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INTRODUCTION

Working in dothing industry has shown that mgs®duction of clothing has reduced the
fitting standard. Li kewise, the productdos |
Living in the era when recycling and ecological lifestyle is not only necessarglémt

trending, researching durable materialgreat fitand extra valuéor clothes is crucial.

The combination of textile and electronic components results in new challenges for
sustainable product design. Electronic textilesefgiles) feature anntegration of textiles

with electronics and other higkch materials. The ongoing innovation process-tefxéles

holds opportunities to prevent future ewidife impacts. Adding value to textile products

could minimize the waste which is developedydail

For this reason, this work is dedicated to
The main objective of this work is to research the options already existing at the market for
creating a smart textile system. Additionally, haffordable anaasily obtainable the options
are.Furthermore are the options easy to integrate to the produw. main goal is to see the
results with making the first prototype.

The work consists of research and experimental part. Research includes lookisganto
textile optionsand different 3D CAD systems that are available on the mdfkethermore

the safety of etextile options areinvestigatexhd effects of electronics used in this work are
calculated.The experimental part includesnducting thorogh praluct development process

with the result of final specifications and technical drawings. Moreover, the patterns are made
in Lectra Modaris program witthe additionalhelp of Modaris 3D Fit programin the end,

first prototype is made to see how the insgigm of electronics and textile product could look
like.
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1. PROCESS OF PRODUCT DEVELOPMENT

1.1 Quality Function Deployment

Quality Function Deployment is a structured approach to defining customer needs or
requirements through questionnaifgpendix J) whichin this case received 50 answers. It

was important to translate them into specific plans to produce products to meet those needs.
This understanding of the customer needs is then summarized in a product planning matrix or
"house of quality” Figure 1). These matrixes are used to translate higher level "what's" or
needs into lower level "how's"product requirements or technical characteristics to satisfy
these needf2]. Frequently, customers will tip express their needs in terms of "how" the
need can be satisfied and not in terms of "what" the nef@].i$his limits consideration of
development alternatives. Development and marketing personnel should ask "whyieyntil t
truly understand what the root need is. It is needed to breakdown general requirements into

more specific requirementg].

House of Qualityods |l eft column is then for
imporance which also helps to make choices ir
the House of Quality is for technical requirements or also called parameters. They are written

based on customersd6 needs but t ke Adiofoff ®r erf
house is for determine if the technical parameters support or impede on another, therefore the
relationship is-omatkedheytlofAirhotomfdbect ea

Inter-relationships in the middle part of tHeouse are to evaluate how significant the

customersod6 needs and technical requirement
mar ked AUo if it is very significant, @ABo i
the right column of thehaue i s f or seeing how competitor s

They can be evaluated with grade§,where 5 is the best and 1 is the worst. Finally, in the
end, the bottom part of the house is for the results. Based on relationships, correlations and
competitors scores, it can be seen what parameter is the most necessary and if anything could

be cut or even addgd].

11
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Figurel. QFD House of Qualit}?].

1.2 Questionnaire

First, it is possible to start the questionna@gendix 1 Appendix 3. Questionnaire consists

of mostly multiple choice questions with many answers. Also, thasalways a possibility

for openrended answer. Questionnaire is the base for Quality euncti De pl oy ment i t
and analysis is the basis to figure out what materials and sewing technology should be used.

50 answersvas received and thstatistics arseenin Appendix APPENDIX 3

1.3 Generating and choosing ideas

Lookik ng t hrough the received answers and see

start generating ideas with the help of morphological takdble1). It is a table based on the
12



function analysisLeft side of the chatists the functions[2]. The right side listdifferent
mechanisms which can be used to perform the functions listed are [@jawns a visual aid

used to come up with different ideas.

Tablel. Morphological chart for generating ideas.

Menbs jacket

Function Variants
: . Leather Letterman L
Model Sport jacket |Light parka jacket jacket Wind jacket
, . Zipper and | Zipper and | Zipper and
Closing Buttons Zipper velcro buttons shapbuttons
Material Water Thermal

Wind-resistan{ Breathable | Not wrinkly

characteristics | resistant (clothing)

Inner chest | Pocket with | Standing

Existing details pocket zipper collar

Flap pocket |Lapel/rever collar

For choosing the best new ideas, qualitative rese@ashused forQualitative research is best
to uncover trends in thought and opinions and dive deeper into the problem. Qualitative data
collection methods vary using unstructured or ssimictured techniquef3]. This case,

additional questions and inquiries were made to customers.

1.4 First specification

Then it was able to work out the first concept, starting with defining the target group. Group
consists of men who have their own income and do not live from one payday tor aiethe

who consider important to look good whether at they are work or spending free time outside
home. Because of that they wish to invest in kgghlity clothing but do not wish to have a

| ot of t hem. Cust omer 6s per fméodable gematink #t.t has

Also, the jacket should be easily accessible from storeshogs.

Additionally, the first specification coul
needs and technical requirements to House of Quality. They were sdenleft side and on

the top part of the house. The needs and requirements are also $abte Randlable 3. It

was essenti al to define customeevwmnte oheends I
one. Definitions of each need helped to create technical parameters, so the need could put into

measurable quantities. Now, using the House of Quality, it was possible to put both of them

13



together and compare andemdasurepeathnpar ail
house helped to define how each parameter could support or impede each other.

Table2. Customers' needs

Nr[Cust omer s6 needs Relevance

Universal style

Esthetic look at work and on fréane

Simplicity of the product's style

Product's life expectancy

Presencef inner chest pocket

Waterresistant

N oo~ WIN|F
gjo|lor|or|or| o] ol

Wind-resistant

Centerfront closing with zipper and
buttons/snap buttons

9 | Breathable

(6]

10 | Thermal clothing
11 | Not wrinkly

12 | Pockets with zippers
13 | Product price 100150 euros
14 | Standing collar

15 | Product price 5®9 euros
16 | Product price 15200 euros
17 | Centerfront closing with zipper

18 | Rever/lapel collar

WIW W w w w|r~r[Ad|dloO

19 | Centerfront closingwith buttons

Comfortable, quick and smooth way to put tk

20 product on

w

21 | Long enough sleeves

22 | Appropriate fit

23 | Presencef a hood

24 | Good ratio of the price and quality

25 | Product length until hip
26 | At least 4 pockets

R ININININI W W

27 | Known manufacturer

14



Table3. First specification, parameters of the product

Nr |Parameter Relevance

Products function/purpose

Products esthetic look and simplicity

Product's life expectancy

Presence of inner chestgket

Waterresistant main material

Ol W|IN|PRF
gmjlor|or|or| oo

Wind-resistant main material

Centerfront closing with zipper and
buttons/snap buttons

ol

8 |Breathable main material

9 [Thermal clothing

10 |Not wrinkly main material

11 |Pockets with zippers

12 Product 6s price

13 |Standing collar

14 |Sleeves' length
15 |Fit of the product

16 |Presence of a hood

17 |Length of the product

NININ W WW W[~ O

18 |Number of pockets

15Competitorsd6 research

When the customeré6s needs and tewlodted,iitovasl p a
possible to research more menés jackets an
them. Research showed many blazers that are made from wool, cotton and synthetic blend
materials that are treated to be waterproof and breath&blgs], [6]. Water off a
Back c¢ | otwhsasb@ folnd mastdimilar to this woRkices stayed around 1200
euros.The brand wagounded by Antonia Mayby from United Kingdom ¢]. The brand
manufactured sensible bicycle clothes which would look good in every situation. They even
broadened their collection by making tailored coats and jackets with reflector eleients [
Unfortunately, there were only some articles because the brand bankrupt and the homepage

was suspended.

15



Additionally, some other jackets were found but not as similar to this projects jacket as they
could or should be. Forexampldac ket t 6s City jacket or Ji gs
coat looked more like a shorter trench coat with extra neckline cloShee prices stayed

around 306600 euros Al s o, Stutterheimds raincoats ca
states, are racoats and would not be worn insidg.[The prices stayed around 2800
eurosMost similar jacket was Ti mb ewith thenpdices Mo
around 300 eurd$].

In local shopsno actual suit like jacket with coated fabric was found. Still, two jackets were
compared: parka from Reserved shaph the price of 100 eurodigure2) and sport jacket

from Timberland shopvith the price of 290 eurod-igure3) . Competitorso ev
the right side in the House of Quality. |t

evaluating them with gradesS5l 5 being the best and 1 being the worst.

-~ = ¥

{

Figure2. Reserved parka fltfr competitorsd analysis

» P

16



Figure3. Ti mber |l and sports j@cket for competitorso

1.6 Second specification

After this evaluation, theecond specificationT@ble4) could be made, based on the bottom

part of the House of QuajitT he val ues are based on standar
of Quality resultsSometechnical parameters that could m&measued, e.g.,esthetic look

and functionality were changedThey were divided byelevance to other parameters that
support the value and result of these parameters. Therefore, esthetic look was divided between
product length, breathable product, fit, sleelemgth and noiwrinkly main material
parameters. Functionality was divided between chest pocket numberregstant product,
wind-resistant product, breathable product, thermal product and pockets number parameters.
Finally, centeifront closing with #pper and buttons parameter was divided between fit and
waterr esi st ant product parameter. Still, the
Appendix 4[2].

17



Table4. Second specification

Nr Parameter Relevancg Value Unit
1 | Product's price 10,3% 125 Price, euros
2 | Waterresistant product 9,27% 5 'Vfa‘?cﬁzggmﬁf;;gfjf(‘gprg)e testing of 2
3 | Fit 8,97% | Semislim |Pattern type
4 | Thermal product 8.12% i ISO 5085 Textiles Determination of

t her mal resistanc
5 | Breathable product 8,04% 500 'gll'rgnr;ngis/sic?n)zl hrs, MVT
6 | Product's length 6,92% 80 Length, cm
7 | Pockets number 6,72% 5 Number
8 | Wind-resistant product 6,22% 4 Cubic Feet per Minute (QW#)
9 | Life expectancy 6% 5 Number of years
10| Sleeve length 5,82% 65 Length, cm
11 | Norrwrinkly main material |  5,72% Polyester | Fiber type
12 | Pockets with zippers numb|  5,1% 2 Number
13| Chest pocket number 5,02% 1 Number
14 | Detachable hood option 4% 0 Number
15| Collar type 3,9% Standing | Pattern type

100

Al s o, based on the results, it was possi b

drawings Figure 17, Figure 18, Figure 19). Primarily, for trying out sewing technology and
the best way to make the design happen, one jacket was(ihad8eototype devepmeny.

Therefore, it was possible to try out whaduld be the best solution to go on.

18



2. SMART TEXTILES .

2.1 Smart textiles

Basis of the theoretical part is knowledge about smart textiles, especially about electronic
textiles or so called-textiles. There is no exact definition foitextile but most concluge

would be thatklectronic textiles (#extiles) are a novel type of highch products resulting

from the integration of electronics and technical textiles or clotlifjgE-textiles are fabrics

that feature electronics dnnterconnections woven into them, presenting physical flexibility
and typical size that cannot be achieved with other existing electronic manufacturing
techniques. Components and interconnections are intrinsic to the fabric and thus are less
visible andnot susceptible of becoming tangled or snagged by surrounding objeeidil€&s

can more easily adapt to fast changes in the computational and sensing requirements of any
specific application. The vision behind wearable computing foresees future atestrstems

to be an integral part of our everyday outfits. Such electronic devices have to meet special
requirements concerning wearabilith2]. With 10T or so called Internet of Things emerging

with Windows 10 operation syste electronic and smart textiles are developed daily.

