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Research on Heart Rate Sensing Clothing Design for Seniors Based on Universal Fashion
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Abstract : The number of elderly citizens has risen in Korea and resulted in an aging society. Correspondingly, the social
interest in the aging population has escalated immensely; however, research or product development on the quality of life
for seniors has shortcomings. Healthcare smart clothing is required to help the elderly with changes and weaknesses that
follow aging; however, there is unfortunately insufficient amounts available. This study explores the feasibilities of smart
clothing for seniors based on a universal design. Based on previous research, we analyzed the universal design theory,
body shape characteristics and design requirements for seniors, and heart rate measurement method. The design is dif-
ferent according to body shape and body shape is different between sex, age, and body race; therefore, subjects were lim-
ited to 70-74 year old Korean males in this study. This study proposes a guideline for heart rate sensing clothing that
satisfies the ‘universal design’ aspects as well as the functionality of heart sensing, senior’s physical characteristics and
needs. It has broadened the range of smart clothing, which was once limited to the younger generation and provided a
foundation for the development of specialized smart clothing for seniors.

Key words : universal fashion (f-U#4d =|4), heart rate sensing clothing (}¥=74 2]7), elderly-friendly clothing (A]
Uo] £3} ¢J5), smart clothing design (Z=FFE )5 t]x}<l), apparel for the elderly(*|Uo] <F)

1. M =

SEvdte AAFCEE felvt Sls =R wEs 1St
ARBIE ZIdstar itk 2R E Srvh o dre Wt 20174 =
QL Rl Hlge] 4%t e AEAREe] XU el 9d
Fall 20%7F Ao 2FALS] Z19do] o AFETH(“Aging society
came one year early”, 2017). oldl wg} Ql4-2] A& slol T
gk ARSI o] IAl STkl e, obEZEA] AlEAt &
o] Aol gk At AFC ek A= Bol olFoIxA &
3 9tk aEslE ARIAS AN 2X]= Aol oz}, A
.17 O5A - AEH W 5 AR AvEoR Is 7
X]7] wliZell(“Aging society, aged society, super aged society”,
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2015), AlY o] E(senior)2] 71733 412
e F8% wA2 & 5 Uk

o] - 2 . FE A7 AL 7EAR] AV 84=, 4]
d FEE A REEA] RESEooF sl g4t ey

B AFolU Aulae Fe A S5 s

2743 vl ARl

. A" 713¢] IDCE 20184 AlA dlojEE A=
oF 3xgo s HusPHA (“Worldwide wearable
market to 45.6 million units in 20157, 2015), = X & &
A9} FEYA Foke] & S ¢S89 tH(Kim,
2016). o1Eg 7174AH dojHE AF2 Y F =3=
Al WA= A BAle] ek Hagk Alvo] AlgielA
7 dasitial siou, |4 A38skE dojsE AES A
2 Al f1F] YARRle] ISR AlUES ¢t Sl
AFE 2 A7e Ao gle Aol Aale] ket Alye],
o7} Fo] BT Aolel, Yabi 5 $-2] Alsle] AlAF ok}
£ U g4 AR 7hss 7S AlE o R Aol
o

"o Agelea @ &



“FUA TR (universal design)- ARSJollA] Ao] W= oF
259 BAE dsh] 8l U 2AUeE Aol - A" - A
Holl AAIgle]l BF7F AF - A5 - 4 AulE 52 Hrp A

S 470 o188 4 S AR ke Aol
g ool FLMA AL H g3t AeiEe el

iy
M

AE szt she 23] dojykst] 53] A=, &
A 34, AF FolA &) &=L Ak 2y 2]
M3, B4 22 = A aEste tARIEor sk o F &
ofdlM = dE] AE=HA ZATH(Kawauchi, 2001/2005; Lee,
2005; Lee & Lee, 2007).

