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ABSTRACT

The purpose of this study was to develop interactive smart clothing based on visual and tactile
sensitivities to promote non-verbal communication between people with hearing impairments. The
study analyzed various cases of interactive smart clothing, different non-verbal communication
tools, as well as results of user demand survey to extract essential factors. Then these factors
were categorized into technology or design concept. The technological aspect of the development
considered the following factors: the usability, detachability, purposiveness, and economic feasibility.
The design aspect considered the following factors: the usability, detachability, formativeness and
wearability. A prototype was designed considering the user’s requirements. The developed proto-
type had sensors, Bluetooth technology, and gave access to wireless communication in order to
enable non-verbal communication between people with hearing impairments.

Key words: communication(# U # ©]A), hearing-impaired person(% Z-7g¢H Ql),
interactive(S1 Bl H €] 2), nonverbal(¥]91¢14), smart-wear(Z=PFE 2] F)

o] =E2 20149 AFAY(AEF)oZ daAdT AT A PS wol AFH S (NRF-2014S1A5B5A02014646).
Corresponding author: Youn Hee Kim, e-mail: shell62@kookmin.ac.kr


D1705001
스탬프

https://crossmark.crossref.org/dialog/?doi=10.7233/jksc.2016.66.2.061&domain=kjournal.co.kr&uri_scheme=http:&cm_version=v1.5

Nkt 25664 25%

=2

—

.M

dA HAwE s wsier il
F-AE9 YZ(needs) 9 HA
WHoE tFEY e

(wearable technology) = F74 €A A8t
Az Flshgol AstE SHOR| o] Q2
AR Y25 913 BalAdo] Qe 7]
ookt A AAILTY oF 10%E A8k
FAJNEANAE 77159 Ao R HFLat
HEo] H3 Foll JIoHKim, Ha, Park, Jo &
Park, 2007). &3 2 d A9 % Fellze] 1T7]

>~
=

>~

KN
=

&

i

U

A

—L
p

-
-

feorlr He

3t A=
73el ok
of Science
AT HS
=

echnology [KISTI, 2008). thekst
2 Adelg 9% IT 71& A7}
AAl= ol EAo mE Au| 2o
Atk olF AT AS
Al ] A (communication)

Mz g 3HEE

2

r oot R o

)

tlo
—n

o o Lo
o i
re kN

ol
ES)

N

_ﬁ
o
ofth
!

=2
=

of

94 AHg @7e)
FolA =

=S olo
AES IT714% 9

EEE D

]

=

Al (wireless communications

)

- 62 -

=

= e
lo 2

U
N

sy
oli
-

fo rfr do

I
m

o}

T

oo e 2 |y

o

o
=

re

2

ol
o

b1

op

Rl 2

i
o omy ot 1o

Aol ARUA I
gelel A¢ 7
24 2AES U3

Al TR EEFYS AN

£ 9
3
ZHER 7

Eites

=

o

—

)

E] ® (interactive) &
}= <E (inter-) & -
(active) ¢
. YHHHE I

o

0 tlo o,
ol

32

rr to
i

T

=
)
r 2

o

<)

o
|o
N
e

o, 1o

R e

tlo 12

v

it i (B 1o RIOMA
=]
=
L 41 e
k!
o x2

1o
oX rr
x‘_l,
%

P
2
>
e
ox

T

)

(H. J. Lee, 2011).

oML TRE ZleHe] AYCE AR
73 ste 98-S s glor, A
ESF AlFdA MES dyuddoes 7t
B E|E sjHS T3 2Exte]
g, E1#He &% 2]
A S AY AFA
HAAE dgste vl

JEYEY HAE o

fd

Hoo B

AdFoO

e

Er_lg;

