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Automotive
Materials

* HeaTex
Life Materials « QAETHC| (AL )
- — * PP 2}0|H{ (Polypropylene THd

akERA
RIERRT .
i A
R LY

Luxury &
Lifestyle

AQEZREHE Leisure &
- A7|E DPMA] AXY Lifestyle

CHEO|AL: HEE

- 39 8:1,118%

XpMR: 5,040 2

O =4: 7,400 ¥ (09'H K 7|F)
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1. i-Textiles J1= &




 Film 7|dt9| * E-Paper, E-Book &
Flexible C|AZ 2| 0|

« MX} C|H}O * Flexible Textile Device
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Clothing Today

|

Protection

Passion

Pervasive

Passive

Demanding Consumer

. Tomorrow
 Connectivity
* Interactivity ﬂ
* Natural Innovation
+ Ease of Use
Intelligence
+
Integration
Enabling Technologies
Infrastructure

Electronics

Sensors
Computing
Communications

Consumer = Any User including Doctor, Student, Athlete, Firefighter, Pilot, ...
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* Integration of Sensors and Textiles to Create a

—> ATruly Integrated Structure/System
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Fusion of Clothing and Information Processing System:

Fabric Is The Computer!

« Wouldn't it be nice to be able to design a piece of clothing that
would be a true information processing device with the ability to
sense, feel, think and act based on the wearer’s stimuli and the
operational environment?

The Third Dimension of Intelligence

v KOLON GLOTECH, INC.



Joseph-Marie Jacquard: The World’s First Binary
Information Processor (circa 1801)

Threads: One of Two Positions: Up / Down

Lifting Plan: Sequence of Actions to Weave a Fabric ==
Program -

Store Program in Punched Cards!
Mechanical / Automated

v KOLON GLOTECH, INC.



o5 7lsd| HEXA

Softwear and Software

PC and PC
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The Wearable Motherboard or Smart Shirt

4

A Platform for Personalized
Mobile Information Processing
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Hard to Place a Price on Human Life

Paradigm Shift in the Military: Loss of Life

— Significant Impact on Government’s Response and
Strategy

The Golden Hour and Finite Medical Resources
Saving Lives in Battlefield: Critical Need

w KOLON GLOTECH, INC.



What is the “Role” of the * "

Where Does the “Computation” Take Place?
— On the Fabric?
— In the Fabric?
— Off-Line?
Computing ==> “Energy” is Required
— How Much? Source? Ease of Use?
— “Electric” Cars History
Solution Approach

— All At Once or Step-by-Step (Evolutionary)

w KOLON GLOTECH, INC.



Affordability
Maintainability Aesthetics

Connectability Wearability

Manufacturability
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Translate Into

Requirements

Are Achieved Through _Fabrication

Materials &

By Applying These

Properties

3
>

" Technologies

> Design Parameters

GTWM Performance Requirements

Functionality

Usability in Combat

Wearability

Connectability

Durability

Maintainability

Manufacturability

Affordability

Desired Properties

Materials

Design Parameters

Sensing Properties
*Electrical/Optical Conductivity
*Resistivity (of Insulating Layer)
*Resistance to Signal Disturbances
«Attenuation of Signal

Bending Rigidity

«Flexural Endurance
*Elongation and Creep

sTensile Strength & Modulus
*Weight

sManufacturability

Cost

Comfort Properties
*Fabric Hand

’ *Air Permeability
*Moisture Absorption

«Stretchability

+Bending Rigidity

*Weight

*Tensile Strength & Modulus
«Static Dissipation

Form Fitting
sManufacturability

Penetration Sensing Comp. (PSC)
*Plastic Optical Fibers
«Silica Optical Fibers

Numerical Aperture (NA),
| 5| Signal Attenuation, Bandwidth,
Bending Radius, Strength

Electrical Conducting

Component (ECC)

Copper Core/ PE Sheath
*Polyacetylene Core/PE Sheath

Electrical Conductivity,
L >| Resistivity; Strength,
Flexibility

Comfort Component (CC)
*Meraklon (Modified Polypropylene)
+Cotton
Microdenier Poly/Cotton Blend
Gore-Tex film

Fiber Length, Fineness,
Uniformity (U%),

Maturity, Strength, Elongation,
Moisture Absorption, Density,
Friction, Cross-Sectional Shape

Form-Fitting Component (FFC)
«Spandex

Strength, Elongation, Fineness,
CreeplElastic Recovery

Static Dissipating Component (SDC)