B ATE AYAE % FUHA AuEy oF trikle]
el A3 7|2 AFEA, T 43 T AR
= BAEAQ] 178 AuE 2nlE F/E sl 4]
w7 ofel UM HRRIS AEsle L 7edS AR
Utk B AFE B3 AEEgolgs 715 SHE o
AlUee] AAA B - ZEe] go] 5 AlUEe] 25 N
3lo] <HUA TR SHE 217 AUAE 98t fu

F

2. O|BX uid

2.1. SL A C|XQl(universal design)z} FLIHA miM
(universal design)

UM TR (universal design)yS 195008 ZE AL ol
3 T AR SHER A7) F2 AL H7] 8] S84 A
=3 AHE gloale T4 2% (barrier-free movement)ol] 4]
1Z=]o], dAl= AR AolFr]e] guikle g 1 tido] gy

Sth(as cited in Lee, 2005). =, YA trRle ‘F
213 TR} (design for ally o2 ©<=3] Aofjololy v& =}
9] AA 715 AR QA 49 v AEETS A% tiAk
| ofgt vo] - g - ool - AATY - AlST FAR
BROA -85 A4 B fg delet @ ¢ Uthas
cited in Lee, 2005; Moon, 2007; Tanaka & Mitera, 2002/
2007).

UM 94 (universal fashion)y> UE FUHA F3]olA
7Pg WA AE-El 80]Z, ‘universal design’3} ‘fashion’o] ¥
, Auk FEel 7158S FUek, ThEsE Al Ale]

SHot Aol At glo] A =E
AR 71685 2 RAEelRL & Urkas cited in
Moon, 2007; as cited in Tanaka & Mitera, 2002/2007; Moon
& Chung, 2008; Na et al., 2009). UM A F} A}
|8 e RS AYER ARS ERet A58
= URRIF 845 Aol sk, YRk oFe} trlz ¥
EjoX= xle)7F flomA 71%5780] ZxE o] Hbgl oo g
AX = ook Fth(as cited in Moon, 2007).

U trpele] 71 18]E Ronal, Mace, Behar, Null
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Moon(as cited in Moon, 2007)2] -olx= A A7AE<]
tRRIl HEE Fdsted fumA =] ol 7R tAkl A
g &, A2 EYF =9, AR 854, P84, 3
AR, ARAS ARBSITE AA, E8]AQl w8 o&e
gejol] ek AR 5SS Y BlE W Sk Srhe Aol
ok 54, ARl §EAdS B ARl wE FEu 7]5e]
W3} 7Fseleg TRl ok gtk Alolth AlA|, 42 <
S Zgso R ZA| BT & e AlALE MAEe
73 AT 7 oot stk Aolth A, FH e AR
FUHA AAES ZEsIS o, gkl R e=w
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A4 AR A4 WPe) goldom golsinh. wa
ol that wjels) Be) kel wet fuld tAele A
88 20k olf A7k Bued Aol stk Lee e
Al QO15ye ZPEE O|Re] AMg B3t AMgAL WSS SHist
7] Slsted, o HgAje] EHS Mg SnkE o)FE et
e}, TFe AAE 9 AANE oIF AL 98
Folyel AYe P Bk 3B AR S4% A
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22 L2 ADIE o|F A& S&

ZmlE 9]F(smart clothingy= o A& § ok “o
5o Ao AMATIA FovAME et HAESE FAE
T JEE EAS}, 77 9 HAa=EEA] 59 vt A
B3 oj8 o 2 Holgk = QITH(Cho, 2006). ZHIE 9]F
= A8 §x0 uet ARG R, A RERF, FARK
OJFAI=H, EFEEFE R F A2 (Lee, 2015), ©]
F AANNEE g3l AEYUEES ke AvlE R/}
a8 {8 F 7P S B2 4302 o &HA

&7 Athos, Adidas, Ralph Lauren, Sensoria 52| 7]l
RAANEZH 2ulE olFE T FUdl, o] 7195 20~40
e F A0 = 3h= 222 R 7|YoE g 8
sk AHulEry AnlE R/ 20~40002] A - FAFe] Axx
BUBEE 9 173380 = ARE I Stk webA] Afel=
2 (size spec), AR, J(fie F 249 & - AdSe] A
3k Al gA HEE S ATk Table 1). thi-e] AubEA
olF= HEN AFE ARSI, HE A9 54 A
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Table 1. Characteristics of existing heart-rate sensing clothing

