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ABSTRACT

Preventing accidents during various traffic accidents and night activities requires an inclusive LED safety
vest design with the concept of safety design and inclusive design. In this study, we intend to develop an in-
clusive LED safety vest using a wearable computer, Arduino LilyPad, and a light sensor. In addition, when
developing a fashion design with a wearable computer function, the design principles and characteristics to be
considered based on the concept of safety design and inclusive design were identified and a guideline for
producing a wearable computer design was proposed. By applying the inclusive LED safety vest manufactur-
ing process and guidelines derived from the theoretical background, a wearable computer hardware device
called LilyPad and an illumination (light) sensor that detects the driver's environment can be used to light
the surrounding environment without a separate LED control device. The function is set such that the LED
light comes on according to the brightness of the device and an inclusive LED safety vest that can be worn
by anyone of any age is designed and manufactured. Through this process, the concept of safety design and
inclusive design is intended to be helpful as basic data that can be applied to fashion design and wearable
computer design. We hope that the various causes for which the inclusive LED safety vest was the main fo-
cus will help prevent traffic accidents and accidents that occur at might, and for this purpose, research on

the commercialization of the wearable computer design developed as follow-up research should be continued.
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{Table 1> Characteristics and Common Keyword of Safety Design and Inclusive Design

Characteristics of Safety Design Characteristics of Inclusive Design Keyword
A design that appeals to the Everyone should be able to
Preven- senses such as sight, hearing, Inclusive | tolerate it safely, easily and
tion and smell is necessary so that with dignity.
the user can sense danger Respon- | Considering what people need
Easy to | Needs ready-to-use designs in sive and want. Safety
use case of unforeseen accidents It should be recognized that .
| Accessible design is required so Flexible Veryldlfferént people can use Inclusive
Accessi- . it in different ways.
. that all users can easily check
bility and use Anyone should be able to use || Necessity/
Con- . . .
B ) ) . it without much effort or help Functional
. Equal and considerate design is venient
Conside- from a helper.
. necessary so that everyone does .
ration not feel discrimination or anxiety. Accomm | Everyone should not be bound Convenience
odating by age, gender or mobility.
function Safety cqmes first, but requires Obstacles that could have Reality
a design that meets the Wel- . .
support £ the fancti coming been excluded by certain Accessibilit
purpose o € lunction people must be removed. y
Ob, - L .
tijzrz A design is needed to find There should be a broader
mana- solutions by steadily observing Realistic | solution than a single solution
various dangerous situations. that evens out everyone.
gement
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{Table 2> Process Comparison Between Safety Design, Inclusive Design and Fashion Design

Safety Design Process

Inclusive Design Process

Fashion Design Process

Raising a problem: It is
necessary to identify the
characteristics of the object to
be designed and the cause of
basic safety factors.

Analysis: Data management is

1. Manage: What should we do next?
- Review progress and plan the next steps
- Refine the product goals
- Build a business case to demonstrate the
product’s potential for profitability
- Ensure that all project partners share a
common understanding

. Acceptance: The step of

observing and accepting
the problem from various
angles as a concept
definition process to find a
problem

necessary by detecting risk
factors as closely as possible.

Verification: Safety design
guidelines are required to
determine whether a solution to
risk factors is appropriate.

Design: Design is necessary so
that users can intuitively prevent
risks through design and enable

2. Explore: What are the needs?

- Create a stakeholder map of the people
involved with the product

- Observe users to uncover what they
really want and need

- Generate personas to summarise the key
users

- Describe how the product would be
used, using user journeys

- Capture a list of all the needs that the
design solution should satisfy

. Analysis: The step of

clarifying the problem,
recognizing the goal, and
analyzing all possible data

. Ideation: Steps to develop

ideas by exploring intuitive
solutions

quick accident response in case
of an accident.

Evaluation: It is necessary to
evaluate whether appropriate
procedures and check items are
checked throughout the safety
design process, and appropriate

3. Create: How can the needs be met?
- Stimulating a range of ideas
- Developing concepts by combining ideas
together into complete solutions that
could satisfy the needs
- Making prototypes to demonstrate the
concept

. convergence: The step of

critically analyzing the
proposed idea and selecting
the best one

. Implementation: Developing

an action plan by
calculating a final solution

solutions.