Additionally, chemistry has been used to give extra credit to textiles. Most used techniques is
surface treatments with hydrogels. By treating the textile in different ways, it could become
responsivdo UV-r adi ati on, heat et c. by usi g xdhéemid

becomes useless and 6smat textil ed more cur

2.2 Realization techniques for smart textiles with electronics

2.2.1 Conductive fibers and treated conductive fibers

Electrically onductive fibers can be classified into two geneategoriesthose that are
naturally conductive and those that are specially treated to create conductivity. Naturally
conductive fibers or metallic fibers are developed from electrically conductivesnseizh as
ferrous alloys, nickel, stainless steel, titanium, aluminum, copper. Treated conductive fibers
can be obtained from conductive metal or carbon powders which are used in the production

process. In this method, percentage of used powder has hwdstigated in order to reach
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conductivity threshold through surface contacts between particles. Another method for
obtaining conductive fibers is coating them with certain metal salts like copper sulfide and
copper iodide, as they are easily processadilgywordinary textile technology. However, only

low conductivities can be gained. Some disadvantages of conductive fibers like their brittle
property that can abrade the spinning equipment, their high price, five times heavier than
some textile fibers, antheir undesired touch of produced fabrics caused more attention to

turntowards carbon fiberd 3].

Conductivefibers (Figure 4) were mainly used in technical areas: clean room garments,
military appael, medical application and electronics manufacturing. Textile structures that
exhibit conductivity or serve an electronic or computational function are called electro
textiles. They can have a variety of functions, like antistatic applications, elegtetita
interference shielding (EMI), electronic applications, infrared absorption or protective
clothing in explosive areas. For example, company S@iksi e | dE ( Fl ums, S
specializes in producing metal monofilaments which are incorporated isto \aans like

cotton, polyester, polyamides and aramides. The metal monofilaments are made out of

copper, brass, bronze, sitygold, aluminum, for instanf&?].

Figure4. Conductive fiber§l2].

2.2.2 Conductive yarns

Conductive yarn can be produced by conductive polymer ormetallic fibers which are spun
with natural or standard syntheticfibers or are created by wrapping and can be used in the

normaltextile processes of embraige knitting, and weavingVery small quantities of
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inorganic fibers are spun into staple yarns. Asbestos is used minimally because-of well
reported associated health problems; glass, basalt, and metal fibers are used largely in
filament form or as nonwowes, but small quantities of staple yarns are produced from metal
fibers on conventional spinning systems and have applications in the areas of conductive

fabrics and some protective clothirif].

The copper thread makes oveetsilk yarn into a highly conductive yarn with a silk core
(Figure 5). The physical characteristic of the silk core provide the total yarn high tensile
strength and a tolerance for high temperatures, permitting it to be sevmnboridered on
industrial machinery without being damaged. Additionally, these properties make metallic

yarns very talented for mass producing interactive electronic textigs [

Figure5. Micrographof metallic silk organzalf3].

2.2.3 Conductive polymers

Materials can be generalized into three groups in terms of electrical conductivity: insulators,
semiconductors and conductors. Conductive polymers are inrtlp @f semiconductors.
Electronic energy is important in determining the electric conductivity of materials [3].
Today, a wide variety of conducting polymers are available, more popular kinds is shown in
Figure 6. In order for ptymers to be electronically conductive they must possess not only
charge carriers but also an orbital system that allows the charge carriers to move. The
conjugated structure can meet the second requirement through a continuous overlapping of S

orbitals abng the polymer backbon&J].
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Figure6. Chemical structure of more popular electrically conductive polym&is [

In conductive polymers, there are no holes or freereledbrmation in the conduction bands,

unlike crystalline semiconductors. The difference from inorganic semiconductors lies in the
structure of the polymer backbone, which is deformed after the polymer is oxidized or
reduced by the dopants. In the dopinggess, radical cations or anions formed on the
pol ymer backbone are called fApolarono. A pc
concept, conducting polymers can be classified into two main groups: degenerate ground state
and nondegenerate gumd state. The main difference between these polymers is apparent
when they are subsequently charged. When conducting polymers with degenerate ground
states are charged subsequently, a second polaron is formed.Conductive polymers are used in
many fields, ike microelectronics, antistatic packaging, thus, including alsextde filed,

where they are screen printed the textile or used in yarfi$4].
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2.2.4 Conductive fabrics

There are different ways to produce electrically condaedi@brics Figure7). One method is

to integrate conductive yarns in a textile structure, e.g., by weaving. However, the integration
of conductive yarns in a structure is a complex and seldom a uniform process as it needs to be
ersured that the electrically conductive fabric is comfortable to wear or soft in touch rather
than hard and rigid. Conductivity can be established with different thread typesver,

woven fabric structures can provide a complex network that can be sigtabarated electrical
circuits with numerous electrically conducting and foemducting constituents, and be structured

to have multiple layers and spacestcommodate electronic devi®s

8 wires, @40um

!.':

Y

0
Tli fu‘!a %

.-"’«.

Figure7. Conductive fabric fromapper and polyester yarfit2].

For example, British company Baltex (llkeston, UK) uses the knitting technology to incorporate
metal wires in textile structures. Their fabrics, which they commercialize under the name
Feratee, can be used mainly for two purposes, namely heatable textiles and -etagmetic
shielding materials. Also, American company Thremshield LLC (Niagara Falls, NY, USA)
produces metallized woven nylon fabrics in different shapes and profiles. The meyals¢hare

silver, copper or a combination of copper and ni§REl

2.2.5 Conductive inks

Interactive electronic textiles can also be produced by using conductive-igkse). First

of all conductive inks must contain an approgiaighly conductive metal precursor such as

Ag, Cu, and Au nanoparticles and a carrier vehicle. Most of them are water based: water is the
main ink component and to limit contaminants, it must be as pure as possible. These
specialized inks can be printechto various materials, among them textiles, to terea

electrically active patterf%2].
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Elastic textile materials have showed not to be suitable flexible substrates for thin film
deposition. The low stiffness conducts to looadl elongations of the thin deposited films
making the samples nasonductive. It is desirable that electronics in textiles conform to the
inherent textile properties which are flexibility and conformability. Both of these can be
fulfilled by the PVC coate materials 13].

Screen printing also makes integration with planar electronics simpler than with conductive
yarn systems. There are several technologies that can print conductive material on different

substrate. Shedtasedmkjet and screen printing are best for {@alume, highprecision work

[12].

For inkjet printing, the inks should respect the following requirements:

high electrical conductivity;

resistance to oxidation;

dry out without cloging the nozzle during printing;
good adhesion to the substrate;

lower particle aggregation;

= =4 4 -4 -—a -2

suitable viscosity and surface tension.

Figure8. Drawing with conductive inkl2].

For example, The Nimnal Textile Center of the North Carolina State University (Raleigh,
NC, USA) is currently working on a preject
Woven Fabricsdé used to produce a prototype

measure ECG, heartate, respiration and temperat(it@].
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2.2.6 Conductive materials as snsors

Conductive textiles that change their electrical properties as a result of the environmental
impact can be sed as sensord?]. Various kinds of sensors can be integrated to the fabrics
which make it intelligent in order to be used in different fields such as ECG,
electromyography (EMG), and electroencephalography (EEG) sensing, fabrics incorporating
thermocouples an be used for sensing temperature, luminescent elements integrated in
fabrics could be used for biophotonic sensing, stsapsitive fabrics can sense movement,
and can be combined with EMG sensing to derive muscle fitness. Carbon electrodes
integrated ito fabrics can be used to detect specific environmental or biomedical features

such as oxygen, salinity, moisture, or contaminatf [

Typical examples are textiles that react to deformations such as pressure sensors, stretch

sensors and breathing sensors. Tleeadifferent typesf sensor$12):

1. Stretch sensorg-{gure9) - mosty used for sensing and monitoring body parameters,
as the textile is in coatt with the skin over a large body area. This means that
monitoring can take place at several locations on the body. For instance, these sensors
can be used for determining: heart rate, respiration, movement and blood pressure.

2. Pressure sensorscommonlyused either as switches and interfaces with electronic
devices or also to monitor vital signs of the user.

3. Electrochemical Sensorsflexible and textilebased screen printed electrochemical
sensors may be candidates for #mavasive monitoring, but thesdevices cannot

easily be attached to the body and in particular to the skin.

Figure9. Sensors in the glove detect the wearer's hand movefi&hts
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Yongsang Kim, in 2010, applied aFCB (see Headm2.2.7) technology to implement a
complete system for continuous healthcare by sensing the humidity. It is composed of a fabric
capacitor sensor input, a controller systema-chip, and an LED array display is
implemented orthe fabric. The humidity has a great effect on the capacitance values of all
types of capacitors. The capacitance value goes up when humidity increases. When a water
drop is detected by fabric sensor electrode, the controller chip senses the variatien in t
capacitance value. Then, the LED light is on when the capacitance value is over the

programmed threshold valugd.

2.2.7 Planar Fashionable Circuit Board (RFCB)

The RFCB or PlanarFashionable Circuita@rd (Figure 10) is one of the new technologies
allowing implementation of a circuit board on a plain fabric patch for wearable electronics
applications. P-FCB is made by screen printing technology and investigated electrical
characteristics of passive dess such as resistor, capacitor, and induct8}. It features a soft

and flexible impression just as normal clothes. THEOB substrate is fabricated using woven
fabrics. The planar electrodes are deposited on the fabioh pirectly by silk screening of

conducting epoxy or by gold sputterifif].

Figurel0. Singlelayered PFCB system manufacturing procgsg].

2.2.8 Wearable Antenna

A wearalle antenna Kigure 11) is thus the bond that integrates clothes into the
communication system, making electronic devices less obtrusive. To achieve good results,
wearable antennas have to be thin, lightweight, low maintenanagstyobexpensive and
easily integrated in radio frequency (RF) circuits. Planar structures, flexible conductive and
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dielectric materials are specific requirements for wearable antdnrgeneral, textiles present

a very low dielectric constant that re@scthe surface wave losses and increases the impedance
bandwidth of the antenna. Therefore it is important to know how these characteristics influence
the behavior of the antenna in order to minimize unwanted effects. For example, Patria (Halli,
Finland) B a company with expertise in textile antenna design. It develops textile antennas
composed by conventional or industrial fabrics, and typically conductive antenna parts are made

out of modern conductive fibef2].

Figurell Textile antenna made from inox thrdad).

2.2.9 Hydrogels

The functionality of textile fibores and fabrics can be enhanced considerably by chemical
finishing treatments that are responsive to changeberconditions of their environment.
Responsive surface treatments are based upon hydrogel chemistry. Hydrogels are 3D network
structures of hydrophilic polymers and can be natural or synthetic in origin. The polymers are
insoluble in water but, because tbfeir hydrophilic nature and ability to swell, they are
extremely absorbent. Due to their high water content they are soft and flexible, which makes
them suitable for biomedical applications. The ability of hydrogels to change their physico
chemical charder in response to a change in the external environment has led to them being

referred tolfas fismarto gel s

Still, hydrogels have bulky 3D structures and their application to textiles is problematic in that

they can be slowo respond to a stimulus. In addition, they may affect the inherent properties
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of the textile, in terms of strength, flexibility and handle, etc. These difficulties can be
overcome, however, if they can be applied as microgels, which can be applied #snvery
layers on textile surfaces, and their large surface area per unit mass gives them quick response
times to stimuli.There are available temperattegsponsive, pHesponsive, photeesponsive

(UV radiation), bieresponsive (e.g. for insulin releasefatual stimuliresponsive hydrogels

[13].