Design details

round neckline
raglan long sleeve
pull-over

tight fit
contact-type sensor

* round neckline
g * raglan short sleeve

* pull-over

* tight fit

* contact-type sensor

‘Men’s shirt w/core’

‘Sport attire that tracks your performance and becomes your personal trainer’

®
|

contact-type sensor

+ round neckline * V-neck
* raglan short sleeve * sleeveless
* pull-over * pull-over
* tight fit * tight fit

contact-type sensor

‘Ralph Lauren's futuristic fashion: The PoloTech smart shirt’

‘T-shirt sleevelesstHRM’

» mock neck

* raglan long sleeve
* pull-over

* tight fit

* contact-type sensor

A
T

round neckline
set-in short sleeve

pull-over
tight fit
contact-type sensor

‘Hexoskin arctic full kit’

“T-shirt with integrated electronics set to monitor cardiac health’

« round neckline

* set-in short sleeve
* pull-over

« tight fit

* contact-type sensor

&
) §

 round neckline

* sleeveless

* pull-over

o tight fit

* contact-type sensor

‘ClubFit apparel product brochur’

‘Men’s heart rate monitor sports vest’

 round neckline

* sleeveless

* pull-over

* tight fit

* contact-type sensor

-
* set-in short sleeve
* pull-over
* tight fit
W * contact-type sensor

‘Adidas heart rate monitoring Techfit shirt’

 round neckline

‘Product-Smartlife’

2.3. AlL0] o|F AR & oA S
AlUo] efel ti3t d7te F= MY, Atel=, SEFujo
gk Aol dA o] X Ee] FrHLim & Lee, 2011).
Kwen(2012) Al]o] Altiell tigh s A7) 3qlo] FolA]
AL} Aol sl th-gak] A dTe T
o]FoJR|A] B JUTEL AHESITE AU 5] ofF AE
= AR Aol mEE AlUeje] oF Adewe A, 7]
*é S5 ol FAl Ayl oFellA sl Eojof
F oz 7| W %_t,:_/d r;];q.o]/d 2 AlmjAo) R A 5 o]
Lol &njzte] &7 AA| s AlPgelle Rigo] QAL §

4H

3 & 4= Q) Has c1ted in Kwen 2012).
g and
3-8

> rLi°1‘ olf I-ﬂ Ok H

_—Yl

Lee(2014)9] AlHolE 913 7]% o]= o] A
&3k 7157 O]‘IT‘_’ it SRoly 7] =4

h_

ga,

g AU ES % B3 2 gHo] o, 3 &

S HHE 2 wjdEY A-[E FAF 7R 2okt 34
= TOE o] ZE ] AlYojE0] RS & e AnE
FE Jislr] fEiME thdst 2ol A& 7hss #d 7]
% o] Q7T & = QUt). o]9f T EE=TL vkl
2 w32 Q3 APHEE AdE & 5 e 5 AR &
HIAIZSZ Mo 2T Sle AU ERRS 3k 7H2HH” tirikl
o] ~nle oFifEte] Festty FTE Lee et al(2011),
Pack and Ashdown(2009)2 AlLolE ¢t & - 4 7)5
2ulE QS el BEE W1 st oiie] Bt
oA F& WEEE dof AlYo] MdjellA ZntE oJF7F Y
dEog wolsad £ IJeS ERIsA

w37F AFPHBPA AUEL AY WIS AA Hed) o
% _T/_“;q{g].;(‘l %}-10_ 7]%{1_31.—02—— 7'(]-_9_ }\] %Eﬁ“@'}-_o_ 1_7]]7-“ Q];].
(Kim et al,, 2015; Lee, 2011). Y¥Z o2 AYo]EL 5 . 5]
7k gA ==t el o dols Wzt ® Aovt gt
7} slg] FEo] HolA =w Fo] #F 7o geehe At
T 7t oA HBE oF slglide] Seprtal F el u

mjg




7P ok AR EElEER o8-S I B¢ ofEed
L7t} w7t oFslar RIZHEA] 7] witol] wwist AxjE w5}
2 BFAE7], FAA AFE] f9dleF sk}l Seok and
Han(2011)9] Al W2 AUo]E2 o& 28 A] 2]
shetl AEles SAsITh AUAES 9% e oFE
ARl Al, 2RlE 7% FEd 9 AFREE Azt Al
YojSo] A 243 4 e TS aEs|of 3t

