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ABSTRACT

In this paper, we aim to provide an overview ortitexinterfaces
in regard to three main aspects: education, appéednologies
and ways of interaction. The research in this fisldtill at an
early stage and we find that there are a lot ofoojmities for
future work.

Textile interfaces offer a broad range of advardage the
educational world in terms of engagement, aesthetad
diversity, but still possess some drawbacks whiekdnto be
addressed.

The technology behind textile interfaces spreadsrseveral
fields like electrical and computing engineeringt blso sewing,
fashion, and arts. The paper presents new techiesloge
piezoelectric materials and thermoelectric generttat helped
the development of textile interfaces.

We also explore the interaction aspect of the f&dve try to find
out which gestures are acceptable and the criterimake such
choices.
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1. INTRODUCTION

Smart materials are defined as “a set of sensctsaw@rs, and
processing elements embedded in or attached to bac fa
backplane which routes data and power throughoaittéixtile”
[1]. In other words, a smart material “can reacstinulus from
its environment and adapt its behavior accordingl#].
Throughout this paper, we may refer to smart mate”s smart
clothes, electronic textiles, or e-textiles.

These smart clothes enable researchers to crémtad new area
of interest: the textile interface, where e-testilere used as an
input or output device by a user.

When we look at the place of textile interfacegshia computing
and HCI world, we see that they are “a platform dbiquitous
and wearable computing” [1]. Ubiquitous computingans that
computers are integrated into everyday objectauiah @ way that
they disappear from the consciousness. So smdhtesldit in this
definition, as they can be inconspicuously integplainto a
person’s daily life [1]. In addition, textile infeces also comply
with the characteristics of wearable computersirotmiembedded
into everyday clothing making them always accessiéghd it
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allows the user to carry on its usual activitieslevhising the new
functionalities of its garment [3].

Before textile interfaces appeared, smart clothese theen used
for several applications, like health monitoringn this case,
sensors that are embedded in the clothes wouldtanghie user’s
vitals and could transmit the data [12]. Moreoveigst of the
smart material uses are passive; they would redatd using
sensors, and possibly transmit it. However, ther uss no
interaction with the smart cloth.

An early attempt to overcome this which eventuldly to textile
interfaces was the Arctic suit [5]. This projectsn@lying solely
on electronic textiles, but it provided the usethma specifically
designed interface device. Compared to the previbealth
monitoring jacket which had to interface for theeyshe Arctic
suit had a held-held device attached to the suig lygtractable
cord. The Arctic suit can be considered as the smgs link”

between e-textiles and textile interfaces.

One of the first real textile interface ever donaswhe Musical
Jacket [9](see Figure 1). A regular jacket was turned intousic
instrument by adding an embroidered fabric keygathbric bus
and the required electronics on it. The keypad avisbric switch
matrix sewn from conducting and non conductingitabhen a
key was pressed, the two conducting layers woullenmntact
through the spaces in the netting and an electricent would
flow from a row electrode to a column electrode.

Figure 1. The Musical Jacket [9]

Like other platforms before, textile interfacesegan opportunity
to expand creativity and to democratize IT, likeogramming
languages or architecture principles. This will $f®wn in the
later sections.

The object of this paper is to demonstrate hownbis topic may
benefit to the educational world, how its underyitechnology
works, and how interactions have to be rethought.



2. EDUCATION

In this section we investigate several applicationd
computational textiles in the education and we poirt the major
benefits that these have brought. We further descithe
challenges of using smart materials in order tmaettnovices to
technology.

2.1 Benefits

Wearable computing and e-textiles introduce an adtitre
approach for novices to explore technology as “edpay and
democratizing the range of human expression aratieity” [2].

Several construction kits like Lilypad Arduino [ZleeBoard [11]
and i*CATch [10] were designed and used during \sbdp-
based user studies aiming to engage young peopie
programming and electronics. All the participants these
workshops completed their projects by combiningieegring
and aesthetics, by putting creativity into makineit own
attractive fashion as part of their social appesganNot
surprisingly, integrating technology into the imsts of the
female students led also into increasing their esigsm for
computer science and electrical engineering.