Smart polymers that show capabilities of responding to the external stimuli have significant
potential applications in various fields. Stimaénsitive fabric can be used in deodorant
fabrics, nutrient or drug released medical textile, cosmetic textile and oil absorbing fabrics
that are used to protect the environment against pollutth the development of textile
manufacturing in nanoscale, it seems that, using of stirasiionsie nano hydrogels on nano

fibers can lead to make remarkable properties in the next generation of tédgjiles [

2.2.10 3D printing

The 3D printing BDP) process begins with designing the product using CAD software,
typically a 3D modkng program. Through the adjustment of computational algorithms,
designs can be altered to make improvements or include specific size parameters for
individual consumers. The data from the file are then communicated to the printer, which
develops the 3D mpduct by each divided layer. After the object is printed, it may need
sanding and polishing to improve the surface finish and diminish the look of print lines.

Figurel2 outlines the general design and production process of 3&Rooh§18].

Five possible 3DP methods most applicable to fashion products: Stereolithography (SL),
Selective Laser Sintering (SLS), Fused Deposition Modeling (FDM), PolyJet, and binder
jetting. There are benefits and challengessociated with each method that must be
considerefll8]. There is also Selective Laser Melting (SLM) which is basically the same as
SLS but go one further, by using tleser to achieve a full melt,eaning the powder is not

merely fused together, but is actually melted into a homogenouslphart [
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Changes in measurements/
adjustments in design

Division of layers
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to printer
Production of object Sanding, polishing,
by printer and/or dyeing of object

Figurel2. General design and production process of 3DP mefti&Hs

SL uses a photopolymer rasiwhich is a liquid plastic, and an ukvalet (UV) laser to cure

and harden individual layers to form objects. Typically, products print within a few hours, as
the laser beam is able to scan as fast as 889 centimeters per gdson8L is relatively
userfriendly, allowing inexperienced designers to create detailed pieces with -guafty
surface finish. However, a disadvantage of SL is that it requires support rafts, which secure
the product to the building platform during production and are algnuemoved after
completion. Other disadvantages include the print material cost and lack of color variety.

However, smaller, less expensive SL printers are being introdupd

SLS utilizes high-powered lasers to fuse tirparticles of powder from polymers, such as
glass, plastic, metalseramics, or nylon, into a completed 3D product. A benefit of SLS is
that it allows designers to create delicate, yet highly functional and durable products with a
wide variety of availald materials. Also, SLS does not use support rafts, requiring less
sanding of the object after it is printed. However, a disadvantage of SLS is that it does not
produce a higlguality surface finish compared to $18]. As saidearlier, SLM is basically

the same but additionally melts the particle to have more even t€ult|

FDM is commonly used, as it is relatively affordable and offers a variety etdstvdesktop
printers. Materials used gendyatonsist of wax, metals, and ceramics. F2Mo requires

support rafts, which must be mechanically broken off or dissolved in detergent. Researchers
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have found FDM capable of printing flexible, glossy, Hike fabrics with soft PLA
polymers. ABS mateais allow for additional movement, as they are strong and flexible,
making them ideal for creating joints. However, disadvantages of FDM are visible seam lines

between layers and delamination from temperature cha@es|

PolyJet 3D printing is a technology that is similar to inkjet printing. However, instead of
jetting inks on to the paper, PolyJet printers deposit curable liquid photopolymeiblayer
layer on top of the building platforms to create 3D components. Furtheritncae, be usetb

make smart textile product$?]. PolyJet allows multiple materials to be deposited in a single
layer. Rigid parts and connective joints can be printed together at one time. PolyJet offers a
high-quality surfae finish, and is one of the fastest 3DP methods. However, PolyJet requires
support rafts that must be mechanically removed. In addition, exposure to ambient heat,

humidity, or sunlight can lead to dimensional change of the protigict [

Binder jetting uses glue, or binder, to bond successive layers of powder material together to
form a 3D product. Binder jetting bonds single layers within seconds and does not require
support rafts, making it the fastest 3DP method. Anotherfibefiebinder jetting is that it is

the only 3DP method that is able to print in multiple colors simultaneously, as the single
monochrome inkjet head is substituted for a four or fivercoéad. However, binder jetting
usually builds weaker products anéymprovide an uneven surface fin[dg].

Haute couture fashion designers are also using 3DP to communicate ways emerging
technology can be used for innovative fashion design. Lobdsed designer, Catherine
Wales, displayedédr Project DNA collection of 3D printed corsets, masks, and helmets at the
Arnhem Mode Biennale in the Netherlands. Wales used a combination of engineering
programmes to develop complicated joints and creative design software to develop sculptural
forms. The accessories were printed in nylon using SLS to provide flexibility for the joints.
Massmarket fashion brands are also using 3DP to produce customized products for
consumers. San Francisbased Continuum allows consumers to purchase their N12 bathing
suits, made to order via measurements ente
partnered with 3DP company, Shapeways, to develop these customizable products.
Continuum prints the bathing suits using SLS and a solid nylon material called Nylon 12,

giving the products a fabridke feel with waterproof propertied §.
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While there are a variety of trade publications that discuss how general 3DP methods are used
by designers and companies in the fashion industry, thexdaisk of scholarly information
about 3DP for the fashion industry. Future research could include case studies about designers

or fashion companies and how they use 3DP to create prod@Lts [

2.2.11 Lilypad Arduino

The most commeral etextile application opportunity is Lilypad Arduindrigure 20).
Lilypad is a set of sewable electronic pieces designed to help you build soft interactive
textiles. A set of sewable electronic modillesluding a small programable computer
called a LilyPad Arduinoi can be stitched together with conductive thread to create
interactive garments and accessories. LilyPad was designedeabiBuechley and
commercial version of the kit was calioratively designeavithSparkFun Electronicg20].

The LilyPad is an opesource hardware (OSH) project. This means schematic and board
layout files are released under the creative consrlizense for people to copy for free and

repurpose the designs as long as the previous work is 28ed [

To build an & exti | e, the wuser sews modul e-Bke t oge
module can be sewn through witonductive thread that creates both physical and electrical
connections, attaching components to a des
power and data transmissions between pie€hs. microcontroller(Figure 13n C can be
programmedwith the popular open source, free Arduino programming environment,

downloading programs to the board si& SBto-serial adaptej21].

« 1,‘, O a5 ,
2 o o o o a4
UART bootloader
A 3PWM programming header (plugs a3 A
into USB serial adapter)

o o 2
#‘ ATmegat68V . . A

=~ Reset swiich O O al
Pl *
programming
geader a0

PWM: Pulse-width modulation
UART: Universal asynchronous receiver/transmitter

Figurel13. Diagram of the Lilypad microcormfier module 21].
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3. STANDARDS, SAFETYAND ENVIRONMENT IMPACT

3.1 Standards for regulating etextiles

The smart textile market is still small, most products are in protgtigpse. Still, some smart

textile goods are already availableor example, Google has several collaborations with
different brands, e.g. Levi2B , to start producing smart
Ointelligentdéd textile could mean diopedrer ent
Committee for Standardization has compiled a technical report (CEN/TR 16298:2011) to
define theskinds of products and tbelp toguarantee their safetgased on that smart textile
system is a textile system that exhibits intended and exploitadgenses as a reaction either

to changes in its surroundings/environment or to an external signal/input. It also stresses that

textile system and textile product may be interchangeable in many[2dkes

The technical report hgs to characterize an intelligent textile system with a flow chart and
brings a lot of examples to help verify. The report includes also phase change materials,
geotextiles and other possibilities for smart textiles, e.g. optically conductifreooescet

textiles materials. Still, it only giweguidelines and just defines the concept. The main reason

is that the synergies between so many options cannot be foreseen, hence, the difficulties.
Overall, it is the first step and in the future there probabllybe several standards to define

as many and different products as possibdg. [

3.2 The etextile applicationsd I mpact on human bodi es

Smart textile systems may al so be refea@rred
they can be used all the time no matter the platectromagnetic field is the term used to
describe combined electric and magnetic fields. Electric fields exist whenever electric charges
are present, i.e., whenever electricity or electrical equipnsem use. A magnetic field is
produced when electrical current flows in a conductor with magnetic field lines perpendicular
to the current flow. Therefore, all wearable electronics, includingillaeiéleophones,come

with electromagnetic fie[@5].

Electromagnetic radiation is the term used to describe electromagnetic energy radiating away

from its source. Electromagnetic radiation can be described as ionizing versus nonionizing
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radiation. lonizing radiation consists of very ghawavelengths, such as-tdys, which have
enough power to move electrons off their nuclear orbits. In contrastonmmng radiation
consists of longer wavelengths with less power and is incapable of moving electrons off their
orbit around the nucleu&lectromagnetic fields are characterized by wavelength, frequency,
and field strength. Radiofrequency energy, defined by a frequency range between 0 Hz to 450
MHz, is emitted by sources includginMRI, electrosurgery, and radio artelevision
broadcastingCellular telephones, microwave ovens, and radar transmitters typically emit

microwave energy, defined by a frequemagge between 450 MHz to 12 GHA.

European Union has limited the electromagnetic fields to public expbstween €800 GHz

[26]. Keeping that in mind, all the above should be safe and most scientists, engineers, and
health care agencies take the stance that wearable devices, emit such low levels of EM
radiation that they pose realth risks at all. Still, EM radiation can also affect cells from an
electrical perspective. Small variations in electrical fields can disrupt the firing of neurons in
the brain £7]. Most thorough research to determine tlealth risks of wearable technology is
about pacemakers or Cardiovascular Implantable Electronic Devices (CIHMDsf).recent
research focuses on whether other technology, like cellular telephones, affects the CIEDs.

Results are negative, therefore, thagmarts the idea that health risks are extremely[ @i}

Center of Disease Control and Prevention confirms that there is no scientific proof that
cellular telephones cause cancer, let alone wearable computers, like smdreswatc
Additionally, they confirm that wearable technology emit siamzing radiofrequency which

is a lot weaker than ionizing, e.X-rays. Figure 14 shows the electromagnetic spectrum.
Cellular telephones are on the same leveh@sowave ovens, thus, on the lower energy side.
Accordingly, the wearable technology is the even safer. In this work, the wearable computer
does not upload or download information to another device through air, therefore, it is safer

than cellular telepdnes or other wearable technol$2§].

In this work, the microcontroller with sensors and conductive thread give out only direct
current. That means the device will not make waves of different frequencies. Thus, the
electtomaget i ¢ fi el d is stildl there bub6>tdddb| e .
according to World Organization of Health (WHO) the allowed electromagnetic field
exposure isl 0 0 29]. The calculated magnetic field aralithe integrated microcontroller

is 20 Ttherefore, it could be concluded that the integration is safe.
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Figurel4. Electromagnetic spectrufa0.