Maintenance: From the
introduction of the result, it is
necessary to maintain and
manage the manager as the
subject, and if it is damaged, it
moves to the stage of raising
the problem again.

4. Evaluate: How well are the needs met?

- Review the criteria that will be used in
the evaluation

- Test with experts / Test with users

- Estimate the number of people who will
be excluded from using the product due
to the demands it places on the user’'s
sensory, motor and cognitive capabilities

- Present the evidence from these
evaluation activities, to drive the
objective choice of the lead concept

. Evaluation: Steps to

implement the solution and
verify and evaluate the
solution through previous
steps

(Lee & Choi, 2014: Inclusive design process, n.d.: Oh & Lee, 2007)
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{Table 3> Wearable Computer Design Guidelines Applying the Characteristics of Safety Design and Inclusive Design

Process Keyword Wearable Computer Design Guidelines
" Necessity/ | Understand the reasons, targets, and functions of wearable computer
Problem recognition . .
Functional | design.
Information collection By identifying the necessity, relevant information such as competitors’
. Reality products, related markets (prices), and required characteristics of fashion
and analysis .
design are collected and analyzed.
. Based on the previously identified information, ideas related to size and
Inclusive . .
o color are presented so that as many users as possible can wear it.
Presenting ideas and - - - -
designs We present a fashion design that considers the dressing method,
convenience |material, and management method so that anyone can wear it easily
and comfortably.
Samples are made so that anyone can easily access them, and they are
Prototvpin Accessibilit used to provide a variety of users. At this time, the problem that
ypmng v occurs is identified and corrected to complete a final design that suits
each user.
Whether the wearable computer design produced by necessity is suitable
Evaluation Safety for that need, whether it is safe when using the function, etc., evaluate
through the user’'s wear and complete the correction.

(Table by researchers, 2020)
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{Table 4> Analysis of the Status of LED Traffic Safety Related Clothing

Image Necessity Functional Reality Inclusive Convenience Safety
g u * LED signal
* Night mode(button) « Green
- . activities to left, right, ’
H g such as forward, sto * One size * Nylon Orange
. + SO 60 : * Buckle LED
running, emergency adjustable .
. . fastening * Manual
cycling and signal iabl
. = walking - USB avarable
<Fig. ]> Riding Bag Vest rechargeable
(Maniashopp.com, n.d.)
- Polvest * White
* Push button 'S~M/ | 0P| LED in
* Motorcycle, on/off . $50 *L~XL reflective front
cycling * USB * 2XL~ tape * Red LED
<{Fig. 2> LED Motorcycle & rechargeable 3XL « zipper on the
Cycling Vest back
(Kwiksafety.com, n.d.)
* Night * Poly mesh
activities * 3 lighting . Retro-} - Red LED
such as modes *S reflective
. * $30 * Manual
running, * Battery *M tape .
. . available
{Fig. 3> Safeways LED cycling and required * Snap
Running Vest walking button
(Nacycles.com. n.d.)
. Power button - White
* work place in front * Poly mesh LED
* Fire pocket . * Retro-
L L * One size . * ANSI 2
fighting * 3 lighting * $60 . reflective .
. adjustable certified
* Night modes tape - Manual
(Fig. 4> ANSI Class 2 Vest activities * Uses 3 AA * zipper labl
with LED Lights and X batteries avatlable
Reflective Back
(Majhoods.com, n.d.)
\ * Push button
\ . 1
\ ng.hF . on/off * Polyester * Green
| activities * USB
J . * Retro- LED
such as * Monochrome, * One size .
. . * $60 i reflective Tube
running, flashing 2 adjustable
cycling and modes tape * Manual
¢Fig. 5 Amphipod Xinglet ves « zipper available
) walking - USB
Optic Beam Vest b bl
(Rei.com. n.d.) rechargeable
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Necessity Functional Reality Inclusive Convenience Safety
N * ID panel * Polyester
. F . ~L
1rfef1ght1ng, allows you S and PVC * Red LED
police, to input " XL~ * Retro- strap
EMS. desired text | - P10 | XL reflective | + ANSI 2
security, * 4XL~ L
) : * Rechargeable tape certified
{Fig. 6) Safety Vest With ID | etc. 6XL L
power zipper
Panel
(Buysuperiorled.com, n.d.)
* Power
button - Polyester * Red LED
* Night - Fixed, Y in front
. . and PVC
activities flashing, - Retro- * Green
such as quick turn . $29 * One size reflective LED on
running, directions 3 ’ adjustable the back
) ) . tape
(Fig. 7> LED Reflective cycling and modes - Buckle * Manual
Running Vest walking * Battery fastenin in 24
(Innovagoods.com, n.d.) (CR2032) & languages
operation
. Power * Poly mesh
. N . -
arllé(giht e button W * One size iefiztive " White,
s * Battery red LED
activities ) tape
required « Velero
<Fig. 8> LED vest
(Smartstore.naver.com,
n.d.)
(Table by researchers, 2020)
A= o glTh oldl SHHTIARRL, JEFFAE LED®] Zz3t A w2, ddAddAe 714, ¥
UAY B4 F FEOE B2E Gl9 0EE  BA/EEANAE AoZ, BelRdME H P
A 71FeE dA ) F1 LED 2Bk ¢ W3 2A, tHAdAME LEDY ZE, AH84dd
4 RS QSFAE LED 27 A% A A9 FHoz PASYT 123 £ 9
e, 24, de, 7l 55 Fastaa st TFAA ARSI A st Aol LED bdz7]ol B
671 7195 F FL8AF 75 st 84 2 A Ay de ZAFXHEE F LEDVH
0B Fol FRAW, BA REME wE Re  PHE aF g4S FPHoR B4sol
AN, AA AFl AEHIL Y A FHLE (Table 42 A5t}
A ACE HIA2 At I3A o A7 A€z JE LED wEord oAFig
S0 #E AF BAL o4 FRAAE AME 1-8)2 LED H&o= qls| ok &3t A
e Ode ZHoE EXF, JSAdAME e WEer 3 7] AEdo]l tiREoldith
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F, AAAL "ol ZE AREste] oF7ke] THAAE