*Nega-Stat

Charge Dissipation Rate,
Fineness

Mfg. Technologies

Design Parameters

+Cost
l Lead To

Design

Tubular Weaving

Y

Warp/Weft Density,Weave Structure,
Warp/Weft Yarn Count

In-Lay Knitting

Y

*Penetration Sensing Component
(PSC)
*Electrical Conducting

Comfort Component (CC)
*Form-Fitting Component (FFC)
«Static Dissipating

Component (SDC)

Wale/Course Density,
Knit Structure, Yarn Count

Embroidery

Y

—Companent (ECC) - — - ____ ]

Type of Backing Fabric, Pattern,
Thread Count

GTWM Assembly

Design Parameters

Cutting/Sewing

Y

Sensor Mounting

Stitch Density, Garment Patterns,
Sensor Locations, Sensor Connect
Technology

GTWM: Design and Development Framework /

sundaresan.jayaraman@ptfe.gatech.edu # KOLON GLOTECH, INC.




The Smart
Schematic i ...

meee Electrical Conducting

3 Optical Fiber
Component

R Basic Grid
=== Optical Sensing = ‘
Component

Form-Fitting . . Data Bus
Component

- Static Dissipating
Component

= == = Sl Transceiver
Comfort Component i ;

A Convergence of Advanced Textile, Sensor and Wireless Technologies to
Enhance the Quality of Life for Humans.
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First Responder at Site Smart Sh”’t |n the Fleld s

Smart Shirt:

Collects and Moves Data

HWll Comfortable, Lightweigh
ll Washable, Durable |,

|

Race Car Driver
Multifunction Transceiver
Stores and/or Transmits Data
Selects Best Transmission Metho

Mountain Climber

Data Transport Through Appropriate |
Communications Infrastructure Off-Site Remote Monitorir*

Triage Station
Research Issues (QoL Aside)

. Networking, Bandwidth, ... Database Management

. Fault Tolerance Knowledge-Based Systems
. QoS Electronic Smog

. Real-Time Processing Environmental Impact

v KOLON GLOTECH, INC.



Georgla Tech Smart Shirt for Infants )

7

g
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KTHROUEHS THAT COULD CHANGE YOUR LIFEIN THE 21ST GENTURY: ,
PY ) UBLE VCIES | WEMORY DRUGS | EOW YOO 0WN G- October 1998

SMART SHIRT

" . ™
AR H I -.|'1:.'
SPECIAL DOUBLE I1SSUE

Wearing

- | Wires
A

{INCLUDING |

Mapping
The Brain

Quantum
Cryptography

= e v iderawa® b foamrim

rom— | g o fy Nrw ek bt el NEMEE S
!-ﬁ. T & ot Socal Nopert an Sesdurisan
5 L s P VTN

wi i WETE ST B ANLE T TaeE
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Make the Computer Wearable

v

Wearable Computing Field

e Itis a Technology-Centric Approach
The Xybernaut Example

* Need a User-Centric Paradigm

v KOLON GLOTECH, INC.



I-Textiles and Wearable Computing

- Hard to Soft
Early 1990s 2000 ~

et o b o e )

Eleksen's iPod System

!

Fashion integrated Electronics

Source: Steve Mann, Wearable Computing: A First Step Source: http://www.angelchang.com/
Toward Personal Imaging, 1997

% KOLON GLOTECH, INC.



I-Textiles and Wearable Computing

- macro to micro

H Electrolyte
O PEDOT

] Substrate
= Electron (8-)
o lon (M+)

Organic Electronic Fiber
- Single transistor on 1 fiber

- Conductive yarn
- Weaving, Knitting, Embroidering---

Electronic Device Attached Garment

w KOLON GLOTECH, INC.
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Textronics

VivoMetrics

e
-
.
-
.
-
.
.
.
o t
. ensatex
-
.
-
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.

e
-

:
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(a) A Pluggable Stand-alone Fabric-based Sensor

(b) Smart Shirt with Integrated
Intarsia Knitted Fabric-based Sensor

Jayaraman & Park

US Patent 6,970,731
Issued November 29, 2005.

(c) Infant Smart Shirt with Fabric-based Integrated Sensors: Multiple Views
% KOLON GLOTECH, INC.