AkE Aes SAsks A2 = HE4 84 (contact
type)t H1-E4] W4 (non-contact type)ol U=Hl, F WA =
&3 (motion artifact) 0= 13F A5 FA Askehe £4
Zal glom, AAFoRE 11 sjdas 27] S5t ek
3k A7t 718 Foltt
2 e 3R AT oR Qg A4 AsE =4
7z 714 ARyt A ol =, 2F I
273 gololrt Aut 2157t Z7dHtH(Lee, 2014).
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2| Gths Wdo] Sl tiFEe] Agslid AuEA o
HE2 2] A5 ARt Aot

HhH B E2] SAAe AFo] A g 24| ol
40| 7hsstnE ALY ofgh wio] Feg A o4, B
O|Egt Ho] ofoli 7] ufitol| ojEo| Hg37] o At
o2 3HlthKoo et al, 2014; Koo, 2015; Koo et al., 2017).
U321 HIHEA] WA Aes i AR Ass
2ol Qth(as cited in Lee, 2014; Gi et al., 2015). Y|HZ
2 AL A2 4] Al o3 A A5 e
Ae7} Wstale A 3}= o] Thas cited in Lee,
2014). g% v (permittivity)ol] <Jal J&ke 1t
=, FHE A oAl 1 gre] oK) Lee et al.
(20132 A8 TS s,
PCBE =& /i ez st AAS
£ 2731tk Shin(2011)e 1A} 8] ZUEHE HjHS
2l e AAME JLSEATE Oehler et al.(2008)2 Ueno
et al 2007y HFSE2A] e Waloz Zbz gES peot
Ao Agste vEH o= 4ukg ZAgsisi). ey v
HEH BAE% 2 oR oFo Hgste] 4uks 43 o
= 79 gt

HREE 548 F AARES =S 7N e
Aoz 913t AYEl X (inductance) H3}= A7 &
sl= AolthFig. 1). AHAFEAR g B2z &
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[eddy(z ff] ' dS)
(Eddy Currents)

|

(Coil Current)

Lcail
(Textile Coil)
~

M
(Permeability)

o' {Ecoy Cutteay ex) muscle, heart

Coil’s Magnetic Flux
( En ) Magnetic Ficld)

Fig. 1. The basic principle of magnetic-induced conductivity measurements
(Lee, 2013).

A 3 glo] wEAE ol AUk(Griffiths et al., 1999;
Gi et al, 2013). Fig. 1= ZHIREd &4 H29 d8lg A
53 908, Y (coil) AE ATl AFE S8 2Ud A
& FHOE Aol FAEIL, o] AR R Qs A &
o] WEo] HF(eddy current)’} A7|A| Hr}. o] HFol &
Hell ThA] 2p71go] A=, FAE A1 A
= A7) AZH (couplingyS ©]FA Hrh. AFo]
220 $AYe uEt ASHE A= wsleHAl ==,
o] Yo =Z gt W7 Fure] HE o Al Ae s 243}
A He Ao|tkSteffen et al, 2008). A3 AT (Jang, 2006;
Koo et al., 2014; Koo et al., 2015; Koo et al, 2017)°lA4=
AA e AEg WA Z(coil)d FE WIS oo
A4l Adke S, ZYF AE AFS ofFl A
gl AARNSE SHshe W2 2 5o AT Ade] H