2.1.1. Increase engagement

Lilypad Arduino [2] was designed as a fabric-basedstruction
kit that enables novices to design and build theim soft
wearables and other textile artifacts [2]. It cetsiof a fabric-
mounted microcontroller (see Figure 2), sensors acttiators
connected by conductive threads. It can be seema®gous to
Lego Mindstroms as both construction kits consisteohput and
output components but Lilypad Arduino aimed at ¢heation of
interactive textile and Lego Mindstroms was appliedrobotics

[2].
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Figure2. The Lilypad Arduino[2]

The main goal of Lilypad Arduino was to teach cleld and
novices fundamental skills in computer science eledtronics by
allowing them to creatively experiment with e-téedi Most
participants in a series of workshops lacked expeg in these
fields but were interested in others like art arafts. A post study
conducted survey showed an increased interestregayement to
the technology fields and six out of eight studeetpressed
willingness to participate in future electronic Ham activities,
where five of them would be inclined to take comgouscience
and electrical engineering [2]. These results thiat textile-based
ubiquitous computing can make science and techgotogre
enjoyable than traditional teaching and thus broadbe
engagement in engineering and computing [2]. Anothedible
evidence of the benefits of using e-textiles toaattyoung people

in

to engineering was the fact, that three of the ippents at
Lilypad Arduino workshop returned to complete thaiojects or
to add functionality after the end of the actuakksbop (one of
the participants, expressed unsolicited interesinrafter school
“electronic fashion club” and a more in-depth seeel®ng class)
[2]. “E-textiles will probably not appeal to everny, but they
introduce the creative possibilities of computeiesce and
electrical engineering in a unique way” [2].

Figure 3. Spookies [4]

Another researcher, Lena Berglin, addresses sndrials as a
possible way to fill the gap between complex corapabal
technology and understanding [4]. In her “Spookiesficept (see
Figure 3), for example, she encourages the crigatwid logical
thinking of children in a free play. This interaitoy introduces
several units that are to be operated as pairsnable direct
communication, to receive and display informatitmdetect and
announce movements, to take and display picturts; put
melodies, to measure and handle time and distatcesend or
receive code messages and to switch on/off ligathEunit is
fitted with electronic components such as light edairs,
vibrators, diodes, etc. and they communicate usiwigeless
technology. Children may use their imagination ahe
spontaneous while playing with the units of the. tAgyway, the
combination of different “Spookies” opens up thepogunity for
more complex functions and for a logic play wittfoimmation
technology [4]. To achieve this, the children shibalways keep
in mind the hierarchy and possible combinationshef different
units. They are encouraged to find their own rdtestheir play
and interact among each other. By trying to be tamdhan the
competitors, logical thinking is stimulated and wes richer and
more engaging experience. Moreover, the interactiibh the toy
made children also curious to explore the technologhind it
[4]. In other words, playing with the Spookies cemtivate
children to take engineering or computer scienassgs at a later
point in their life.

2.1.2. Art and engineering

E-textiles are beneficial also to some other aréashion and
aesthetics. The first one plays an important releeeially in the
lives of young people [2]. So wearable computingl @mart
textiles give them the opportunity to personalizeirt clothing in
an attractive way, to express their personality #mg influence
their social appearance in the society. They ampted by the
idea to create items, interesting applications déctacal
engineering or computing, on their own that they seially use in
their everyday life. For instance, a teenage girlaaLilypad
Arduino workshop created a touch-sensitive shirat tmade
sounds when someone squeezed her waist [2]. Nptisiagly,



this shirt became an excuse for the teenagersuhteach other
and they were flirting, fascinated by this “new gémrTherefore,
e-textile and textile interfaces can have more thdocational
benefit as they can play an important role in tielent’s life and
can have an impact on their social appearance antioeig

friends. This is one more reason why the design assthetics
aspect have a crucial impact during the constroctb textile

interface.

At one of the workshops with Lilypad Arduino, stude took

advantage of the aesthetic affordances of the saftti-colored

flower (being the microcontroller patch, see FigRyend utilized
it as a decorative element. The kids spent a Iainoé for the

careful placement of electronic components and phecise

sewing of the conductive threadsying to achieve better
decoration [2]. In other words, “the “look" of thélypad deeply

influences users” experience of the kit [2]. Moren students
got encouraged to integrate aesthetics, art, desigrengineering
and thus reconnected these fields which intrinsicate not

mutually exclusive.

2.1.3 Diversity

Despite the above mentioned statement, it is a-kwellvn fact,
that the percentage of women in computer sciencpiiie low.
Some studies revealed that the problem lies in lduk of
“communities and mentors that men have access £ [
Nevertheless, Lilypad Arduino can be seen as ansuaiu
approach to computer science education [2] by mateyy it into
activities where women are already engaged or ésted in.
Moving the focus away from the technology and patthe stress
on e-fashion is believed to be one of the reasdnsmore female
students took part in the Lilypad Arduino workshof® future
educational programs should try to integrate ticarielogy fields
in a way that is attractive for young women.

2.2 Challenges

The nature of constructing e-textiles introducesneonew
challenges which need investigation in order toowalleasy
integration of wearable computing in technology@tion and to
remove some of the obstacles for the integratioe-txtiles into
educational computind1].