+ 0|F2 F7t FEE B9 2(H)Q HANY d
+ YMN BEHCH: AL O|E, §4YT 858 SUOE ADE O|F HYEl: F4

<« | and Warrior systems include the weapon, helmet, computer, digital and voice
communications, positional and navigation system, protective clothing and
individual equipment. (Land Warrior Integrated Modular Fighting System, USA)

Physiologic-based warning systems for
military aviation

1999: Delopent of Sensor  2003: 15t gen TAILSS
Suite Integrated Sensors,
Biofeedback Control,

2004: 2" gen TAILSS
Chaps Design Trousers,

Miniaturized Electronics
Centrifuge Testing Flight Testing

v KOLON GLOTECH, INC.



« PROETEX (2006~2010)
- Protection e-Textiles: MicroNanoStructured fibre systems for Emergency-Disaster Wear
- e d =250 A= EHUXSE fl AT/EH2F I E
- ZEAXIO| MA| MEHE X, ME, M, IL|E{ZE £ Q1= Wearable System Prototype 7}

AL

» Inner Garment p Outer Garment » Shoes

Inner
“ _ garment

p Civilian Band p Electronics p Software
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» BIOTEX (2006~2008)
- Bio-Sensing Textiles to Support Health Management
- WA, OHHE QIS WA BLE(
- 8 SLETY JiE

p Plastic optical fibers P Textile sweat rate sensor
embedded in textile for
reflective oximetry

P Reflective oximetry using plastic optical fibers

w KOLON GLOTECH, INC.



o STELLA (EC funded project, 2006~2010)
- Stretchable Electronics for Large Area
- M5 U= HXIC|HO[A JHE S 2ITt 7| Xl (Substrate) 7HE
- Foil, elastomer, nonwoven S Flexible Substrate 0] MEM 3|2 23

Technology Concept
:Fﬂrla rigidéseraieh tranition

!

5 A
\"‘E - - .f-’
dmm NN \NANVV I

stretchakle matrix

unctional Demonstratia

» ﬁ‘l STELV-P
f odne

» Fitness monitor (Philips) » Wound healing monitor
(URGO)

» Infant respiratory monitor P Smart passenger
(Verhaert) compartment surface
(Freudenberg, FNM)

» Smart shoe insole
(Freudenberg, NS)
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 Printing P-FCB (Planar Fashion Circuit Board)
- Fabric SubstrateE 0| &%t XX} 3|2 ¥
- 2|2 o e 2 E 7Y

Molding

Screen Printed
ctive Paste

4 jﬁ 100um
—_— —~— P Au Sputtered P-FCB

Kim ys, Kim hj, Yoo hj, IEEE Transactions on advanced packaging, Vol. 33, No.1 2010
Lee sk, Kim bh, Yoo hy, Journal of Semiconductor Technology and Science, Vol.9, No.3, 2009

w KOLON GLOTECH, INC.



Bio Signal
Sensors

LED Flower
Display

Healthcare
Monitoring Chip

p» System integration on P-FCB with capacitive sensor, chip and
LED display

S
a Sensor IC
< Code
Memory
(CM)
= acket
Data @ Schedule |P j'
E Director Radio .
”ﬁ;;’" \rﬂzbg (SD) = » ECG sensor node using P-FCB
i s 2
Temporary 5
A\l:> Memory 3
< B am
i 830mm g

» Inductor channel array implemented on the chest band

Source: http://ssl.kaist.ac.kr/bio/bio_research.html
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* 4Layer -+ = 2| P-FCB(Planar Fashionable Circuit Board)7|= 0| &
- M-S MQHH|LE-2| 27| E-F A 5 HfE{2] f X
’.‘:1%%:* M3 d/dstn, 722 Chipat BiE{2|§ AZotd Holdat 287 4

O L

=S

» llayer: 2572 M=

» 2layer: 2= 0._IE1E1(2.2uH, Q=9.2)
':'*1E1|0IE1 s X[ &

= 3layer: Z2A| S HiE 2|(1.5V, 30mAh)

» 4layer: Xl = QM| 27| &

ds BN & FE

x
i

Zl PET : Pre-Ejection Time
=|LVET : Left Ventricular Ejection Time

3T
e Size: 150 * 150 mm’ 5Ty
o Z=THl: max. 1mm | " Ao

I\ |L J
- Fr- l Mﬂlﬁhﬁ ",, 'M ,’ |rhl|"1n !"I+ Lid 1|I'|'1"l I'IEI JIEJI

Source: http:/;www.asiae.co.kr/news/view.htm?idxno=2010021011230091294
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* POF(Plastic Optic Fiber)E O] a
- 238 f X2 UHS0{E mp3 FHL|K mp3E0|0{E E2H FHL|I mp37} FELS &
-mp3E TH'E HQ 10| A0jof A= 2E HELR & 0|F
-2 SOZES HUX| 20 SIE S = U= HE

i
1
¥
1]
!
i
f
J

%
DN 77

L
=
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» Energy Harvesting Fiber
- Power Shirt
- Fiber-based Nanotechnology in Clothing Could Generate Electricity by
Harvesting Energy from Physical Movement

w KOLON GLOTECH, INC.