3.3 Environmental impact of e-textiles

Talking about smart textile systems, it is important to undedsthat it is not just textile
anymore. Eextiles may entail adverse environmental impacts because of its disposal after the
end of their useful product lifddigh-tech products usually turn to waste because they are
replaced by newer models after a refgliy short service life. It may be even worse within the
textile products because of fleeting fashion trends. Though, the idead lshart textile
products are that they have higher value and, therefore, should last longer, there are several
reasons whye-textile waste could be hard to manage. Large mass flow of wastdiles

could be expected with this type of smart textile research and development field growing rate.
Also, textileembedded electronic components contain small amounts of scarce Isiateria
such as silver, gold, and rare earth elements, which are scattered across large rfaxgle su

areas and hard to recoVét.
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Still, there are already several old technology collecting points icdtldtrieswhere-gextile
components coulde taken there after end of their useful product life. Additionahg,
International Organization for Standardization has issued a technical report (ISO/TR
14062:2002) that outlines a systematic procedure for integrating environmspeatsainto
product design and development proces$bs. document predicts the enviroantal issues
before they emergd].
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4. 3D CAD SYSTEMS FOR CLOTHING INDUSTRY

Todayos clothing i ndustry i raided edasggmn 1(GAD)y pr
techniques for both fashion design and pattern creation as it offers greater efficiency and time
saving solutions to many complicated tasks as well as facilitating Infessetl
communication amongst designers, manufactures and retallers-dimensional (2D)
graphics software packages such as lllustrator (Adobe Inc.) and@RAAN (Corel Corp.)

or packages that have been customised for the fashion industry such as Kaledo Style (Lectra),
Vision fashion studio (Gerber), TédXesign (Koppemann), etc. are also being used around

the world. Specialised 2D CAD software, including packages such as cad.assyst- (Assyst
Bullmer), Modaris (Lectra), Accumark (Gerber), Master Pattern Design (PAD System),
TUKAcad (Tukatech), GRAFIS (Software Dr K. Frigzh), Audaces Apparel (Audaces),
COAT (COAT- EDV-Systeme) and Fashion CAD(Cad Cam Solutions), support geometrical
pattern drafting from first principles using only anthropometric measurements of the target
size and shape. Wit hispossible th mdutpexisting black patteinggintat i s ¢
virtually any of the various software packages that are currently available, and thus an
extensive library of patterns in many sizes can be efficiently storéde computer for future
use[31].

Commercially available 3D CAD systems for 3D garment visualization and virtuaintry
software can be categorized into two groups, based on the working procedure, to create 3D
designs. First group allows designers to develop garmerdusiites and styles in a 3D
environment according to their preference, e.g. Virtualfashionl by Reyes Infografica and TPC
Parametric Pattern Generator by TPC. Other types of 3D CAD system allow the importation
of 2D pattern pieces from the appropriate 2DOCAoftware to wrap them onto a virtual
model in order to visualize the virtual product and also to simulate fabric drape and fit. For
example, VstitcherTMy Browzwear, Accumark/-stitcherby Gerber Haute Couture 3D by

PAD system 3D Runway by OptiTexRigure 15), Modaris 3D FIT bylLectra (Figure 16),

eFit Simulatoiby Tukatech Vidya byAssystBullmer{31].

For 3D to 2D pattern unwrapping, there has been no 3D CAD systenyraaailable until
recently, which could be directly used in the clothing indus3fy. [Still, for that to be useful,
3D prototyping should go more to masses. Among the available software packages, 3D

Interactive software (TPCand the flattening tool of 3D Runway (OptiTex) provide the
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capability to execute pattern unwrapping in a very limited context. The DesignConcept
software (Lectra) is capable of executing 3D to 2D pattern unwrapping, but is currently being

promoted for us in car seat design and for technical tex@eglicationd31].
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Figurel15. 3D Runway by OptiTex32].
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Figure16. Modaris 3D fit by Lectra33d].
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In this work, Modaris 3D Fit by Lectra is usdtlis a 3D virtual prototyping solution, which
associates 2D patterns, fabric information and 3D virtual models. It enables simulation of 3D
design from 2D pattern pieces deygtd by a wide range of 2D CAD software and helps the
designer to validate fabrics, motifs and colours. It allows an onsite or remote review of the
virtual prototypes in three dimensions and provides the opportunity to check garment fit in
various fabricsand sizes. It has a broad library of over 120 materials together with their
mechanical characteristics. It also allows the designer to input new fabric properties in order
to view differential drap¢31]. Additionally, user canmake their own model which helps to

see the fit personally. Though that is not necessary for big brands, it helps to see and learn the

2D patterns.

In the 2007 article from Material Science about STAPRIM states that the existent 3D cannot
provide a compbe impact of all parameters the multishaped surface descriptions of an
individual human body and the description of the shapating characteristics of textiles

[34]. That can already be disproved with Modaris 3D Fit bezautets to change model
shape, stand and pose. Also, having several different materials and possibility to make your
own material, helps to see the whole characteristics of the fit. This shows how rapidly the 3D

technology for apparel industdevelops.

Still, current 3D CAD systems are missing the most materials accuracy on human body.
Motivated by the mathematic properties of developable surfaces, the flattening-fufrifnee
surfaces usually minimizes some measures of distortion characterized bgtthenfilamental

form of surface. These measures are geonmtented such that fast and stable numerical
process can be achieved. So, can the measures be material oriented? Given a piece of 3D cloth
with the same geometry but different material, user shgelt different 2D patterns by
flattening[35].
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5.PRODUCTSO0 TECHNI CAL DESCRI PTI ON

5.1 Jacket 1

Jacket 1(Figurel7)i s a menods e v-partgleeaey ang wlt dolladacket w o
made of soft shematerial and velour materialacket isshaped with side body pattesnd a
centerback seam. At the back side seams aresite Bottom hem is finished with lining.
Additionally, there are 3 ribbons (8 cm) for attaching a sling cord for carryingathket.
Ribbons are at center back, front side seam on the right and back side seam on the left.
Jacket érenticaoset with a zipper. Certizont Zipper end at the center back, and

are sewn between front and facimgner sides of slits haverBagnetic snap buttons sewn by
hand. Sleeve slits have 2 magnetic snap buttons. Locations are marked on Jetkethas
military-like shoulder pads that are attached to the product with velcro. $fdaph product

has two sets of shoulder pads: one witiipad parts and one without.

Jacket has 5 pockets: four pockets on the front and one inner chest fhatkest sewn
between facing and side lining at chest heiflour outer layer pockets are on the front side.
There are two horizontal flap pocketsvfeentimeters from waistline. Alsdwo vertical

zipper pocket that aranext totheflap pockes.

Jacket has a zipper inside between right front lining and facing to access and remove
electronic partsinside the jacket is a fabric piece with Lilypad awitch that is attached to

the product from inside with velcro strips on shoulder line sedable snap buttons at the
chestJacket s electronic parts incl ulibetanBuz z e |
Lilypad Arduino Main Board. Everything is coacted with conductive thread made from
stainless steel fibers.

Vel cro strips are sewed on the product-6s ri
conductive strips are sewn on left shoulder, only on the outside. The other side, in this case
the hook (hard) side, of velcro is sewn on shoulder patches, where the Lilypad pieces are on,
and on fabric piece where Lilypad itself is on. Lilypad fabric piece will between main
material and lining. The fabric piece is attached to the velcro stripsrthaean inside the
product on shoulder. Snap buttons are sewn on the chest piece and chest line on the product,
inside and outside. Séggure22, Figure33, Figure34 andFigure35.
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5.2 Jacket 2

Jacket AFigurel8 i s me n 6 s eartsleguas ang statogl collar.Jacket is made of

soft shell material and velour materd@cket $ shaped with side body patteand a center

back seam. At the back side seams are two flaps. Bottom hem is finished with lining.
Additionally, there are 3 ribbons (8 cm) for attaching a sling cord for carrying the jacket.
Ribbons are at center back, front side seam on the right and back side séantefininner

sides of slits hav@ magnetic snap buttons sewn by hand. Sleeve slits have 2 magnetic snap
buttons. Locations are marked on pattésinkethas militarylike shoulder pads that are
attached to the product with velcro strifgsach product hasvo sets of shoulder pads: one

with Lilypad parts and one without.

Jacket has 5 pockets: four pockets on the front and one inner chest pocket with zipper on the
left side.Four outer layer pockets are on the front side. There are two horizontal flagspocke
few centimeters from waistline. Also, two vertical zipper pockets that are next to the flap

pockets.

Jac ket éfrent is elasad evith seven buttons and a zipper. Zipper is hidden under a
centerfront flap. Left zipper side is between flap facingldeft facing. On the right side, the
centerfront zipper is between front part and right facing. Buttonholes are made through right

centerfront facing and front part of the jacket.

Jacket has a zipper inside between right front lining and facing tesa@® remove
electronic partsinside the jacket is a fabric piece with Lilypad and switch that is attached to

the product from inside with velcro strips on shoulder line sasable snap buttons at the
chestJacket 6s el ectr oni de Swach,tlLight Semsor| Lielblet anB u z z e |
Lilypad Arduino Main Board. Everything is connected with conductive thread made from

stainless steel fibers.

Vel cro strips are sewed on the product-0s ri
conductive sips are sewn on left shoulder, only on the outside. The other side, in this case
the hook (hard) side, of velcro is sewn on shoulder patches, where the Lilypad pieces are on,
and on fabric piece where Lilypad itself is on. Lilypad fabric piece will batweain

material and lining. The fabric piece is attached to the velcro strips that are sewn inside the
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product on shoulder. Snap buttons are sewn on the chest piece and chest line on the product,
inside and outside. Séggure22, Figure33, Figure34 andFigure35.

5.3 Jacket 3

Jacket 3(Figurel9i s a mends everyday | afomeldsingnandd h a
standing collarJacket is made of soft shell material and velour matésicket has twpart
sleeves. Jacket is shaped with side body pattern, and a-beaterk s e am. -ffoatc ket 0
is closed with three buttons and a zipper. Zipper is hidden under a-frentditap. Zipper

with centerfront facing starts from the neckline and ends with bottom hem facing.

On the left side, the centéont zipper is sewn between left facing and lining. On the right
side, the centefront zipper is sewn between front part arghtifacing. Buttonholes are made
through centefront facing, forepart and 2 pieces of extra fabric piece on the top of the
forepart.Inner sides of slits hav2 magnetic snap buttons sewn by hand. Sleeve slits have 2
magnetic snap buttons. Locations ar@ked on patterdackethas militarylike shoulder pads
that are attached to the product with velcro stffzsch product has two sets of shoulder pads:

one with Lilypad parts and one without.

Jacket has an extra fabric piece over the chest area whithdseal to the product from left
side body and back seam, armhole seam, left shoulder front yoke seam, left front neckline and

centerfront closing until chest line. Bottom hem is finished with lining.

Jacket has 5 pockets: four pockets on the front aedirmer chest pocket with zipper on the

left side. Four outer layer pockets are on the front side. There are two horizontal flap pockets
few centimeters from waistline. Also, two vertical zipper pockets that are next to the flap
pockets.Jacket has a zigp inside between right front lining and facing to access and remove

electronic parts.