A

b
Iy off

o

]_

= O

2
2l
2 o=



AzhAelel 2hel Mlslo} ) ARUAAS % AL ZrpEslF T

o BojFE At B Ao pie] F4d% HF gl Wzt Fol FEAA ds 22 wEold
Al e FR7E ket 2uAE HolA B HE Q4 Fae %A Fujsts AgAd v &
2uA7t Ay R APl E DHASRE F e 2 A550w A Adste AdsA
A3Es sto] 11 Bt did AWE 22w @ b Aol w8 FHo® 7HA vehdy Stk 1
= AEES FRHAES fFrile T udd F32 gate] AEYEE HH2 HH EAR gl B
Z A AuPE B Ao AmHI YTk, F UL MR T F5HEoR gEHAA Bt
K. Lee, 2011). (H. J. Lee, 2011).
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(Table 1> Survey and analysis of Interactive smart clothing

Function Product

Entertainment

{Fig. 1> Hug Shirts (Fig. 2> Smart Hug-Heather Dewey&hagborg

(WALYOU n.d.) (Heather Dewey-Hagborg, n.d.)
A e |
=
L. S N
Communication Uy '%\
l\ Il \
{Fig. 3> Ping-Jennifer Darmour {Fig. 4> M Dress
(Talk2myshirt, n.d.) (Cutecircuit, n.d.-a)

Funology
<Fi5> Twirkle T—hirt, <Fig. 6> CuteCircuit, Skirteleon
(Fashionologyuk, n.d.) (Cutecircuit, n.d.-b)
EXZL A L A BT, deaf, 1975)014 AAE Aoz Fzbgojg 7huE
ol g JAEHEE AnfESFO thiEH A = FEAAMTE g Jrd o277 HAETS
AL A3, JHHERJIYHE 7153 AFUACIA T, ot ERbEQl AEoEA ol A FoE
HEEA 7159 84E A4d AvE i/ 4sF FolA L YTH Ahn & Jung, 1999).
$49E 7INte R 7b7be] AFo] wE 57 o] YR AAFNJAES 244 gl g Aol dA
o FA% A= ok (Table DI 2t SHAl "ojA) 7] wiZo] AlZkdolQl st oEde
A7 dEEeln F3kE A & ofle dFd
M. Hzratofole] H|Qio= e epaEe T3 EE U BA AR 5o
FHELA O Mol &EF UBER &k Z ARSI ATH(Lee, 2004). wEbA dRiel ®owh
oflel HzHgellzke] d&g AFUA NS FA
1. Hztxtofolo| Aol ol EA{ ql S ARSI S-S glsted dE RS AA Erh
HILAHO|A i TIE AT WHFEIE S0 9 tEA
B B VTR sdoler gEkA Al SellA
Y7ol g Agejsel] Slo FAHeE g A 45S doqi o599 TIE o|FofFl AlSE
H¥ e Ade vs 5 gt JPAL3(The G+ FI A&l Feirh 11 dE diFEY 34
Conference executive of American schools for the A5 AN AE 7k HAEo] o]FoR L Q)
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{Table 2> Communications of hearing impairment
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communication Method Strength ‘Weakness
Broader scope of delivery
. and higher efficiency of
Understanding verbal . & . Y .
delivery than written Lower communicability due
language used by common
Verbal Spoken ) q ) it language. to fewer mouth movements
eople and expressing i ) . o
language language beop P g Being direct and fast, thus |and many difficult words to
verbally based on residual . .
. . being relatively easy for read.
hearing and speech reading. .
one-on-one conversations or
simple content delivery.
Major means of s
! L. A method of communication
communication for people .
. . L . based on rules. Cannot be communicated
Sign with hearing impairment. L. . .
. . Fast message transmission |with common people with
language |Understanding the signs .
. and acceptance among no knowledge of its system.
expressed in gestures
_ . users.
Non visually.
verbal } } } ; ; ]
. Expressing the grammar of |Being accompanied by Different interpretations
language Finger ) " . o \
. spoken language through reading and writing according to individuals
(special language | . . . .
fingerspelling. functions. expressive methods.
language)
Superior recording, preserving, |Grammatical errors due to
. . and reproducing quality. the different grammar
Conversation |[Means of reading. L : .
o o Easy communication with system from sign language.
by writing |Means of writing. . . o )
common people with no Huge gaps in writing skills
knowledge of sign language. |among individuals.
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A dFe Zl5olH, AREL £ AHECE F3) L Aok, FHE, A T 671 el dE
Al Bl HAEAR AR F ol Aol A 7} & I EBilo] BAHANE ©Rel Stk
o (Fig. 1002 vget &gs AT & 24 715 (Fig. 13> ¢d4A9 9149l Ring'© 2 £7hete]
FEE IS Fv ‘Smart Watch'® 98 AL & A AFOR FEEE AFLE g 715 g
A A ERIAA gEFE 7150l "AlE gl Aol Atk (Fig. 14>¢] ‘Sign Language Ring'
AAE ZEafolrt AF Aol 7hssith (Fig. 11 F3ko s AAHNFE WAG TR AEo|H, &
= A7l otolES 9% REET VV-Talker dAe ZA EAR HgalFE 7lTe] Aoy A2
Device 2 4g]& dlo] Tl 58S We + U= FHE ol ol FA ¥l AN 6/ vAY FH
5 EoF e Jlo] SR 49 AEE st g0l BHte] Slvk (Fig. 159 W71 5A st A&7
Bake 58 F50 FLHAT FE A 5 79 & A7geNIo] ALgshE dolE A3 FFe 7
o FFH EHF]l Y& F Atk (Fig. 129 ol Al o] AES AHAF rataT FlE
‘Aria’e AU ES ZAE 7Y Ak 2U0F, & el F=AN BE 71715 4 AL thqoRdith
{Table 3> Communication instrument of hearing impairment
Production Feature Strength Weakness