« Organic Electronic Fibres
-MEM ME XX E nX}HOo| ElectrolyteE &/ A7 TransistorE H|Z3sl= 22

Planar Electrochemical Transistor Wire Electrochemical Transistor

PEDOT coated fiber .
Transistor

Channel lines
B Electrolyte
E PEDOT
[ Substrate
= Electron (e-)
= lon (M+)

e ® © ® o 4

G
@ @ @" | e © e s
D 40 um
Gate Channel G@ Ao

Source: M. Hamedi, R. Forchheimer, O. Inganas, nature materials, vol.6, 2007
v KOLON GLOTECH, INC.



» Fabrication of integrated fibre device

- Rt N ClHjo]A ZE

It BMSE 018 MG I

ms

» Hollow-core photonic bandgap fibers Xf| &= = &

(b a
Macroscoplc
preform
Thermal £
drawing
Thermal evaporation |
mlm PR—
| @ {nanostructuredﬂbre Z:
a: ZZA A A Semiconducting glass rod0j HAZI M32 =& . Semiconguctor
b: & of E|EE &4 Ad o|-7| |o+ Polymer sheetZ 22 External excitation thinﬂrn
= T =2 O T y [
c HA HE H/5tHo Z2UA glassE =E
d:a,b0f =H|E HHE Ol 312 F
e: XE QEAM HAIA|Z|H nanostructured fiber A

Source: Y.Fink, nature materials, vol.6, 2007
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Towards multilateral multifunctional fibres
that see, hear, sense and communicate

ﬁu:o ustic
\__ | excitation

™
W _\_-\__-\_-\__"—-—\_
Optical
excitation

.
N
""""""""" ;;“"\2(5"

'|
(72072 { Thermal
({71  excitation

. , Dok BN NN Bright
P LR MHMIE HEE M

[

» Photosensitive Fibres

LK ds2 0|83l HX[ Al HE= M| & E& % A X| 510
Zo| MY 9IS ol o|ojx|2 &
Camera Textile Source: Y.Fink, nature materials, vol.6, 2007
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Never be Left in Cold,
Wear Smart Electronic Heating System!

woraln

20094 28Kt =4t

WADE
HEATEX"

BELECTRAIC HEATING SYSTEM
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People +
Environment +
Computing Resources =

Information and Services
When & Where Needed!

—> Paradigm of Ubiquitous / Invisible / Pervasive

v KOLON GLOTECH, INC.



The Four As

Anytime, Anyplace, Anyhow, Anyone

Large Bandwidth

Ease of Information Exchange and Use

The Ability to See, Feel, Think and Act

The Ultimate Information Processing System: Should Have No

N traint
Lonstraints

Human as an Information Node

w KOLON GLOTECH, INC.



One to Many One to One Many to Many

Microsoft = “Live”
Google Earth, Talk, Print, ...
Twitter, Facebook, ...

v KOLON GLOTECH, INC.



Cloud Computing,

T & of 2t = Hir Cf

i

=, T
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e Cloud Computing
- QE{ M| MBS S310] HIOIE KT, HESHI, HHX A & ITZH MH[AE BHHO|
AgE = A= AFER 2

Code
Ac Cloud _ J Computing
Server Mobile
Cloud Computing ?_IE'I IJ.LI ;|:-||1‘T1L'E'|7I$% *I"g'a-l'l:l'-
Database PC ol'gxl'gl nE %E% ?_IE'llitl *ol'gl A‘|H‘|0‘“ I-|I°|"6'|-_Tl_,
Ol & AF IT 7|7| & &5IY

Cloud Computing : o1x OICIME 0/ 71
everything and the kitchen sink K';;::E“
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I-Textiles,
The Challenge and Opportunity!

Mobile Super Thin

Flexible Lightweight

Access Speed

Transmission Speed

@ @
i- Textiles
Technology Convergence
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CONVERGENCE
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