Jacket has a zipper inside between right front lining and facing to access and remove
electronic partsinside the jacket is a fabric piece with Lilypad and switch ihattached to

the product from inside with el cr o strips on shoulder || ine
Buzzer, Slide Switch, Light Sensor, LHQht and Lilypad Arduino Main Board. Everything

is connected with conductive thread made from staintes$ fibers.
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Vel cro strips are sewed on the product-0s r
conductive strips are sewn on left shoulder, only on the outside. The other side, in this case
the hook (hard) side, of velcro is sewn on shoupidches, where the Lilypad pieces are on,

and on fabric piece where Lilypad itself is on. Lilypad fabric piece will between main
material and lining. The fabric piece is attached to the velcro strips that are sewn inside the
product on shoulder. Séggure22, Figure33, Figure34 andFigure35.
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MAGNETIC SNAP BUTTONS
SEWN INTHE SLITS

Figurel7. Jacket 1 technical drawing




Figure18. Jaket 2 technical drawing

MAGNETIC SNAP BUTTONS
SEWN INTHE SLITS
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Figure19. Jacket 3 technical dravgn

MAGNETIC SNAP BUTTONS

SEWN IN THE SLITS
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6. ADOPTING LILYPAD TO THE PRODUCT

6.1 Lilypad output devices

Lilypad has several output options, e.g. LED lights, switches, temperature sensor, light
sensor,accelerometeetc. After receiving the parts, defining everything was necessary (see
Figure 19 and’ableb).

i
/‘.

Computer

Tri-Color LED

Button Board

Slide Switch ———

Figure20. Lilypad Arduinowhen received

Table 5. Lilypad part list[20]explainsevery parts purpose and effect. Accelerometer was
ordered separately. The battery was not connected to the board when received. Table is
missing battery, conductive thread and FTDI basic breakout board with USB and six pins that
makes programming the baolapossible. The FTDI chips implement the USB protocol stack.
The responsibility of this hardware is to explain to PC what it is (using some identification
information) such that the computer can load the right driver for it, and also to manage the
data trasactions with the PC theom after. Once those drivers are loaded, this would specify

a command set that your PC can use to query the chip.
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Table5. Lilypad part lisf{20].

Part Name

Picture

Effect

Main Board or
Computer

Main Board is an Arduingrogrammed
microcontroller with wide tabs that can be se
down and connected with conductive thread.
The LilyPad Arduino consists of an ATmegas3
with the Arduino bootloader and a minimum
number of externatomponents. This board ru
from 2V to 5V and offers large piout holesfor
easy sewing. Each of these pins, with the
exception of (+) and), can control an attache
input or output device (like a light, motor, or
switch).

Vibe Board

It is a powerfulvibration motor when 5V is
applied. Uses a surface mount motor which ig
less likely to be damaged during use.

Tri-Color LED

Tri-Color LED board blinks red, green and bl
colors by grounding one of the R/G/B pins to
illuminate that channel.

Button Baard

Button Board gives the user a discrete,-non
sharp button interface. Can be used to make
noise or any kind of action during pushed do

Slide Switch

Can be used to control LEDs, buzzers etc. T
switcheson each board are rated for 4 volts a|
300mA, but will work at 5 volts with a
reduction in current.
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Table5. Lilypad part list R0.

Part Name Picture Effect

A small thermistor type temperature sensor.
This sensor will output 0.5V at O degrees C
0.75V at 25 C, and 10mV per degree C. Doin
an analog to digital conversion on the signal
will allow to establish the local ambient
temperature.

Temperature
Sensor

Reacts to light. Outputs an analog value fromn
to 5V. With exposure to daylight, théensor
will output 5V. Covering the sensor with your
hand, the sensor will output OV. In a normal
indoor lighting situation, the sensor will outpu
from 1 to 2V.

Light Sensor

Creates different noises based on the differe

Buzzer frequency of I/O toggling.

Can detect joint movement as well as inclinai

Acceleraneter . .
and vibration.

6.2 Functions for the jacket

There are endlesyptions how to use Lilypad or any othetextile option. Light sensor could

be used to light up a LEIght or make thevibe boardvibrate Accelerometer could be used

to remind the user to get up and move. Temperature senor could help the user to understand
that it is time to cool down and so on.
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In this caseswitch with buzzeris programmed tanake noiseafter a certain time. For
examplethe buzzeris turned on with a switch and it will let the user know that 15 minutes
has passed and it is time to go to a meetidditionally, light sensor with LEBight is
programmed to make the user seen in the.dBhnkt is done programminigy light snsor

sending the information to LEIght to light up in certain dark level.

To help program Lilypad, Arduion has set up free software The Arduino Integrated
Development Environment (IDEJigure21). That contains a text editéor writing code, a
message area, a text console, a toolbar with buttons for common functions and a series of
menus. It connects to the Arduino and Genuino hardware to upload programs and
communicate with then8p].

@@ accelerometerino | Arduino 1.6.12

File Edit Sketch Tools Help

90 BEEEA
[~ |

accelerometerino

float scale =102.3;

// for this project, we are not printing out the 'x"' wvalues, but if you want them printed:
//5erial.print(((fleat)x - zero G)/=scale);

//Serial.print ("\t");

// for this project, we are printing out the 'y' walues, this will help determine the threshold:
thresheold = oldy - (({flecat)y - zerc G)/scale;

Serial.print("y =");

Serial.print(((float)y - zero G)/scale);

Serial.print("; threshold =");

Serial.println(threshold);

// for this project, we are not printing out the 'z' wvalues, but if you want them printed:
{/ Serial.print("\t");

// Serial.print({({float)z - zero_G)/scale); // Serial.print("\n");

cal wariables. Maximum is 2,048 bytes.

LilyPad Arduine, AT

Figure21. The Arduino Integrated Development Environment (IDE) while writing a code.

An example how to light up a LEDght helps to show how to hook up the Lilypad and how

the code could look like. The main idea i t h-side ofdhe ED-light goes to a certain leg
from Lilypad main boar dégsideoftge.LEH i gimt n-gmear t
the Lilypad main board. Then a program hts be written, so the main board would
understand when the LEQht should be on or wimeit should blink, if that was the purpose

for it. Therefore, the code was written and uploaded to the main board with USB cord and

FTDI basic breakout boar@he codeells the main board that it would delay the power to leg
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6 after every 5000 millisecosd(5 seconds). Therefore, the light blinks for a second after

every 5 second3.he code 37] looks like this

void setup() /I the setup function runs once when you press reset or power the
boad

{

pinModg6, OUTPUT); [/l initialize digital pin LED_BUILTIN as an output.
}

void loog() /I the loop function runs over and over again forever

{

digitalWrite(6, HIGH); // turn the LED onHIGH is the voltage level)
delay(1000); // wait for a second

digitalWrite(6, LOW); // turn the LED off by making the voltage LOW
delay5000); /l wait for a second

}

In this work the code looks like this [3T88], [39]:

/I constants won't change. Used here to set a pin number:

const intbuzzerPin = 5;  // the number of the buzzer board pin
/[const int maandusPin = 6; // the groundlleg for buzzer

/l Notes and their frequencies
const intC = 1046;

const intD = 1175;

const intE = 1319;

const intF = 1397;

const intG = 1568;

const intA = 1760;

const intB = 1976;

const intC1 = 2093;

const intD1 = 2349;

/I Variables will change :
int aegheliseda = LOW,; // used to set the buzzer

/I Gererally, you should use "unsigned long" for variables that hold time

/I The value will quickly become too large for an int to store

unsigned longpreviousMillis = 0; /I will store last timleuzzemwas updated
int long interval = 100; // irval at which to vibe (milliseconds)

/I Lightsensor Muutujad

/I The dark variable determines when we turn the LEDs on or off.
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/I Set higher or lower to adjust sensitivity.
const intdarkLevel = 20;

Il Create a variable to hold the readings from tlghtisensor.
int lightValue;

/I Set which pin the Signal output from the light sensor is connected to
int sensorPin = A2;

/I Set which pin the LED that lights up to light sensor is connected to.
int ledPin = 10;

void setug) {

/I set the digital pin asutput:
pinModdgbuzzerPin, OUTPUT);
pinModg6, OUTPUT);
digitalWrite(6, LOW);

/l Valgussensor setup
/I Set sensorPin as an INPUT
pinModgsensorPin, INPUT);

/I Set LED as outputs
pinModgledPin, OUTPUT);

/I Set pin A3 to use as a power pin for the Iggnisor
pinMod€A3, OUTPUT);
digitalWrite(A3, HIGH);

/I Initialize Serial, set the baud rate to 9600 bps.
Serial.begii(9600);

void loof) {

/I Lightsensor Loop
I/l Read the light sensor's value and store in 'lightValue'
lightValue = analogRead(sendg@in);

/l Compare "lightValue" to the "dark" variable
if (lightValue <= darkLevel) // If the reading is less then 'darkLevel’
{
digitalWrite(ledPin, HIGH); // Turn on LED
Serial.prin("Valgussensor LED ON");
Serial.prin{"\t");

}

else/l Otherwise, if "lightValue" is greater than "dark"
{

digitalWrite(ledPin, LOW); // Turn off LED
}
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delay(10);
//Lightsensor Loop end

/I check to see if it's time to buzz that is, if the
/I difference between the current time and last time it buzzed
Il the buzzerboard is bigger than the interval at which you want to buzz the buzzerboard.

unsigned longurrentMillis = millis();
if (currentMillis - previousMillis >= interval){
Il save the last time th®izzer made noise
previousMillis = currentMillis;

/I if the buzzerboard is off turn it on and vieersa:
if (aegheliseda ==2.0OW) {

interval = 1000;

/IvibeState =HIGH,;
tongbuzzerPin, D1);
Serial.prin("Heliseb");
Serial.prin{"\t");

aegheliseda #+IGH,;

} elsef

interval = 10000;

/IvibeState 5. OW,
noTongbuzzerPin);
Serial.prin("Ootab ");
Serial.prin(interval);
Serial.prin("ms");
Serial.prin{"\t");

aegheliseda £ OW,

}
}
}

6.3 Placement of Lilypad in the product

It is important to let the usdrave a choice if they want to use electronic devices in the jacket
or not. For example, during leisure tim®&jzzermay not be necessary. Alsdeaning the
jacket can be difficult with electronic parts insidEherefore, all the parts should be
removabé. That is done with elcro stripsthat conduct electricity and sewable snap buttons
Two different ways are used to see how they react and which option would be ®efter.
velcro strips are sewed on the produeight shoulder inside and outside. Addinally, non
conductivestrips are sewn oleft shoulder, only on theutside. The other side of velcro is

sewn onshoulder patchewhere the Lilypad pieces are on and on fabric piece where Lilypad

52



itself is on. Lilypad fabric piece will between main makand lining. The dbric piece is
attached to theelcro strips that are sewn inside the product on shouBlerp buttons are
sewn on the chest piece and chest line on the product, inside and outside. The idea is the same

that was with the velcro strips

Choosing the placement of the Lilypadn t he pr oduct Bozedd @dr tt e swvta
chosen to pubn chestMain reason for the decision was based on study by Nem Khan Dim
and Xiangshi Ren from Kochi University of Technology in Japan. The studyordetermine

the best placement for wearable vibration devices which included laboratory tests dife real
feedback from usergt]]. Light sensor with LEBlight is put on shoulder to receive the right

light amount and LEENght is seenLilypad schematic iseen orFigure22.

