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Why «smart»?

» “Smart materials and structures can be defined as the materials
and structures that sense and react to environmental conditions
or stimuli, such as those from mechanical, thermal, chemical,
electrical, magnetic or other sources”
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Wearable technologies and needs
of end-user segments

» The development of wearable intelligent textiles systems has changed the concept
of clothing.

» Smart clothes make it possible not only to identify, store and transmit data about
the basic values and activities of the wearer's life, and environmental parameters,
but also to adapt to the wearer's needs.

» Integrating electronics in clothing so that the user does not need to perform
unnecessary hand movements for mobile use is one of the main tasks [3].

» The introduction of intelligent textiles has revealed the need for integrated, invisible
and convenient wireless communication systems in clothing 4], that are as light and
wearable as possible [5].
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o0 [Cited: 2014. 20. 01.] http://www.nytimes. com/2011/1o!2 5/SCil
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Wearable technologies and needs
of end-user segments

Speech recognizing
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Factors to be considered before implementing technological
solutions :

]

R
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comfortness of the users with integrated sensors and tags;

ability to withstand several washing cycles with integrated ‘
stretchable electronics technology;

RFID Tag for workers

compatibility to extreme environmental conditions including ol
heat, water, different toxic gases, stretchable conditions etc.; e

Gas sensor for different gas detection

DY

resistance to chemical industrial work environment;

wireless connectivity to some applications or control system.

Possible technological solutions in
different parts of work wear [1]
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Problems

» The development of a smart textile direction requires

extensive interdisciplinary collaboration

- Sensor performance Power and
Sensing elements +  Linearity, range, etc... transmission
And platform = Drift, creep, hysteresis +  Battery cells
*  Sensing materials: *  Durability *  Energy Harvesting:

polymers, fibers, etc.. *  Robustness solar, piezoelectric, etc..
+  Fabric structure: +  Cost Wireless recharging
knitted, woven, etc... +  Antennas and wireless
= Manufacturing: transmission,
Hand crafted, i.e. bluetooth
Machine-made
Smart Software
. Lo . * Real time feedback
Supporting Circuit fabric and anabysi
and Interconnects +  Smooth GUI
+  Single element/ tra n Sd ucer *  PAN integration
Arrays *  Integration with
= Circuit Associated environmental
Architecture tech nolugies EX0SENSOrs
* Topology of = Flexible electronics: Environmental
. ::“o"’na:mmw i.e. e-paper, constraints
t0 DAQ solar cells, etc.. *  Wear and t‘ear
* Nanotechnology = Shear, tensile, etc..
* Information *  Humidity levels
Technology * Operating temperature
*  Proper packaging of
| components
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Technologies to incorporate electronic
components into work wear

>

>

The task of an electric circuit is to connect the electrical elements to
form a functional system.

Electronic elements can be:

O sensors,
O actuators,

O transistors,

O power supplies, etc. that are integrated into smart textiles.

Electrotechnical platforms can be divided into two categories:
O a microplatform (for connections between close-up electronics);

O a macroplatform (for connections between each individual
subsystem in one or more products) [6].
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Methods used to design electrically p-

conductive textile platforms

» 1.Sewing and embroidering
0 1.1.Sewing
0 1.2. Embroidering

2.Weaving

v

3.Knitting
4.Printing
0 4.1.Screen-printing oo
O 4.2. Inkjet printing
O 4.3.3D printing Wie
5. Mordanting

6. Lamination

v

7- Embedding RFID chip in yarn
!
..lll
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Knitted structure [27]

onductive
metal pins

Plastic case :

side
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Printed textile electronic
elements [39,40,41]

[8] Riley, D. scisci.org. [Online] 2017. y 05. 09. [Cited: 2017. y 05. 09.] http://www.scisci.org/danriley/.
[9] Ohmatex. [Online] 2017. y 05. 09. [Cited: 2017. y 05. 09.] http://www.ohmatex.dk/products_textile-_ca
[10] Conductive thread ribbon cable - Black - 1 yard. Adafruit. [Online] 2017. y 05. 09. [Cited: 2017. yas
[21] Instructables. [Online] 2017. y 05. 09. [Cited: 2017. y 05. 09.] http://www.instructables.com/id/Ho
[27] KOBAKANT. [Online] 2017. y 05. 0g. [Cited: 2017. y 05. 09.] http:
[39] Chang, L. CONDUCT!VE INK USHERS IN THE NEXT GENERATION OF WEARABLE TECHN
onducive-ink-sci print- rt-clothing/.
[40] Nanowerk Conductlve ink improves mechanlcal durability of printed e-textiles. Nanow
hnology_article id= php.
[41] Honga, J. Univ. af Tokyo Researchers Develap Electrmty Conducting Ink The Wa
[Cited: 2017. y 05. 09.] https://blogs.wsj.c of-toks
[43] media.mit.edu. [Onlme]2017 y05. 09. [Cited: 2014. y 02. 09.] http://web.médi
[44] flickr.flickr. [Online] 2017. y 05. 09. [Cited: 2017. y 05. 09.] https://www.flickr.
[45] etextile-summercamp.org. [Online] 2017. y 05. 09. [Cited: 2017. y 05. 09.] h