The watch shows the
vibrations of two rings
detecting danger sound.

<Fig. > V|ber|ng
(Yankodesign, n.d.-a)

Detecting danger outside
the field of vision.

No perception of communi-
cative tools.

Technology has become
decorative in the form of
accessory.

You should wear both the
ring and watch at the
same time.

Lns
‘=
{Fig. 8> Application
(ryueyes11.tistory, n.d.)

TTS application to covert
text to voice and print it.
STT application to covert
voice to text.

Fast and accurate delivery
through visualization for
people with hearing
impairment and thus
limited sound perceptions.

Time requirement for
conversion.

Applicable only to people
with hearing impairment of
high understanding of
Korean system.

People with hearing impair-

for communication can hang
the product on the hook
and communicate through
it when doing another job.

{Fig. 9> Hang up
(Trendinsight, n.d.)

ment that use sign language|.

People with hearing
impairment can use their
hands freely and experience
less inconvenience when
using sign language.

Mobility is limited when
using it.

The UI fit for people with
normal hearing is applied to
people with hearing
impairment.

u
E a It was designed to detect
@ J various sounds and
{Fig. 10> Smart Watch
(Bizion, n.d.)

distinguish and confirm
them immediately.

In case of danger, it sends
out an alarm and, at the
same time, warns other
people.

It can be used only when
wearing a watch.

It helps to learn to speak
by using an auxiliary
device.

CFig. 11y VV-Talker Device
(Yankodesign, n.d.-b)

It helps to improve the
speaking abilities by
capturing the pitch and
following it.

When wearing it, users
may experience discomfort
of pressure on the neck.
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{Fig. 12> Aria
(Yankodesign, n.d.-c)

The bangle-style bracelet
shows many different daily
sounds in light and
vibration.

Made in a sensible design,
it can double as a
bangle-style fashion
accessory.

It can display vibration and
light only for six situations
to be entered.

L

{Fig. 13> Ring
(flipbuyco, n.d.)

The finger vibration alarm
watch generates vibrations
on a set time based on the
ring-shaped alarm device
on the finger.

The microchip and small
vibrator in the ring
generate vibration instead
of noise.

It can only vibrate for
reaction purposes.

It can check only the alarm
watch function.

<

{Fig. 14> Sign, Language
Ring
(blog.daum, n.d.)

A set of ring and bracelet
to detect movements of
sign language and translate
them into voice.

Spoken language is
translated into written
language on the bracelet.
Users can designate certain
movements to it. Even
those who are not good at
sign language can use it.