O LED-light Light sensor

Lilypad

O
OAS A4 A3 \
- A2

Switch

Buzzer

Figure22. Lilypad schematics in the product.
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7. PATTERN AND PROTOTYPE DEVELOPMENT

Pattern was first tried out by sketching it from #tart with models measures. The second
version was tried out by taking apart existing suit jacket, in this case Mosaic suit jacket. That
helped to learn how it is done in the industfiglre23 andFigure24). The end pattern was

the hybrid of both patterns.

Figure23. Inside of Mosaic jacket's front.

Figure24. Inside of Mosaic jacket's sleeve

To make sure that the model would be with average induseasures, different apparel
brand measurement tables were investigalablé 6) . By comparing them

measurementsT@ble 7) it could be concluded that the measurements are fine because the
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differences are 0;%,0 cm. Only sleeve length difference is 3,0 cm but that is counted as a

personal trait.

Table6. Different brands basic measurements for men's jacket

Size guide for size S/48 (cm)
Measurement Baltika Group, Denim H&M Gowri
Baltman regular Dream

Chest 96 96 96 96

Waist 84 83 84 86

Hip 100 100 100 -

Back length - - - -

Sleeve length 65 62 - 63

Table7. Measurements of a model

Measurement cm 1/2 1/3 1/4 1/5 1/6
Height 185,5| 92,8 618 46,4 37,1 30,9
Chest 95,5 47,8 31,8 23,9 19,1 15,9
Scye depth 26,5 13,3 8,8 6,6 5,3 4.4
Waistline 83,0 41,0 27,3 20,5 16,4 13,7
Back length 41,0 20,5 13,7 10,3 8,2 6,8
Back width 34,0 17,0 11,3 8,5 6,8 5,7
Scye width 36,0 18,0 12,0 9,0 7,2 6,0
Ned size 39,0 19,5 13,0 9,8 7,8 6,5
Sleeve length 68,0 34,5 23,0 17,3 13,8 11,5
Shoulder seam 15,0 7.5 5,0 3,8 3,0 2,5
Cuff size 28,0 14,0 9,3 7,0 5,6 4,7

7.1 Pattern developmentfor Jacket 1

The pattern development was thesis of this part of the workhe am was to make only one
sample instead of several prototypes to find the perfect fit. Ther@Drejsualizationwith
Lectra software was usedhis kind of patterndevelopmentwould reduce textile waste
tremendously becauseverageprototype number gr model in fashion industry is twdhe
pattern was put on the mannequin basically after every chiimggee 25 showsthe fit of the
jacket after digitalizingFigure 26shows the pattern after makingarigesbased on the 3D

mannequin fittings
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Figure26. Jacket after making pattern changes.

By attaching the sleeves, the jacket dat fit the mannequir-igure27shows the fit. Colors

on the jacket show the ease of the jacket. White means there is 0 ease, blue parts up to 10 cm
of ease and yellow color indicated that the jacket is tigshould suggest #t the back width

is too small. Also, the top sleeve width from that part is too small. Furthermore, the shoulder
line could be wrong. In the end, at forepart shoulder line was brought down 1,5 cm and length
was shortened by 1 cm, back and top sleeve width made bigger. The results of changes

are seen ifrigure28.
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Figure27. Fit after attaching the sleeves

The colorful lines show the seams which help to see, for example, if the shoulder seam is in
the correct place. Additionally, if there is an error with assembling the jacket in 3D it is easier
to find the mistakeFigure29 shows all the details that the jacket consists of with the help of

different colorsThe patterns arseen irAppendix 5

Figure28. Jacket fit after making the last changes.
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Figure29. Jacket details atgghlightedto distinguish them better.

7.2 Pattern development for Jacket 2 and Jacket 3

When the ptiern was set for Jacket 1, the other two patterns could be done. The changes were
done only in the front. The pattern could again be checked in 3D environfiteshow
different options, the model is put to different postulidg results are seen igure30 and

Figure31 The patterns are seenAppendix 5

Figure30. Jacket 2 in 32nvironment
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Figure31 Jacket 3 in 32nvironment

7.3 Prototype devdopment

The main prototype development took place in Modaris 3D environment. Therefore, when the
prototype itself was sewn ready, it was just put on the model to see the endHigsuk
32).Additional pictures of the prototypmeseen in Appendix @Figure54, Figure55, Figure

56, Figure57, Figure58).

Figure32. First piototype worn by the model
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Light sensor with LEBlight is on right shoulder pad that is put on the product with
conductive velcroRigure 33). Buzzer is on right chest piece that is put on the product with
sewable snap buttonEigure 34). The removable Lilypad piece is between lining and main

material at front on the right side. It is removable with velcro at the shoulder and snap buttons

at the chestRigure35).

LIGHT SENSOR

Figure33. Light sensor with LERlight on right shoulder pad.

Figure34. Buzzer on right chest piece.
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Figure35. The removable Lilypad piece.

The information about sewing the prototype isrse product cards iAppendix 6 Product

card gives a good overview of the product to production. It shows the main sewing
instructions and lengths of trims, e.g. zipperdl. & materialsis seenn Appendix 7which

also includes the net cost of eactogquct. &wing technologyis seenin Appendix 8 It
explains the sequence of sewing operations made during prototype nia&seyl on the
experience in clothing manufacturing, the supposed sewing time would be 120 minutes with
t he pri ce odutting is &dditibhahli0% of the time, in this case then 12 minutes.
Therefore, the processing time is 132 minuldse usual fit percentage is 505%. In this

case, 60% was choseso, the selling prices would be:

"GO O G0E QXTI 1 = (108 160%) + (132 05) = 238,80 (2)
OO GNEQUIXIH2 (E'Q3 = (114 160%) + (132 05) = 24840  (3)

The minute price could vary based on production thiedquantity produce at one timEhe
minute price is offered based on inquires to differetexéile prototype makers. The current

prototype electronics part was sewn in manually ciwhneeds time and craftsmanship.
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Addi tional l vy, programming the Lilypad is no
need more than just uploading.

Furthermore because only one prototype was sewn, the sewing time is presumed. It could
grow a bt and decrease by time. If the results are compared with the prices of possible
competitors, e.g. Timberland, it is seen that the jackets in this work could be cheaper.
Therefore, the possible manufacturing and selling of the jacket is possible because of
affordable parts and sewing timéthe jacket would be resold in wholesale, the price could

increase.Still, a lot of aspects are presumed because all production costs cannot be seen with

one prototype.

7.4 Quality requirements for product

Quality requirenents are essential part of the product and selling of one. Because the product
consists of not only fabric and trims but also electronic devices, the quality requirements
could also be considered as basic safety requirements. The specification contiste of

parts: sewing the jackets, processing after sewing and processing electronic parts.

7.4.1 Sewing

1. Sewing main features:

a. thread number 100 tex

b. needle number 80

c. 4 stitches per centimeter

d. back stitch can be maximum 0,5 centimeters long

e. seam allowance is 1¢m, allowed mistake 0,2 cm.
Needleshave to behanged daily on the sewing machine
Invisible zippers have to be sewn with special zipper foot.
Main fabric cannot be shrunken while sewing the zipper

Sleeve arcs have to be shrunken evenly and identicadigdio other.

o gk Wb

Main material | and Il cannot be shrunken unevenly to each other.
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7.4.2 Sewing the electronic parts

1. Sewing machine has to be set up according to leg width.

2. Sewing machines used for sewing the electronic parts cannot be used for regular
sewing.

3. Sewirg machines used for sewing the electronic parts have to be cleaned end of every
work day.

4. Conductive seam endiadhave to be madmanudly for making sure the loose ends
would not create a short circuit

5. Conductive seams havelte made according to thelseme drawn ahead.

a. Conductive searmsannot interlock wittanotherconductiveseam, except when
both seams are connectdani Heag.s 6

6. Conductive seams angeut in the product after steaming and other quality control

processes (thread cutting, seam checkiop et

7.4.3 Quality checking:

There cannot be any over stretching or shrinking within seams.
There cannot be any folds after steaming and ironing.

There cannot be any loose thread endings.

There cannot be any stains.

Seams have to be even.

o gk WD R

Seams cannot be contirtbim the middle.

7.4.4 Steaming and ironing

1. Seams cannot be shining through after steaming and ironing.
2. There cannot be any folds after steaming and ironing.

3. Product has to be put on the hanger when leaving the steaming and ironing process.

7.4.5 Marking and packing

1. Product has to be on the hanger.

2. Hand tag is put on the neck facing with a pin.
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3. Hand tag has to have a stickerwgtr oduct 6s i nf or mati on.

. Product is covered with a plastic bag (size 50x90 cm) and closed from the bottom with
two tape strips.

. Second stickewi t h productds information is pu
corner.

. Packed product is put to cardboard box (size 590x350x590mm); 7 products per box.

7. On the top of the last product in the box goes extra cardboard for protection. Box is

closed with wile tape.
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CONCLUSION

Clothing industry is currently one of the biggest waste producers in the world. Living in the
era when recycling and ecological lifestyle is not only necessary but also trending,
researching durable materials, a great fit and esdhae for clothes is crucial. Smart textile
products create a new era of textile product development and design, manufacturing,
sustainability and lifetime expectancy. Electronic textileteggiles) feature an integration of
textiles with electronics andther hightech materials. The ongoing innovation process-of e

textiles holds opportunities to prevent future -@fdife impacts

There are already several options to create -textde product, e.g. conductive thread,
conductive polymers, conductivekis, small sensors etc. Still, the main obstacle is that they
are bulky and the batteries could still be too big or too weak to power the integrated circuit.
On the other hand, the sensors and microcontrollers, like Lilypad Arduino, are relatively
cheap ad easily obtainable with instructions. Putting them to work is somewhat easy because
of several openly shared instructions and videos. The whole idea of Lilypad was to-make e
textile more popular, so sharing eveigtihmade with it is encourage@hereforeit could be

concluded that there are already options to consider on the market.

The work consisted of two major parts: theoretical and experimental part. Theoretical part or
research includedmart textile optiongnd other 3D CAD systems that are ava@#aon the

market Additionally, the safety of etextile options wereinvestigate@ind calculatedThe
experimental parincluded conducting thotmh product development process. That led to
productsd specifications a romsittvas pdssibiectoariaked r a \
the patterns for the products. These were madethehhelp of Modaris 3D Fit prograrmn

the end, first prototype was made.

In conclusion, the work was successful with making of first working prototype. Overall, the
work gave an overview of smart textile system product development options and
implementation.The main goal of this work was to see how obtainable the smart textile
options are and how easily they could be integrated to a garment. The work met its goal by
making a pototype which showed simple integration of electronics and textiles. The thesis
could befurther developed by researching faster production options, e.g. using printed circuit

boards for integration, to the products and making the final sample.