oS =tk 2de 3 A7 Ex ol OFA] o] 27 wjAoA Am E rAHTIAQ 2l
2ot LED] Aee wzk 224 g Fo FEAE U9, ATl ZEAAE A
E AREEACH, O 9] Ay AREEHA 4% o] gojEE AFE Aol Az sfo]tael)
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{Table 5> Manufacturing Guidelines for Wearable Computer Design and Manufacturing Process of Inclusive LED Safety Vest

Process (Keyword)

Guidelines for Wearable Computer Design

Manufacturing Process of Inclusive LED
Safety Vest

1. Problem recognition
(Necessity/
Functional)

Understand the reasons, targets, and
functions of wearable computer design.

To prevent traffic accidents of various causes
and accidents that occur during night activities
Needs clothes with good night visibility

2. Information
collection and
analysis(Reality)

By identifying the necessity, relevant
information such as competitors’ products,
related markets (prices), and required
characteristics of fashion design are
collected and analyzed.

Analysis of the status of currently sold
LED safety vests (user, LED power supply
method, price, wearing method, used LED
color, etc.)

3. Presenting ideas
and designs
(Inclusive/
convenience)

Based on the previously identified
information, ideas related to size and
color are presented so that as many
users as possible can wear it.

Suggestion of shape design, material, and
color applying traditional baeja that can
embrace the emotions of various people
Development of LED function considering
visibility and user convenience at night

4. Prototyping
(Accessibility)

We present a fashion design that
considers the dressing method, material,
and management method so that anyone
can wear it easily and comfortably.

Developing patterns so that various people
can exist in one size

Selecting an Arduino lily pad material that
is easy to wash and the LED color to use
Arrangement of LED, lily pad, and illuminance
sensor and make connection circuit diagram
Real prototype production

5. Evaluation
(Safety)

Samples are made so that anyone can
easily access them, and they are used to
provide a variety of users. At this time,
the problem that occurs is identified and
corrected to complete a final design that
suits each user.