It is small and thus easy to
be lost.

Users have to wear three
rings in three fingers on
each hand.

<Fig. 15>Multi-functional
Finger Language
(ufcom, n.d.)

It converts sign and finger
language used by the
disabled into written
language on the LED
display.

It solves the communication
difficulties with people with
normal hearing.

Users have to carry all the
devices with them all the
time, thus taking the risk
of poor social appearance.

s b

- ilf__’-
(Fig. 16> Talk with hand
(metamotion, n.d.)

The glove-shaped module
processes the entry and
sends out human voice
through the speaker, thus
making communication
easy.

Helpful for people that
need conversation by
writing.

Smooth communication
with each other.

It takes time to enter a
text in the glove switch
sensor and convert it into
voice.

2

<Fig. 17> HERE
(BENEFIT, n.d.)

This lapel hearing aid has
a special film that reacts to
electricity.

It promotes fast perception
with the transmission of
vibration converted from
sound.

The design does not suit
well the people that sweat
a lot during exercise.

<{Fig. 18> Smart Gloves,
(iteen, n.d.)

The smart transformation
sensor is attached to the
glove to assist
communication in sign
language.

Words appear on the
screen, which helps
communication with
common people with no
knowledge of sign
language.

Users have to wear the
glove to recognize words,
and there are differences in
the rate of recognizing
words.

VN

(Fig. 19> Enable Talk
(bloter, n.d.)

The glove translates sign
language based on 15
sensors and software.

The mobile device converts
sign language into spoken
language.

Words written with a
finger can be recognized.

It recognizes only about 50
words, thus being limited in
word selection.
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2y 2Eo 4Fsd 27 U9 grapdeS 5 AR B4 ARE Al 7+ ARFUA A, A
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FA=E e Aol EAoltt. A kgt AF AN AMEA 27 E BA ST
o2 wgtzo] wE Qo] JHE3AT Foly £ Z BEFOE H7Pgele] Y=g B4 A,
H8F Ao dl71A] Ea Agste] wAT £ glon Azt e ARUYANAE 93 EFEE FUE
tzelgde] vk whxdo] Atk (Fig. 18)¢] ‘Smart (46.6%)3 BA7(266%), & F 7IAE 34 ¥
Gloves® 2WlE WHAME Fxtol] F-2ste 53} Y (268%) 3L AA2H, ol F 80% °1el AR
Qo] 7Hget Fe] EAelt}, o Az EAvt g UAleld s T wfel olEwel vk ek
Hel Ueh} F3E REE dukolie 9atiEo] AFYA A S ARF Aol FHA F
7bedt Aol o Azt #ZE Ak <14 sbE 7H733%) 3 ANZH267%) 02 A w7 A5
3 BHGe] 9low wo] <X &£k zo|rh gtk o, 7154 Z9 ol9d RES A43} = SHd
(Fig. 19>9] ‘Enable Talk'= ol A3Hs 719 F3& XM 83% o1/e] S8 WhEE Bt
S8 FE AFLEA EUEeR HAE AW <4 T8 Tt B wx o] ds ZAEse
o] 7bsate] FEES SACE WINAFE AR 2UtEFE 459 on, LEDS} 7o) Bo A= A
o] it 5099719 ©ol AMElelglz Alke] Ytk 3 F7402 AAHE AFHE Fzo] wFo|itol
Hzpgo el A AEA o7 AMEH T glE v 733%, BE°] 267%Z H3ll EF7t FAHd U
A ARFUANA =T AEFEY A 2AIE EFE) S 3%
EA FEHES B43 A3E (Table 3)3 2o JH82 Hzpgeie 43 EAd s
Aol Wl AFUAIM Abdl A B(333%) 3 2(26.6%), £(20%)9 AAA <QUH
2 2N Ax S 93 AnEFE AA, soj 2~ Wl AlZts F7hel AFYA A 750l
A7l el Zhsh AAAe JAAE A E &§E de U EE JHIER AnfEF e
sl NZZhe YEug Esie] Hddd ARY do Ao UFHI Ut
Aolde BEHoR woFET B4, F3E L2E A7 el Mol d AFUA|AS A3 <
A BEAQ AtAaFo] shgai, AlA, Az YEH AuEF Ul shomeele =ES 9
7% AR Fdate] FzPFeleA 22 o ARE2E 8 AP B4 Ax 9 =9 dolEHE
3 ARE Azt 2 7+ A5 7 st AAsE (Table )2 A& st
E4e] it
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F C|Atel Zto|=etel
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(Table 4> User requirement analysis for the non-verbal communication between people with hearing impairment