65



REFERENCES

1. Kehl er, A. R. -debkignlofl eenerging sechiologies: &he aase of electronic
textiles. Research Journal of Materials & Design. 2013. (13.03.2017)

2. Customeifocused Development with QFD. [WWW] http://www.nrpdlutions.com/qgfd.html
(26.03.2016)

3. J»esaar , G. Tootearendus. Tart u. 2006. 172.

4, Tail ored waterproof menos bl azer s. -aniWww] F
style/11409279/Thenoststylishwaterproofjacketsfor-men.html (04.03.2016)

5. Timberland waterproof jacket. [WWW] tipis://www.timberland.com/shop/mensountclay-
waterproofblazer6950j (04.03.2016)

6. I ntervi ew wi t h Wat er of f a Duckods Back
https://momentummag.comanda-with-wateroff-a-ducksbackfounderantoniamaybury/
(03.03.2016)

7. Watero f f a Duckédés Back tailored coats. { WwWW]
off-a-ducks-backrevealsspringlifestyle-cyclerange/014617 (03.03.2016)

8. Kirkpatrick, A. The Truth about Waterproof Breathable Fabrics. Date unknown. [Online]
[WWW]  http://andy-kirkpatrick.com/articles/view/the_truth_about_breathable waterproofs
(05.03.2016)

9. Kessler, M. Insane in the Membrane. Outside. 2012. [Online] [WWW]
http://www.outsideonline.com/1898541/insamembrane (05.03.2016)

10. Zhai, S. Karahan, H, E. Wei, L. Qian, Garris, A, T. Minett, A, I. Ramakrishna, S. Keong
NG, A. Chen, Y. Textile energy storage: Structural design concepts, material selection and
future perspectives. ScienceDirect. 2016. 17. [Online] (05.03.2016)

11. Reserved SS16 Me n 6 s http:/Rvavw.rieasfashion pMed¢istheska
kurtkiplaszcze/ReservedKurtkazchowanymkapturemMKB88.html (05.03.2016)

12. Stoppa, M., Chiolerio, A. Wearable Electronics and Smart Textiles: A Critical Review.
Sensors. 2014. 36. [Online] (02.11.2016)

13. Honarvar, M. G., Latifi, MOverview of wearable electronics and smart textiles. The Journal
of The Textile Institute. 2016. 23. (14.03.2017)

14. Ala, O., Fan, Q. Applications of Conductive Polymers in Electronic Textiles. Research Journal
of Textile and Apparel. 2009. (08.01.2017)

15.  Mathe, R. R., Wardman, R. H. The Chemestry of Textile FibéfsE@ition. Cambridge, UK.
2015. (30.11.2016)

16. Bashari, A., Hemmati Nejad, N., Pourjavadi, A. Applications of stimuli responsive hydrogels:
a textile engineering approach. The Journal of The Tdrsl#tute. 2013. 12. (14.03.2017)

66



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Khoo, Z. X., Teoh, J., E., M., T., Liu, Y., Chua, C., K., Yang, S., An, J.,, Leong, K., F., Yeong,
W., Y. 3D printing of smart materials: A review on recent progresses in 4D printing. Virtual
and Physical Prototyping. 20168.01.2017)

Vanderploeg, A., Lee, &., Mamp, M. The application of 3D printing technology in the
fashion industry. International Journal of Fashion Design, Technology and Education. 2016.
11. (14.03.2017)

Noe, R. Production Methods Whats the DiffereiBetween Selective Laser Sintering Direct
Metal Laser Sintering Laser Melting and LaserCusin. Core77. Internet Article
http:/www.core77.com/posts/26457/ProductiethodsWhatsthe-DifferenceBetween
SelectiveLaserSinteringDirect-MetalLaserSinteringLaserMelting-andLaserCusing
(14.03.2017)

Lilypad Arduino. [WWW)] https://www.sparkfun.com/products/12049/ (16.01.2017)

Buechley, L., Eisenberg, M. The Lilypad Arduino: Toward Wearable Engineering for
Everyone. Wearbale Computing. University of Passa0d828. (14.03.2017)

Buechl ey, L., Hil |, B. , M. LilyPad in the
Engineering and Design Communities. Proceedings of the 8th ACM Conference on designing
interactive systems. 2010. 9. (14.03.2017)

Project Jacqudr Google and Levi. [WWW] https://atap.google.com/jacquard/ (13.03.2017)

Textiles and textile products Smart textiles- Definitions, categorisation, applications and
standardization needs. Standard: CEN/TR 16298:2011. 2011. (13.03.2017)

Beinart, R. Nazaan, S. Effects of External Electrical and Magnetic Fields on Pacemakers and
Defibrillators: From Engineering Principles to Clinical Practice. Circulation. National Institue
of Health. 2013 (13.03.2017)

Electromagnetic  fields. European Union  legislative tiosc [WWW]
https://ec.europa.eu/health/electromagnetic_fields/eu_actions_en (13.03.2017)

Mertz, L. Are Wearables Safe? Magazine of the IEEE Engineering in Medicine and Biology
Society. 2016. (13.03.2017)

Centers of Disease Control and Prevention. Wear&@bimputers and Wearable Technology.
Electromagnetic Spectrum. [WWW] https://www.cdc.gov/nceh/radiation/wearable.html
(14.03.2017)

World Organization of Health. Electromagnetic fields and public health
http:/www.who.int/pekemf/publications/facts/fs3221é

Electromagnetic Radiation Protection. EM fields& radiation. [WWW]
http://femfsafespace.ie/electromagnditidds-andradiation/(18.04.2017)

Sayem, A. S., Kennon, R., Clarke, N. 3D CAD systems for the clothing industry. International
Journal of Fashion B#&gn, Technology and Education. 2010. 10. (14.03.2017)

EFI Optitex. [WWW] http://optitex.com/ (14.03.2017)

Mo d ar i s-BEVirtudlDprototyping [WWW] http://www.imb.it/en/short/modaridd.html
(14.03.2017)

67



34.

35.

36.

37.

38.

39.

40.

41.

Razdomahins, N., Vilumsone, ADUb ol i n a, I . CAD for t he Cl
Science. 2007. 7. (14.03.2017)

Liu, Y.-J., Zhang, DL., Yuen, M., M:F. A survey on CAD methods in 3D garment design.
An International, Application Oriented Research Journal: Computers in Indust§. 281
(14.03.2017)

Arduino  Software (IDE). [WWW] https://www.arduino.cc/en/Guide/Environment
(18.04.2017)

Fitzgerald, S., Guadalupi, A. Blink Example. 2014. [WWW] https://www.sparkfun.com
(29.11.2016)

Sheenan, A. Lilypad Light Sensor Example. [WWW] hitpavw.sparkfun.com (29.12.2016)

Mellis, D. A., Stoffregen, P., Fitzgerald, S. Blink without Delay Example. 2010. [WWW]
https://www.sparkfun.com (30.12.2016)

Sheenan, A. LilypadBuzzer Example. [WWWhttps://learn.sparkfun.com/tutorials/lilypad
buzzerhookupguide

Dim, N., K. Ren, X. Investigation of suitable body parts for wearable vibration feedback in
walking navigation. International Journal of Hurm@omputer Studies. 2016. 11. (14.03.2017)

68



ABSTRACT

Clothing industryis currentlyone of thebiggestwaste producers in thevorld. Living in the
era whenrecycling and ecologicalifestyle is not only necessarybut also trending,
researchinglurablematerials, a gredit and extravaluefor clothesis crucial. Smartextile
products create a new era of tebe product development and design, manufacturing,
sustainability and lifetimexpectancy. Electronitextiles (etextiles) featureanintegration of
textileswith electronics and othdrigh-techmaterials. Theongoinginnovationprocess of €

textilesholds opportunitiego preventfuture endof-life impacts.

There are alreadgeveraloptions to createan etextile product, e.g. conductivéhread,
conductivepolymers, conductivenks, smallsensorsetc. Still, themain obstacleis their
bulkinessand thepower sourcecould still be too bigor too weakto power the integrated
circuit. On theother hand, thesensors and microcontrollers, likglypad Arduino, are
relatively cheap and easilgbtainablewith instructions. Puttinghemto work is somewhat
easy because of severabpenly sharedinstructions and videos. Therefore, abuld be
concludedhatthere are alreadgptionsto consider on the market.

The work consistsof two major parts: theoretical and experimental péheoretical part
includedresearchinto smarttextile options and available 3D CAD systems on the market.
Additionally, the safety of etextile options were investigated and calculated. The
experimental part includedonductingthorough productdevelopmentprocess. Thated to

p r o d u ccificatibns s ¢éechnicalrawings. Afterspecificationst was possibleto make
the patternsfor the products. Theseere made withthe help of Modaris 3D Fiprogram. In

the end, firsprototypewas made.

In conclusion the work gave an overview of smarttextile system product development
options and implementation. Tineain goal of thiswork wasto see howbtainablethe smart
textile options are and howasilythey could be integratedto a garment. Thavork met its
goal by making a prototypevhich showel simple integration of electronics and textiles. The
thesiscould be further developedy researchindasterproductionoptions, e.g. usingrinted
circuit boardsfor integration, taheproducts and makintpefinal sample.

This thesis is written in Engh and is 67 pages long, including 7 chapters, 58 figures and 16
tables.
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APPENDIX 1. Questionnaire in English.

Perfect everyday jacket for men

Perfect everyday jacket for men

What kind of jacket is really the best kind for men

* Mandatory

Choose one optior Choose

1. How old are you ? *

2. Do You have to be very active/move a lot throughout the day because of

work/school ? *

Yes

No

Quite a lot but it depends on the day
Other:

3. Do You wear a jacket daily ? *

Yes, everytime | leave home
No, | check the weather and then decide
| do not own a jacket

) Other:

4. Do You use a car to get around daily? *

) Yes

) No
Depends on the day
Other:

5. Please choose the most likable jacket type below *

: Option 1

Option 2
| Option 3
| Option 4
| Option 5
| Other.

's.google.com fforms/d/1| SBGrfAGm F g36hViwy 469D DU ZuOnE3I21AxexPp 1liedit?usp=drive_web
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Perfect everyday jacket for men

gl
3
§

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web

2/9
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Perfect everyday jacket for men

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web

3/9
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Perfect everyday jacket for men

6. How important is the brand/producer of the jacket? *

(\;\) Very important, | only buy certain brand products; e.g Hugo Boss, Adidas, Armani etc.

(7\) Not that important but | check the brand/producer before buying

(") Not important at all

7. What brand's/producer’s jacket are You using now? *

() H&M
() Cropp/Reserved/Jack&Jones

) River Island

) Zara/Bershka/Pull&Bear

( ) Armani

() Hugo Boss

( ) Timberland

() Tommy Hilfiger
() Nike
) Adidas

() Puma

) Other:

8. What do You not like about Your current jacket? *
|| Zipper/buttons/snapbuttons do not close/open easily/comfortably

| | There is no hood

| | Thereis a hood

|| It's too short

It has too short sleeves
|| It's not breathable

E It's not water-resisant
| It's too tight

|| It's too wide and big

| | Other:

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web



Perfect everyday jacket for men

9. What demands do You have about Your jacket's material? *

It would not wrinkle

It would be breathable

It would be wind-resistant
It would be water-resistant
It would keep warm

Other:

10. What kind of details should Your jacket have? *
patch pocket

besom pocket

| flap pocket

pocket with zipper
inner pocket
lapel/rever collar
standing collar

Other:

patch pocket

https://docs.google.com/forms/d/1I1SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web



Perfect everyday jacket for men

besom pocket

flap pocket

pocket with zipper

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web
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Perfect everyday jacket for men

inner pocket

standing collar

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web

719
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Perfect everyday jacket for men
11. What kind of front closing do You prefer the jacket to have? *

) Zipper
() zipper and button
() zipper and snapbutton

() button

() snapbutton
() | do not want the jacket to have front closing

) Other:

zipper and button  zipper and snapbutton

button snapbutton

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web

8/9
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Perfect everyday jacket for men

12. How important is the price of the jacket *

C / It's very important, | base my decision solely on that

(") Important but | do not base my decision only on that

( 7:) Not important, | check the overall look and comfort of the jacket before the price

() Other:
13. What is the highest price that You are willing to pay for a jacket? *

() 50 euros

—

() 75 euros
(\g) 100 euros
C ) 150 euros
() 200 euros
() Other:

14. Are there any specific technology or fabric used on the current jacket You own?
And Is that important to You? *

E.g the fabric is processed to be waterproof, Gore-Tex materials are used, smart textiles
are used etc

15. Do You wish to wear only a shirt under the jacket when You go outside? *

E.g You want to wear only a shirt or also sweater, sweatshirt, suit jacket etc under the
jacket

- : ;
D), | would prefer to wear only one layer under my jacket, e.g only shirt or sweater

\:) | prefer to wear multible layers under the jacket, e.g shirt and cardigan/sweater

(") Not important

N

16. Please describe Your perfect jacket

https://docs.google.com/forms/d/11SBGtrfASmF g36hViwy469DjDUZuOnE3I21AxexPp1l/edit?usp=drive_web 99
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APPENDIX 2. Questionnaire in Estonian.