By evaluating the wearing of the actually
produced inclusive LED safety vest, check
whether it is suitable for solving the
problem identified in the problem recognition
stage, and confirming corrections and
supplements
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& & A 847 ®ol Ark(Lee & Cho, 2009)
olel d= HF wiAe] FFH SAHAES EHstd
AFFEAHE LED eHdZ7 tApele #&3 tx

{Fig. 9> Baeja of the
Middle Joseon
Gyeonggi Museum
(Emuseum.go.kr, n.d.-a)

{Fig. 10> Baeja of
Gangneung
Ojukheon City Museum
(Emuseum.go.kr, n.d.-b)

wjabeh Ami7h EAG lem Zolrh gol =

al
IovkE A o) TR AN B, ©E,
A8 #HA, vz 25 o] Hri(Lee & Cho,
2009). -27F &3 &3 gle v A 7
FE FE YAD Aotk (Fig. 91D IFF
AlB LED {FdZx7 tAsld %

olth.

El}r“,
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=
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2) AFFAR LED A =2719) vad A4
(e, e, £=A4)
AFFAIE LED ddx719 Fele A% W

o9 54 F B o)F AL WA 28z B9

16). AY2 g wize] o9 gl 5 Aare
o Age Fheded. ol dHs Fd AT

JIZFAIE LED b x7= 445S i 9
of 9t 2ol AU 2AE ohgEololA
AEIE FE W B el dE 98 A
$ekFig. 120, 130 W BYE BE )
53, 0, Fol & 0 Y5t ol AHF 37
S #4% # 9E2 4t 193 ) A4S

{Fig. 11> Baeja
Seok Juseon Memorial
Museum
(Museum.dankook.ac.kr,
n.d.)
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{Table 6 Inclusive LED Safety Vest Design

o e Ao s} 7440l
% o) vol Ael2 A48k 0H Choi
et al, 2014). °]¢} 722 W8 (Table 622 A
SN

A AdE "4 dv) ¥4 LED HAdz7=
giE A9 WES §3 LEDE 24T F A=
5 =ol Tk e ALY, 117] 7T e W
g AgS T F e & HEC] ol AT
gl mek £o7 A A oF st FEo
AT TeF AREATE EE & ofle Wy A

Schematic Drawing (Front / Back / Side)

A7 HkAL 2k
g A < /7 22l 3em
4E, 4% lem

7}& % 50cm

Colors & Fabrics

{Fig. 12> Functional {Fig. 13>0xford {Fig. 14> (Fig. 15> (Fig. 16>
Outdoor (Rami Single) Functional Fabric Retro-reflective Fabric  Retro-reflective Fabric  RubberBand
Fabric (normally) (shining) Bmm

(Table by researchers, 2020)
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&o] EHS A3 2o BIMEE 5 9 AlE LED bHZ7 A=F Al AMEg ddgls A
o, &35t v Age] YT F& 9t} o] F8 A5 I =(Fig. 17), 2EAMFig. 18),
€ WUAE] f3 B A7 AFFAIE LED & LED(Fig. 19>, A=A A<Fig. 20>, =& 2I<Fig.
Az7d e &0=2 7o ¥4 §l& LED ¢4 219 A3 7/E (Table DE A3
Z7E WLt &tk oldl dolHE HFE AFFAIH LED Stdx79] 7|52 AHeA
Ql obfol: EHES FH G YWE A=A Hel By TS XL AANR 7RG FE
g F JE ZRAME AR o] Zrol wat LED $ol] HH3s] Zuto] At g
offFol HHHEE R Y F e F Zato| £ & o} ol dEHEE I AMHEAF
< AFHE AFEH 38 dFo] oy EE F+ 02 AFskA gol= LEDd Yol AF, A
U g4A At o™ E 7718 ThE F e HEE gt Aot ol 8 A A ule}
o] AE HEE HIoth o] obFo|kmoA] Al H3le ZEAAY e Rt AFFAIR
T AZEOE 83ty d3le TvE = LED ¢Stdz7l= UFE A9dA AeHe As
2aHW(EY) & & X, gt 9 22Tt FEsted 0™ 7Al, &% A3 e E IAsR
2EHo] o OE Aol AT A2E SE3) ), AY 64, W 10419 A9 2= e HXAE
o JfEets dojEE 71719 Zledd 92A WA Atk HAEE ZTAAE HEES £ Qe
7be3ltH(Cha, 2017). 133l obFolx HEHE gl s AFHE A4dsy, e 2
= A& AlA, LED, A ZAX7t 2 YA o AAME oo SHOZ A4t AFE S Ee
= 7)sol BE 23 7hed AlA, LCD "HAE Yo AAge] gorzg wg AY FFS ¢
#o] 5 Abgo] 7hsdith B AFelA A € e AAdstA &gtk 1 A3 a7 As o
gHEE MEe] 7testd doidE AFH 7T = ZEAIML gho] 1000 oo ® =A ugkoe
< 7H g AR o n)p- &oldit AEF o, o) 725 BEX §lo] ofFE e ZEAA
{Table 7> Materials of Inclusive LED Safety Vest
Designation LilyPad Sensor Display Thread Battery
¥
SO
-,
Image R ==
CFig. 17> (Fig. 18> <Fig. 19> LED (Fig. 20> <Fig. 21>
LilyPad Arduino LilyPad Light Module Conductive Auxiliary battery
328 Main Board Sensor (Kitschool.com, Thread (Taken by
(Sparkfun.com, (Sparkfun.com, n.d.) (Sparkfun.com, authors)
n.d.-a) n.d.-b) n.d.-c)
B Thlfs boa;c\i] VZIH Breakout board
run r05rr\1/ ° with an - Operating - 12UM Stainless | Rated input and
Informati _ 14 Dieital 1/0 ALS-PT19 light voltage 3V steel fiber output DC 5V
formation g 4 sensor built in - Operating Resistance (Q/m) 2.0A
pums Outputs voltage | current 10mA D7 10,000m Ah
- 6 Analog pins 0V ~33V
- ATmega328 o
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{Table 8> Light Sensor Value Test