71 N2l

4y o
(E o
N

p. R o
2 BARS 3, M4 94 9218 Agele] 54 ue
She WHoE A% AVOIE 18 A 2nkE olRe) o

AR1E AAEFA T

Aol o Ny FAATE FAHOE UMM txt
A Fuwd =i Aol sl A Egitt fixe]ES} 418
A= ol 7S ANEA oRe] AR 3 dE FEE
T, olF Fole] 7IE AEA oRe] TRl 54l o
& FABIGITh Aldeie] AAA B4 |9 o sjAHS &
at7] QA B A8 A=Es E8sle] AR 2
FollAe Hrp ByZoly AR F8E F e Ao
AlhollAl ek Anke o7 taRlE AEslr] flaix A8
%7 (as cited in Moon, 2007)2] YA A Tzl HA2lE
Agstdon, tadd =& #F& AYAT(as cited in

e ox
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Analysis of social environment

!

Survey on living environment

!

Problem finding

!

Understanding requirement

!

Design suggestion

Fig. 2. The universal design process of heart-activity sensing clothing.

Tanaka & Mitera, 2002/2007)014] AAIgH GUHA wjAde] T
21 L FArs Stk (Fig. 2).

B AFolre Fuzke] Ay zlolol] ulel A=) Y17t th
23 olo] mE YRRl Aol wEd e E AT uld
< gaiglon, YAl FoME AR} <1 wi) AFo] o
2u7 g3 70~744 BALR At s} sl
Az EN Bxe Ao slglom, AUolE $3 Auf=
A o7 tRlS Y3 712 AFEA A= A 2 2
A Bt 58 B AFa AlelsiiTt

4. Zn 9 =9

4.1. FLHAM AUSH ofFo| M

4.1.1. ABEA oRe] agRe) 7

eSO F TRl Al At oRFelE tEA Auils &
AL 98l wi=A] SFsloF & 8710] ik £ A7 = &
YUWAd A=A o] F{(UHC: universal heart rate sensing
clothing) TIAIR1S 9J3l] o]2jgh F2-& 78 (fixed part)2hal
star, 71 9] AEA HARIE 5 Qs FE2 7P (variable
part)2}al FESIGATE UHCHA 285= &4 e, A= ¢
%], &% X E(sensing module)°]™, 1 9|2] TRQIA QA=
7hiFoltt, B =] UHCH A8 2942 A5 9%
o A gl FHo] 7ksste] TRRIMAA HE2 9w
AErt AR AAREE HESA e At
UHC tjzRlel] 2438 A5 Aaedi(as cited in Koo et
al, 2014)914 ARESF AR Aeg 2 W20 vHE
2 AE AFE ARSSISITE o] A5 2AKE ARl UE
el AFE A 2o AF=Eom, 7P faste] ¢

Fig. 3. The textile-based embroidered inductive coil sensor.

‘ 3 cm

b-u-st line Pﬂ |

Fig. 4. The textile-electrode position on the body.

Eol| A-g317] Agsich(Fig. 3).

T WA 1A= A=) YRt d=59] A= HARIel
met \EE g glon, A9 fAE
211 sfloF gtk UHCOIM ] A& A58 AP AT(as cited in
Koo et al, 2014)014] PRI Auils s g5 X7
SN S GE7150 2 3em BoRl el ¥
QT}(Fig. 4).

Al WA 5= 54 BEo|th AUEHE 98 7R
A, AsAR, EFFEE PR (Fig 5), AU o& &
27t ZA48lal FAslet EHK s viga 2o =2

HiE2|E AMESIGIT) 378 RES Aol Hagle] A&
= Yol vz A=Y, Addle Ak Rl da 2ko]
2> (snapsyS AHE-SI T

op

22

s

412, A A e A8 vl

UHCS] ZAFE AAg 7AFe] dA(as cited in
Moon, 2007)°llA AAgE FumA side] oAl 7EA] e &,
1) &<& E8%9l =3 (low physical effort): o8-8 2Feho] A
A3 Aok 3t 2) ARgAFe] §-54 (flexibility in use): 2]
o] e 7]5o] W3t 71sd, 3) W84 (safety oriental): Al



Fig. 5. The sensing module(this was provided by the laboratory affiliated
with Professor Jeong-Whan Lee at the Konkuk University).