Example: electrically
active knit structures

» Integrated electro conductive yarn in knitted structure
Knitted structure

Electric conductive zone
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Mation sensors

. . ®
Textile sensors and switches ®p ®®
B B oo Temperanre
Pressure sensitive sensors ® Blood Pressure

® Pulse
© ECG(Electrocardiogram)

H H @ ectroencephalogram,
Electric conductive connectors system O Eidatecnomegrans
® ® % IGSR;(Galvamc Skin Response)
mpedance

Measurements of biomedical signals © sovement

.BloodGas(OQ, CO,, N,.. )
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Zipper switches [73,74,75] Textile electrodes [59,60,61,62,

[6]Jeong , K. S. un Yoo, S. K. Electro-Textile Interfaces Textile-Based Sensors and Actuators. Smart Clothing. Technology and applications. bez viet. : Boca Raton: Taylor and Francis.
Ipp. 89-213.

[s2] Jeon, K. Electro-Textil Intefaces: Textile-Based Sensors and Actuators. Smart Clothing: Technology and Applications. 200, lpp. 485588
[53] frontiers. [Online] 2017. y 05. 0g. [Cited: 2017. y 05. 09.] frontiersin. &-HTMLimdge_

[54] Scientific Research. [Oniine] 2017. y 0. 09. [Cited: 2017. y 05. 09.] http/fle.scirp.org/Htm/z- 43f-4fb;
[55]Smart Textiles. Technical Textile NTU. [Online] 2010. y 11. 02. [Cited: 2017. y 05. 09.] https://tectexntu.wordpr i
[56] Wearable technology: role in respiratory health and disease. Aliverti, A. 2, bez viet. : European Respiratory Society, 2017. y,sbreathe, S¢
[59] Textile-structured electrodes for electrocardiogram. Xu, P., Zhang, H. un Tao, X. 4, 2008.y, Textile Progress, S&j. 40, [pp/183-213.
[60] Smart clothes’ for personalized cooling and heating. KURZWEIL accelerating intelligence. [Online] 2015. y 14. 06. [Cited: 2027. y 05. 09.] http:/
heating.

w [63] Marquezruz, J. C.0n the Feasibility of Using Textile Electrodes for Electrical Bioimpedance Measurements. bez viet. : KTH~ Royal Institute of Technology, 2011.

Soft push switch [66,67,68]

"interreg

[62] Philips’ New Health Monitoring System. The Future of Things. [Online] 2017. y 05. 0g. [Cited: 2018y 05. 09.] hitpi//thefutureofthings.com/6539-philips-new-he
[63] Wearable Sensor Systems for Infants. Zhu, Z., u.c. 2, bez viet.: MDPI AG, 2015. y, Sensors, 5. 15.

[66] Abstract of MIT Open Course Ware New Textiles. SlideShare. [Online] 2017. y 05. 09. [Cited: 2017. y 05. @] lidesh
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Textronic clothing
RFID Tags
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Clothes with RFID tags

Benefits of the TAG GUARD (that have been selected):

>

vV vvyyvVvyy

Quick and easy get information about product
0 name and type product
0 date of production

0 size and sex .
0 name and number of the employee RFID tags in the form ofcapsuleé- TAGG
Information how many times the employee washed his clothes
Information when the last time clothes was washed I
All information saved in a secure place in the cloud
Information available only to privileged user

Application available on iphone, android and windows phone and www

a) b)

RFID tags in the form of tapes

. O
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Practise Experiments
washing and drying processes

TAGGUARD
AFTERWASHING AND DRYING IN RESULTS

FABRIC TEMP 60°C

5X 50X

KG308/
BG1003 (K-121) 3 samples 3 samples ACTIVE

Tests of washing and drying resistance were carried out for 5 washing and drying cycles and
50 washing and drying cycles for fabrics with sewn in tags and for fabrics with ironed RFID
tags. After the maintenance process, the samples were transferred to Krystian to check the
activity of the tags. All trials received the positive evaluation after the maintenance processes.
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Clothing with self-lighting tapes

the applied tapes increase visibility without a light source

Instytut
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Clothing with enhanced
visibility through the
implementation of

a strip with LED lighting
powered by batteries

The battery lasts for 8 hours.
A strip with LED lights can be connected to a powerbank.

i - “ Instytut
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Clothing with enhanced
visibility through the
implementation of

a strip with LED lighting
powered by batteries

Instytut
Widkiennictwa

| e,
“lnterreg I

Baltic Sea Region e

1




Potential development areas Ew
for military uniforms

vVvyYy

o

http://www.zephyr-

Protective clothing (protection against injuries and
hazards in the battlefield)

Wound detection (with integrated sensors)
Health/stress monitoring (with integrated sensors) 1t s dopont comproducts
and-services/fabrics-fibers-

Energy harvesting (in order to maintain the  nowowensiibersprandsieviaripro
. . ducts/kevlar-kmz2-plus.html
communication)

Creating the “future super soldier” (exosuits)

burden of soldiers, fi
and others whos
extremely heavy loads.
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Threats of electronics integration O G »

into army uniforms

Strava released their global heatmap. 13
trillion GPS points from their users
(turning off data sharing is an option).
medium.com/strava-enginee ... ... It
looks very pretty, but not amazing for
Op-Sec. US Bases are clearly identifiable
and mappable

» GPS tracking!

