2LHsto] mE KHIAES AgHsh 34
Fig. 8 Resistance change curves for a thermistor in
accordance with the temperature change

3.4 B

B2 =R THEEE) dR9 EAdss 8619 1T7]=0]
dx]o] RFotgo SeE (ntegrated) FERO] AR 718 A8
LA 7189 A FEDAFGS AFLIh 14T X
| AERS ZES AMEG] Qste] gARY Mdo] 5Q
gt QQI0] = =AY AHARE JuAtet §ddste] APRSSE 571
Al BYO EEAREY EAEEe v 24 41}, EEAR] ¢
TEAZE 0.74Q/1~5ecmZBA] 7FE WA el =840] 7V =
2 212 EEH 250 HiUo] B 19 TFANE Al FERS
ol AgslY=tl, T 7150 508U 0l (denier) S(Ag) TEAL 2
SOZ 150 HL0] EZTIAHZE AFZA AHY ® Fej9 =4
AtolH QIBZAE(cN)= 521, AFAE (%)= 34924 A AE
=0l AT,

ot Yolmol B Al AER3Y AeE RUEY 2
WEA SIS AEE /Y A9 A 7 3R] A
FOoE TAAPE EA] Z= gUe IR = TR LEY
L& ot 9 ¥ REo= S40 FHAE folee gt £
ZOIAEAPE AEIR] E 015 Al A2 HERAS AASIC

2 djoMes A AE A3 SEE 2ZEdA A2s &
Aot Qlsto]l A7FA9] MUIAE(NTC: Negative Temperature
Coefficient, NTC-503, Samkyung)E A}SSIROM, HEZ HA
Agg dAdoto] ko mE FEXAFWHIAH + HE HARX

866

el Hdedde 58 E9 HolA FX6tES silth o8 Sl
Agst daRlEE ARSoAl @11 AIFOl ®3Hst #9365~
JT5CUOIM 2= detde o Al 4+ AL & AT
Z2IE EHz gF XSAFoA SERE adst B Ay
7Idre] Al~” AAE HOt Zidstol i Aleds 7] o
S RO FEE ANE AFE 160 {0F 2& A9
AR ZUHY gito] tigh &8st A7 YQsithl Alg
Hh

A 2
2 o3 20158k ShRATATY AWATRIAIY
(NRF-2014R1A1A3050948) Aol 9J5to] ORI AZE
Al, EARR O ZAF=HUILE,

References

[1] A. Dhawan, A. Seyam, T. Ghosh and J. Muth, “Woven
Fabric-Based Electrical Circuits: Part [: Evaluating
Interconnect Methods,” 7Textile Research Journal, T4(10),
pp. 913-919, 2004.

[2] W. Kim, “Technical development trend of electronic
textile,” Textile & Fashion Korea, Korea Federation of
Textile Industries, Jan, pp.39-43, 2012.

[3] M. Catrysse, R. Puers, C. Hertleer, L. Van Langenhove, H.
van Egmond and D. Matthys, “Fabric sensors for
measurement of physiological parameters”, IEEE The 12th
International Conference on Solid State Sensors, Boston,
pp.1758-1761, 2003.

[4] S. Park and W. Kim, “Electronic and Smart Textiles,”
Polymer Science and Technology, 24(1), pp.38-44, 2013.

[5] H. Song, J. Lee, D. Kang, H. Cho, H. Cho, J. Lee and Y.
Lee, “Textile electrode of jacquard woven fabric for
biosignal application”, Journal of the Textile Institute,
101(8), pp. 758-770, 2010.

[6] H. Song, “A design of woven textile electrode for
monitoring the electrical activity of the heart in smart
sportswear,” Doctor Thesis, Yonsei Univ., 2010.

[7] S. Gi, Y. Lee, H. Koo, S. Khang, H. Park, K. Kim, J. Lee
and J. Lee, “An Analysis on the Effect of the Shape
Features of the Textile Electrode on the Non-contact
Type of Sensing of Cardiac Activity Based on the
Magnetic-induced Conductivity Priciple”, 7he Korean
Institute of Electrical Engineers, 62(6), pp. 803-810, 2013.



Trans. KIEE. Vol. 65, No. 5, MAY, 2016

A Ao A

% 3} 9 (Ha-Young Song)
1995 "atdajoltisty thehd "AERY
CIARRl AJAY
2010 QIxchsha thetel oFerds]y} Biat
20014~'08d FRESZH (HE)
201249~y AEuista E|AEITIRIQIS)

I xR

0] Z 8 (Kang-Hwi Lee)
20073 A=thstul OJskEsE £Y 20094
SUsre AAL
20108~14E JW ZQHC]Z 4

)
20149~SAx) A=istal ostssthat
HAIE

0] A & (Jeong-Whan Lee)
199241 AAMthgtw A713sh} £
19941 =THEHE AJAE ERARC00W)
20008~04d APSEAE Y 1=H @& Q)
2004 ~SIx) A=tistul ostgetR ng

At =X AHEER) 71 8te] Fotd 2 MA AlAE HA A7 867