AR -GAA o= Yshe A, 4) 333 ARS-(equitable use):
ekt AFS vEshaA] ARl EER] ek, 5) Avg
(aesthetics): oFETH-S A-&31t).

FUHA e ol 7 Y 5 3, A2 =EER)
=S WEA7)7] fleke] § Avle 2kE@h(raglan) vl T
A1ste] F of7fel F Hiel| ofE Fo HEelE HA o
Atk Hdek Aol Q3 AA| AFALS AfUt U= gA
H(straight fiyelH, ARA7E E8tElE AlUo]e] 548 WHYI3s
of g7 oAFS F JEF A AYoR tRlEtt. A
o] IAE SHSAA RS Fad] S AR
s 2 Al (cotton)E ARESIIET], 2 €19 e At
g 2§ goldt HDE flate] REHRAY LA (single
jersey)E ARBSIATE A, ARSe] 84S RIEATI7] 9
e A A5 34 Bus @R F J=s AAls
AEZEA} 715E HaA BE W AEA AAT + U
ZE Stk AlA, <P ES flEix AlUelER AErlisx
Aol AslHuR 55 e M= Zes YAkl slo] A2z
Aol =go] H== st) T3 BE &7)E e AFo]
A G=F AW ZE|X|(cover stitch)yE M3k UA, &
B AR FFsl7] SlalA, SRl v A | Zelrk mt
2} &Pt &g Fo] HolA He AE WAE] 28k A

-

4N

LY o] 2] Aol e I ElRpel ¢ 697

Zolg o Aolrrt v A stk ES w7k v AFES
Hekslr] fJ5ke] G&710 Aol &Gl 3L, 57 Fi
o] Shn7t AR o A[AUA AABKITE O, 4
n g RIE] flsiMe st FAEHA FAA = AlY
ol A& wWsls yEste] o avie Uvt &l (set-in),
= g2 AR TRRIE YHORE olFHES SI%
H, 5 ool & Fite] AR{E Fo] Fol ¥ BIE F
ofto] Ao 87 9 E5AAS A sidith AE A
o= WAZ (velero)® B2 4= = )X 22 (patch
pocketyS 23l A8 AE A= 54 BES Ho=
=7l 93] %5 W ARSSIES Stk A EAS X2
shedl ARRE dazE dirEog OB ARHE 4L
wuwsl 257} ollgl £ (hook)ys SF AYE 0.67mm 7
o YAE, FZ(loop)= S5 31U (lightweight pile) IS A}
|3l 2HgA] ERES WA ¥=F SISithFig. 6). XA
2 M5 24 2ES ke e 4y A e

A FR)E WSk Aot

:Es ﬂllﬂ oL

4o B 2
ot

42 FLHM MUEH ofFo| C|XIQl Xot

HRRIgH UHCZF AlYoje] Algel AFeRE A7) 9
st el wEA; 33 QAT N ALY AR
249 HloJEE 7]9ke 2 CLO Enterprise 2.4 ZZI3of|A] A]
Yol A&e] ohutels A SElvet 70~744 HAF 3
TARIZ F AdeuARlel] Fast 7ipEd, d2lE, dHol
=99 e 5%, RIAIEdE 5o AASHHS

Table 2. Standard human figure of man in his 70s (as cited in Korean agency for technology and standards, 2015) and avatar based on data

g 8 8

Front view Side view Back view

Front view

3/4 view Side view
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/sensing module

{_ detachable pocket

straight fit

[Front] side slit

L/velcro PI
| kit JEREy cover stitch

longer back bodice —

[Side] [Back]

Fig. 7. Suggestion for universal designed heart-activity sensing clothing for the elderly.

aste] FESFAE, vt 70~744 EAF B2 7]
1624mm, =57 64.8kg, 7I=Ed 966mm, ¥|FH5<5 2 =3
905mm, JHol=d 922mm, BMI(kg/m®) 24.6°] th(Korean
agency for technology and standards, 2015). ©]& 7|¥lo=
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