Ideaalne meeste jakk

Ideaalne meeste jakk
Milline on tegelikult meeste ideaalne igapaeva jakk

* Kohustuslik

1. Kui vana Te olete *

2. Kas Te peate seoses kooli voi tooga paeva jooksul palju ringi lilkkuma? *
Markige ainult (iks ovaal.

Jah
Ei
Usna palju, kuid oleneb paevast

Muu:

3. Kas kannate jakki igapdevaselt? *
Mérkige ainult (iks ovaal.

Jah, iga kord, kui kodust valja lahen
Ei, vaatan enne ilma ja kui kilm véljas on
Ei oma jakki

Muu:

4. Kas k igapa ks ringi lilkumiseks autot? *
Markige ainult iiks ovaal.

Jah

Ei

Uldiselt, kuid oleneb paevast
Muu:

5. Palun valige enim meeldiv jaki mudel *
Maérkige kéik sobivad.

Valik 1
Valik 2
Valik 3
Valik 4
Valik 5

Muu:

https://docs.google.com/forms/d/1qPAUS97D DnR5TxyNaU50pSwww4rAZ G5zrM ER9y43bhs/edit?usp=drive_web

19
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|deaalne meeste jakk

https://docs.google.com/forms/d/1qPAUS97D DnR5TxyNaU50pSwww4rAZ G5zrM ER9y43bhs/edit?usp=drive_web

29
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Ideaalne meeste jakk

https://docs.google.com/forms/d/1gPAUS97DDnR5TxyNaU50pSwww4rAZ G5zrM ER9y43bhs/edit?usp=drive_web

39
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Ideaalne meeste jakk

6. Kui oluline on uue jaki valimisel jaki bréandi/tootja? *
Maérkige ainult (iks ovaal.
) Véga oluline, ostan ainult teatud bréndi/tootja tooteid (néiteks ainult Armani tooteid)
) Ei ole vaga oluline, kuid jalgin, mis bréndi/tootja toode on
) Eiole lldse oluline
) Muu:

7. Mis brandi/tootja jakki hetkel kasutate? *
Maérkige ainult iiks ovaal.

) Cropp/Reserved/Jack&Jones
') River Island
) Zara/Bershka/Pull&Bear

) Armani

) Hugo Boss
() Timberand

) Tommy Hilfiger
") Nike

() Adidas

() Puma

) Muu:

®

Mis Teile praeguse jaki/iileriva juures ei meeldi? *
Ulerdivas, nagu naiteks mantel, jope ja muu toode, mida vélja minnes selga panete
Mérkige kéik sobivad.

Lukk/N6obid/Trukid ei kai mugavalt lahti/kinni

m
["] Kapuutsi pole
| ] Kapuuts on
[ ] Liiga lihike

Liiga lihikesed varrukad

| | Jakk ei lase dhku labi

[ ] Jakk ei ole veekindel

| Jakk on liiga kitsas

["] Jakk on liiga lai ja lohvakas

|| Muu:

https://docs.google.com/forms/d/1gPAUS97D DnR5TxyNaU50pSwww4rAZ G5zrMER9y43bhs/edit?usp=drive_web



Ideaalne meeste jakk

9. Millised ndudmised oleksid Teil jaki/pintsaku materjalile? *
Mérkige kéik sobivad.

ei kortsuks

laseks ohku labi

oleks tuultpidav

oleks vetthiilgav (keha jaaks naiteks vihmaga kuivaks)
hoiaks sooja

Muu:

10. Millised detailid voiksid tootel kindlasti olla? *
Mérkige koik sobivad.

pealedmmeldud taskud
nodpauktasku

klapiga tasku

lukuga tasku
pbuetasku

revaarkrae

pustkrae

Muu:

pealedmmeldud tasku

https://docs.google.com/forms/d/1gPAU537D DnR5TxyNaU50pSwww4rAZ G5zrM ER9y43bhs/edit?usp=drive_web



Ideaalne meeste jakk

noopauktasku

klapiga tasku

lukuga tasku

https://docs.google.com/forms/d/1qgPAUS97D DnR5TxyNaU50pSwww4rAZ G5zr MER 9y43bhs/edit?usp=drive_web
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Ideaalne meeste jakk

pouetasku

revaarkrae

piistkrae

https://docs.google.com/forms/d/1gPAU597D DnR5TxyNaU50pSwww4rAZ G5zrM ER9y43bhs/edit?usp=drive_web

719
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Ideaalne meeste jakk

11. Milline kinnis voiks jakil ees olla (kuidas jakki eest kinni panna)? *
Markige ainult (ks ovaal

Lukuga

Luku ja n6opidega

Luku ja trukkidega

Noopidega

Trukkidega

) Eisoovi, et jakk eest kinni kaiks

Muu:

Lukuga Luku ja néépidega Luku ja trukkidega

-
~ o

TR

L SRAEL.

J

Noopidega Trukkidega

https://docs.google.com/forms/d/1gPAU597D DnR5TxyNaU50pSwww4rAZ G5zrM ER 9y43bhs/edit?usp=drive_web
S 8/9
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Ideaalne meeste jakk

12. Kui tahtis on jaki hind? *
Maérkige ainult (iks ovaal.

:\ Véga tahtis, teen otsuse ainult hinna pohjal

7 ) Tahtis, aga ei tee otsust ainult selle pchjal

) Ei ole tahtis, vaatan enne muid omadusi, nagu mugavus, valimus jne

) Muu:

13. Mis on korgeim hind, mida olete ndus maksama jaki eest? *
Maérkige ainult iiks ovaal.

() 50 eurot

) 75 eurot
() 100 eurot
) 150 eurot
(") 200 eurot

) Muu:

14. Kas praeguse jaki puhul, mida k te, on k d erilist tehnoloogiat voi ? Kas see
on oluline? *

Naiteks kangas on toodeldud veekindlaks, on kasutatud Gore-Tex materjale, on kasutatud tarke
tekstiile ja tehnoloogiat jne.

15. Kas vélja minnes soovite iilerdiva alla ainult sarki? *

Naiteks kas jakki kandes, kannate selle all ainult sarki, v6i ka pintsakut/pusa’kampsunit jne
Maérkige ainult (iks ovaal.

; Ma eelistaks valja minnes ainult thte kihti lerivast, naiteks ainult pintsakut/kardigani voi
ainult mantlit/jopet

( 7] Ma eelistan kanda mitut dlerdiva kihti, et kindlasti palav ega killm ei hakkaks, néiteks vélja
minnes panna selga lisaks ka jope/mantel

) Eiole oluline

16. Palun kirjelda, milline on Teie ideaalne jakk!

https://docs.google.com/forms/d/1gPAUS97D DnR5TxyNaU 50pSwww4rAZ G5zr MER9y43bhs/edit?usp=drive_web
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APPENDIX 3. Questionnaire results.

Age

m20-25
m 26-30
m 3140
m 41-50
m 51-60

Figure36. Questionnaire results on age.

Do You have to be very active/move a lot
throughout the day because of
work/school?

m No
mYes

= Quite a lot but it depends on
the day

Figure37. Questionnaire results activity during the day.
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Do You wear a jacket daily’

2%

m Yes, everytime | leave hom

m | do not own a jacket

m No, | check the weather and
then decide

m Depends on the outfit I'm
wearing

Figure38. Questionnaire resslion jacket wearinffequency

Do You use a car to get around daily

m No
EYes

m Depends on the day

Figure39. Questionnaire results on car usage.
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Most likable jacket

m Choice 1
m Choice 2
m Choice 3
m Choice 4

m Choice 5

Figure40. Questionnaire results on most likeable jacket.

How important is the brand/producer
of the jacket?

2%

m Not that important but |
check the brand/producer
before buying

m Not important at all

m Pretty important but
depends on the design

Figure41l. Questionnaire results on bdiimportance.
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What brand's/producer's jacket are You
using now?

Figure42. Questionnaire results on which brand is most popular.

What demands do You have about
Your jacket's material?

1%
m It would be breathable

m It would be water
resistant

m It would be wind
resistant

H It would not wrinkle

m It would keep warm

m Would fit another layer
of clothing

Figure43. Questionnaire results on demands to jacket material.
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What do You not like about Your current jacket

1%10
1% 104 01%

3% 1%

3%

B Its notwatesresisant
= Itstoowide and big
1 Zipperbuttons/snapbuitions do not close/open
a Fre Do Shon eve
m [tsnot breathable
H Thereis nohooc
m Itstootight
m Thereisahoot
i Itstooshort
® | do not buy things | do notlik
u |like everything
m Cantremove lining which makes it uncomforta
Wears off easily
Nota good fit for day and night we:
Do many imbelishment:

Pockets are toosma

Figure44. Questionnaire ressliondislikes about current jacket

What kind of details should Your
jacket have?

2%

H Inner pocket

m Pocket with zipper
m Standing collar

m Flap pocket

m Lapel/rever collar
m Besom pocket

= Patch pocket

Figure45. Questionnaire results on which details are wanted on a jacket.
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What kind of front closing do You
prefer the jacket to have?

m Zipper and snapbutton
H Zipper

m Button

m Zipper and button

m Zipper and velcro

m Depends

Figure46. Questionnaire results on front closing preferances.

How important is the price of the
jacket?

m Important but | do not
base my decision only on
that

m Not important, | check the
overall look and comfort of
the jacket before the price

m It's very important, | base
my decision solely on that

Figure47. Questionnaire results on price importance.
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What is the highest price that You
are willing to pay for a jacket?

m 100 euros
m 200 euros
m 150 euros
m 75 euros
m 50 euros

m Not important

Figure48. Questionnaire results on price.

Do You wish to wear only a shirt under
the jacket when You go outside?

m | prefer to wear multible
layers under the jacket, e.g
shirt and cardigan/sweater

m | would prefer to wear only
one layer under my
jacket, e.g only shirt or
sweater

= Not important

Figure49. Questionnaire results on layering importance and preferences.
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APPENDIX 4. House of Quality.

Figure50. House of Quality
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