Survey and data of user needs

Findings and discussions

Communication
among people
with hearing

Use of communication
tools.

Communication tools: smartphone(46.4%),
hearing aid(26.6%), using two at the same
time(26.8%)

Inconvenience when using
communication tools.

Positive responses to the use of communication
tools.

Other means of commu-
nication in addition to
communication tools.

Communication : Sign language(53.3%).
Conversation by writing(20%), Spoken
language(13.3%)

et
(13.4

impairment  |\Methods of communica- |More than 80% of communication difficulty
tion among people with |derives from communication among people
hearing impairment. with hearing impairment.
Methods of communica- |More than 80% of communication difficulty
tion with people with derives from communication among people
normal hearing. with hearing impairment.
Interface : tactile sense(73.3%), light sense(26.7%)
Smart clothes for people .
. . . . Modules have become decorative: more than
with hearing impairment. .
83% showed positive responses.
. |LED(light sense) & Vibration(tactile sense) :
Methods of |S for th t n . .
¢ O.S O. enses tot . e‘percep on Positive results with 73.3% and 26.6% saying
communication |[of communication.

satisfied or more and average, respectively.

Positive LED technology
for superficial signals on
smart clothes.

Smart clothes to put on not to get help from
others.

Preferred areas
of perception

Forms according to the
sensing of smart clothes.

Reaction by the tactile sense: The preference
of attachment to the hand(53.3%) & arm is
high.

They want to perceive through the touch of
vibration and vision of light.

Sensing according to the
wearing of smart clothes.

The tactile reaction is preferred for its high
physical reaction speed.

Built-in communication features: the body
becomes fit for situations and
purposes(33.3%). arm(26.6%), hand(20%)

Functional elements
needed in smart clothes.

It is attached to the clothes, leaving both the
hands free.

Hand
(20%)

= The body
(33.3%)
= Arm(26.6%)

Hand(20%)

BEAE 4714 B2 220 AGAH, &R, 9 ARUAE P4 FAEN /%S B3]
FEAY, AAHOE FRIAGOH, UL BAE A4S 42 Fo AUS 5F ASHEE 69
e F b B 229 ASH, B-REAY, 2 on) BRR2 /1S B 20E E9 24, A%,
Y4, AEHOE T solteiele EFse] A WY, SNS, AP FARRE LED 54 AR A
873 274 W AA ST, 4% 4 IS TIPS LEDS AFOE AE

HaEEd BAEE A4, A FHAAE T A7l A4S ¢ AES gtk ok 3742 Has
Eo] AHEL ABAL FUHAA) 9% A B o A% Aoz AAGLA st AR 9AS
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A3 wodalgnh B4, %ol RES - RAYS  UES AASG oAgoR tE niEgfs)
485t BE O doldlel A4sE FAL A B beHus Adske] AAHES TA® 2o
93, 0B Fol BE AviEcRole] 84 2 v AR BES @ R3] AgRe] TPOA AFs
ga4e] AAseEs stk A, Bie JlsAe  E% oosl AAsac

FEAYAE 48RS A B AT el BRI AL A, A ERelAE 7]
AEAS 50 e BeF BES G- RAT £ &9 FHHI} o FAAAR HE A AFE s/

{Table 5> Design guidelines for the non-verbal communication between people with hearing impairment