In the first place, sewing requires some basicllef/skill. On the
other hand, stitches are difficult to remove [2Haeassembling
can be a time consuming task. Finding shortcuts atiger

conductivity problems after the sewing and attaghiof

components is done can cause the need to startsfcoatch all
over again and it demands more time to be spertherdesign
and careful engineering [2]. So this emerges thednef a
construction toolkit that supports active and hamddearning by
being easily reconfigurable and debuggable [11].exibeless,
the placement of microcontrollers, sensors andasats and their
connection through conductive thread combined \hh aspect
of aesthetics and usability may become a very cusobee task.
The later would lead to a situation where a sigaift amount of
time is spent on building and decorating, whilegpesnming and
debugging are left aside. That problem was addidedseng the
Lilypad Arduino workshop by forcing the studentsditect errors
and problems and begin programming at a relatieelfy stage

[2].

One step into lowering the required level of sewshgl was to
eliminate the use of conductive threads for theatowe of
connections between. The solution was introduced ésgboard
[11] — an education-friendly construction platfofor e-textiles
and wearable computing. It borrowed its approacmfOrth et al.
[18] and used conductive fabric to construct comistacstrips
[11]. This fabric has an adhesive backing andquiees simply to
be ironed on top of a textile. Besides this, asatikesive layer
was non-conductive, users are able to create ldyarerossing
structures without having to care about short dscuSo it
reduces also the need of advanced electrical krigele

Ngai et al. [10] addressed the challenge of the-doivy skills
threshold with developing of the i*CATch wearablemputing
framework for children and novices. It meant tangfiate point-
to-point connections, in which individual input aodtput pins on
the microcontroller and the peripheral modules emenected
directly to each other [1@s this technique required huge forward
planning. It required also understanding the diffee between
open and closed circuits, avoiding short circuitd knowing how
to connect devices in parallel and serial configonst — such
knowledge and experience that novices lacked.

i*CATch construction platform [10jelies on a bus architecture
where messages between components are send oradcésb
manner. So, in this case the communication requirdg two
channels and thus only two connection points fehesglectronic
module. The interface of i*CATch made use of mesabp
fasteners (see Figure 4). The idea of using sndpormi as
connective interface [11] was developed alreadyHerTeeboard.
These fasteners have the advantage of being véuystrd10],
easily attached to the fabric and supporting midtip
connect/disconnect cycles [11]. In this way, theadility and
flexibility were granted. The challenge of creatiegor-prone
electrical connection was also prevented as malefemale snap
fasteners allowed easy distinguishing of power suapd ground
streams. The snap buttons made the task of modislehment
also far easy than in other wearable computing éraonks. As a
result, errors in the electrical engineering weasilg reduced. The
use of snap fasteners also supported the aesthasipact of the
clothes.

By simplifying the hardware for wearable computirend

lowering the skills threshold in the beginning, ATch

encouraged the creativity of the participating stud, they
integrated more electronic modules and were abkpemt more
time on programming that lead to longer code. Oesttiis, the
framework itself and its IDE encourages good progning

practices, like code reuse, divide-and-conquer rapditrategies
and modular design [10]. The plug-and-play consimad10] on

the other hand, allowed the novices to experimadtgartially to
use more iterative approach in the design phase.

For coding purposes, the i*CATch research groupatet a
hybrid text-graphical programming language [10] atedeloped
their own integrated development environment (IDWgj it.
Programming uses dragging and dropping graphicadkisl that
represent programming constructs and joining thegether to
denote program flow [10]. The source code is geedrat the
background and the user can always switch to tesét
programming whenever he or she feels confident guimg one
step further.



The Lilypad Arduino toolkit also comes with its own
programming tool, a modified version of the ArduilixE, which
enables the user to program the microcontrolleplogging the
PCB to a computer by USB, instead of removing thip @and
plugging it to a special board linked to the conepU®]. This
simplifies the programming tasks, but still reqeigrogramming
skills from the user.

The Spookies project discovered other challengsreint from
those mentioned earlier. The main concerns to biewed were
the look, form, and weight of the units becausesghéactors
influenced the active play of the children and hbey perceived
the toys. For example, a look of a pet “made sohildren to start
taking care of the unit instead of participatingtlie game” [4].
Using very light balls had the natural affordancebie easily
thrown. Thus the concepts of Spookies were reviesederal
times to achieve successful stimulation of thevaqpilay.

In order to round up the challenges in e-textilehtmmlogy
education it is necessary to mention that wearablaputing-
related workshops usually lasted one week. Thisetliout to be
quite a challenging time constraint for succestfathing a wide
range of skills, e.g. sewing, electronics, prograngn So
completing a related project was additionally adhtask to be
achieved.

3. TECHNOLOGY

In this section, we will go over the several chadles that are
faced when developing the technology behind textiterfaces,
the advantages that textile interfaces might haxex other types
of interfaces and we will describe some of the labéé hardware
and software.