Test 7 am 3pm
Time (When bright)

3pm
(When dark)

6pm

10 o'clock at night

Connection Q

look

Sensor 860 1015 390 120 6

value

(Table by researchers, 2020)
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{Table 9> Step 1: The Inclusive LED Safety Vest Pattern Development

JAFFAE LED K7 &

Front Side-1

Side-2

Back

Woman I
(L)
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{Table 10) Step 2: Monochrome LED Illluminance Test

Red

Yellow

Green

Blue

White

3

014 Foot-candle (FC)

10

0.93 Foot-candle (FC)

15

1.39 Foot-candle (FC)

14

130 Foot-candle (FC)

603

56,02 Foot-candle (FC)

(Table by researchers, 2020)

{Fig. 22> Step 3: LED, LilyPad, Light Sensor
Connection Schematic

{Fig. 23> Step 3: LED, LilyPad, Light
Sensor Connection Schematic

@ 20201228 | 010/ 1.8.13 (Windows Store 1.842.0)

o2 EBE ANA S =S

rowPinNo[€] = {2,
colPinNo[é] = {3,
htnessPin = 27
{

0, colPinflo;

15t Cell cells A1L[4] =
{

18, 8}, {12, 13}, {2, 3},
114, 153,

g

cnst Cell cells Allb[2] =

{
{6 7}, {10, 11}
i

<

@ 20201228 | 0FF0IL 1.8.13 (Windows Store 1.8.42.0)

foy Bm 257 £ 22

& 8 10, 12, 14}; =
7,8, 11, 13, 15};

/4 Serial init
serial
cellsInit();

(9600) ;

void loop()

int bval = brightnessCheck():

Serial.princln(bVal):
if (BVal < 500 )
{

cellsiork(cells A11, sizeof(cells All) / sizeof(Cell),
delay(100) 7

HIGH) §

LowW) ;

© 20201228 | O1F0]= 1.8.13 (Windows Store 1.842.0)

Iy HY AAHA § E3%

clse if (oVal > 500)

cellsiork(cells AlL, =

3
if (wVal < 500 )

cellsiork(cells Allb,
100);
Lswork(cella_Allb,
(1007

els:

1

£ oval > 500 )

delay(s00);
cellsiork(cells Allb,
delay(so0);

cellsiork (cells Allb, sizeot

(cella Al1b) / s

(cells_a1ln) / =

{Fig. 24> Step 4: Programming (coding) Source for the Inclusive LED Safety Vest Function
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{Table 11> Step 5: Complete the Inclusive LED Safety Vest Prototype

When there is no flash

When there is a

flash

Front

Front

Back

Side

()

—
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{Table 12> Inclusive LED Safety Vest Wearing Experiment
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10
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