Section Element User requirement Application plan
Visual sense: Users can perceive informa-
I have to use both hands freely, and the |tion such as text messages and calls on
product should be convenient to use based |the LED display of smart clothes and call
on the intuitive interface. people on the LED display through the
Usability Communication: visual(LED) and tactile |wireless communication technology.
(vibration sensor) method. tactile sense: Users can perceive informa-
Interactivity: Its usage and management |tion such as text messages and calls on
should be relatively simple with easy the vibration pad of smart clothes and call
communication. people on the vibration pad through the
wireless communication technology.
Technology The module should be attachable and
concept detachable to the clothes
. ’ . The attachable and detachable feature of
Its maintenance should be convenient the module
Disadhesion |through the attachable and detachable L. oy
The optimization of wearnet within the
feature.
It should have multi-purpose and compa- module.
tible nature.
Purpose- |It should have specialized functionality It was designed to attach and detach the
fulness |based on the situations and goals of users. |module according to the taste of users.
Economic |[It should be compatible with other smart |It was designed to attach and detach the
feasibility |clothes for economic purposes. module.
. The technology should serve decorative It offers a visual decoration feature
Usability purposes, as well. through an LED light source
It should not feel like a computer device. ’
The collar can be attached and detached
It should be fashionable through module with a fastener.
Disadhesion |attachment and detachment and The module is installed in the jacket collar
) compatibility. to support the attachment and detachment
Design feature.
concept
The formative elements and their charac-
Forma- ter}stlcs should be analyzed to satisfy the There are detailed changes to the basic
tiveness unity of clothes and module. items
It should be wearable on a daily basis with '
no repulsive design like a computer device.
.. |It should be designed in a structural design|It was designed to be worn on the upper
Wearability . .
according to the body changes. arm or forearm with fewer movements.
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Programming of
Smart phone
Application
(Illustration by
researcher)

Wireless
Communications

Prototype

A

Prototype

B

e

Vibration

Bluetooth Bluetooth

{Fig. 21> Technology concept for
non-verbal communication between
people with hearing impairment
(lllustration by researcher)
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(Table 6> Prototype features and design for interactive smart clothing

Prototype A |

Prototype B

Technology concept

Visual and tactile feedback of communication based on bluetooth and wireless

communication. Interactive System

for the non-verbal communication

) silhouette blouson style & incision line | raglan style
Design fabric Outer fabric: Denim , lining fabric : Polyester
concept
color Dynamic feel based on the color arrangement of denim materials.
sight LED reactions by Cellphone A and Call B. | LED reactions by Cellphone B and Call A.
. sense of |Vibration reactions by Cellphone A and Call| Vibration reactions by Cellphone B and Call
Technical
. touch B. A.
details
. . The collar can have a conductive fastening interface switch attached and detached.
disadhesion

(Users can choose a module according to their tastes.)

Composition of

LilyPad Arduino 328 Main Board, XBee ImW Chip Antenna,

B

S

modules Smartphone & Bluetooth module, Vibe board, Lithium Ion Battery, Conductive Thread
Calls to B in real time based on wireless Calls to A in real time based on wireless
communication result in visual and tactile communication result in visual and tactile
reactions on the clothes. reactions on the clothes.
A’s text messaging, call, e-mail, SNS, and | B’s text messaging, call, e-mail, SNS, and
alarm information can be perceived in the | alarm information can be perceived in the
visual and tactile sense. visual and tactile sense.
N O N\ |/ N [ I
(((T))) O R (((T))) O N
Calls to B in real time based on \Ilisuall a:d tactile reactions on Calls to A in real time based on \ﬁsuall a;‘-d tactile reactions on
wireless communication the clothes to B wireless communication the clothes to A
\l P W VRN . J
Interaction / \ /—\ / N\ /—\
scenario
(Workflow) D\\ *)

T

Smart phone A alarm
information can be perceived
to bluetooth

Visual and tactile reactions on

the clothes to A

(lllustration by researcher)

Smart phone B alarm
information can be perceived
to bluetooth

Visual and tactile reactions on
the clothes to B

(Illustration by researcher)

a

(Fig. 22) Interaction prototype A, B (Photo by researcher)
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