_ 7 e
If soldiers use the app like normal people de. by tuming it on tracking when they
go to do exercise, it could be espedially dangerous. This particular wack looks like
it logs a regular jogging route. I shouldn't be able to establish any Pattern of life
infiox from this far away

10:24 AM - 27 Jan 2018

s e QE GO POHOS
\ |

Manbii

\
Mot just US bases. Here is a Turkish patrol N of

-
Waterreg Bl SwW

Baltic Sea Region wwreun work wear

DEVELOPMENT
FUND




Integration of RFID into clothing

» In manufacturing textiles and clothing, RFID technology is widely used both during
the production process, in monitoring stocks and raw materials, and in warehousing,
as well as in distribution of finished products, in logistics, in tracking goods and in
supply chain management.

» Radio Frequency Identification (RFID) technology employs electromagnetic waves to
read information on labels, tags. RFID system consists of three key components —
microchip tags, an antenna and a reader that provide a unique identity for each
product.

integration of RFID
into garments

data reading data storage warehouse organization

Functioning principles of RFID
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Integration of RFID into clothing

Benefits for implementing RFID system:

Effective inventory management — optimization of stocks, rational use of space, reduction
of labour costs.

Improved supply chain management — high accuracy, determinable precise location of
product in real time, transparent stock monitoring, efficient planning of orders.

Increased productivity — rational use of time and assets, reduced volume of unnecessary
and inadequate production, increased accountability, adequate and rational planning and
tracking of stocks, optimizing their storage and use of space.

Centralized product care — RFID labels store information on proper handling and storage of
product, its history of use and its owner. Provision of proper care extends wearing life of
product. Integrated RFID tags can be washed and they preserve data transfer functions for a
long time.

Increased consumer satisfaction.

Improved security level in a warehouse.

When integrating RFID system into military clothing, traceability is one of the main
drawbacks. Consequently, attention should be paid to the fact that RFID labels should
be easily deactivated in discharge of duties or their signal should be easily locked by
integrating textile materials specially developed for this purpose in clothing.
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ldentification and maintenance

RFID
Chip
Substrate
Contactiess
Smart Card
Antenna
coil

Antenna

coil Antenna coll
Substrate
of capsule Substrate
of Capsule
Chip (inside)
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Smart Solutions for Uniforms
RFID integration

\1l/,

Q GDENTIFYING AND MAINTENANC@

» RFID tags (chips) integrated into each item of the uniform
thereby providing the individualization of the uniform,
centralized cleaning and accurate tracking system of the
inventory units.

» RFID tags can be directly integrated into and/or removable
from the apparel and are washable.

» Benefits:

0 Identifying and maintanance of uniforms;

Effective inventory management;

Improved supply chain management;

Increased consumer satisfaction; signal shield

Improved security level in a warehouse.

O00O

RFIDtag

RFID tag pocke
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Smart Solutions for Uniforms
RFID integration

\1l/,

Q GDENTIFYING AND MAINTENANC@

» RFID tags (chips) integrated into each item of the uniform
thereby providing the individualization of the uniform,
centralized cleaning and accurate tracking system of the
inventory units.

» RFID tags can be directly integrated into and/or removable
from the apparel and are washable.

» Benefits:

0 Identifying and maintanance of uniforms;

Effective inventory management;

Improved supply chain management;

Increased consumer satisfaction;

Improved security level in a warehouse. signalshield
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Smart Solutions for Uniform
Light Signal integration

N I /7
-- (DON’T FOLLOW MED

/ N\

» Light signal integration into the back side of the uniform jacket —
in order to provide the soldiers visibulity and to alert to other
group members about the possible threats in deteriorated
visibility conditions

Switch

conductive fabric
switch isolating interlayer
fﬁpedalilcswe conductive fabric

conductive threads

Winterreg

fabric
terlayer
fabric
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Smart Solutions for Uniforms

Electromagnetic Field Sensor integration

A (LOOK ouT! ELECTRICITY!)

> Electromagnetic field sensor integration into the sleeve of the uniform
jacket — in order to alert (signal) the soldiers about the existing
electrical threats.

Location of electronic components:

1) power supply;

2) electronic unit (with a switch and alerting signal sensor);

3) conductive threads with metal snap buttons; conductise
. thread

4) DC electromagnetic sensor.

Block diagram:

prr

NN
fi =
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