3.1 Challenges

A textile interface, as its name says, relies Hgaon fabrics.
Thus, in comparison to traditional electrical or mputing
engineering, some additional requirements haveetduffilled,
along with the traditional ones.

3.1.1 Traditional Constraints

In mobile devices, the most common challenge thasually met
is the power consumption. Having a mobile deviceamsethat it
must be battery operated and thus, several qusstiamwe to be
raised at the design stage.

One issue can be the balance between functioreatity power
that has to be carefully thought before hand. Eprbjects like
the Georgia Tech Wearable Motherboard [13] or thetié suit
[5] used a large amount of processing power andletbdarge
batteries. However, the battery weight needs aldwettaken into
account. Although it is already a concern whengteésg mobile
devices like laptops or mobile phones, it becomemr issue in
wearable computing. For example, in the Arctic quject, the
designers chose not to exceed 1 kg extra weigharfiooriginal
suit of 3.5 kg.

Besides the battery issue, in textile interfacé® in any other
project involving electricity, other basic electrionsiderations
have to be taken into account. For instance, wgrkiith textile

material means that there is a very large areaishavailable to
sew electric wires. However, having this large spean create
other problems like internal resistance if the wigre too long
[10]. When trying to shorten the wires, on the otha&nd, one can

create another problem by crossing connection lii€§ and
generate short-circuits.

3.1.2 New Constraints

Adding electronics to a piece of clothing is ndrigial task as it
seems to be. Several aspects have to be consiger@dhe most
important one is to make sure that the wearability not be

altered and that the original properties of thehas will be kept.

In order to achieve this, attention has to be gieethe location of
the components; the weight must not be too impbtiahmust be
appropriately distributed on the garment [5]. Wipdacing visible
components, extra care has to be given to aesthetis we stated
in the education sectior and to social aspects like acceptability.
This will be discussed later in the interactiontisec Also, the
wiring must be done so that usual movements do faet
cumbersome, and it must resist to a certain amofistretching

[5].

Another obvious issue to be considered is thathektusually
require washing. When building a textile interfagestem, one
must think that components which are embeddedthedextile’s
structure will need to be washable, while composevitich can
be removed must have an easy and robust way tetheheéd and
reattached [5]. The i*CATch [10] platform solvesstlissue by
using snap fasteners (see Figure 4) to attach retect
components to the textile. This way, the connecisosecure and
the garment can withstand several connect/discomyeles.

Figure 4. Metal snap fastenersfrom [10]

So textile interfaces’ designers must pay attentitso to some
durability issues, like dropping, moisture, statttarge, or wear
and tear [1]. People take usually less care ta ttiethes than to
their electronic devices, so it is the designeol jo make sure
that textile interfaces can stand the test of fiman everyday life.
Designers also have to take into account speciaktaints;

depending on which situation and for what purposeexile

interface is used. For example, when developingAttetic suit,

the designers had to make sure the system couldséd while
wearing gloves and by left or right-handed people [

3.2 Advantages
As it was stated before, clothes are perfect foaraldle and
ubiquitous computing and thus have several advastag

3.21 Ease-of-use

Clothes with textile interfaces can be seeminglguight into a

person’s life, along with their extra capabilitiés.comparison to
an independent device, the deployment of a textlerface is

trivial: the components are already in place, dr@user has just
to wear the piece of clothing to setup the addetttfanalities.



Another advantage over stand alone devices istligatvires are
weaved or embroidered in the fabric, so it is rasible for them
to become entangled or ripped off by accident.

3.2.2 Wired Over Wireless Communications

Another unquestionable advantage of textile inta$a and
electronic textiles in general is their capability connect the
components using wires instead of wireless systems.

First of all, from a power consumption point ofwiethe benefits
are numerous. In a wireless architecture, in omeupply power
to all of the independent components, several liesthave to be
integrated to the garment [1], increasing the ridk losing
wearability by adding extra weight. Furthermorecharging the
device becomes more complicated, as every battasytb be
located so that it is easy to be replaced or plddgge

Also, wireless communication means that componeetsl to be
actively listening all the time, which induces héghpower
consumption. In a wired system, components carespisig and
awaken by an electric signal sent through the witgsThis way,
unused components do not waste excessive amopoiner.

Considering the wireless use, some user's conaiss too [1].
From a security aspect, wireless transmissionse r@igvacy
issues; the data being exchanged can be very @érgdn like
vital signs monitoring, or these signals could bedito determine
the user’s location [1] and allow tracking him.

3.2.3 Power

As we have seen in the above section, textile faxtes rely on a
wired architecture, which allows better power conption and
limit the number of individual batteries. In comigan to other
wearable computing systems, in e-textiles it issgae to include
different power sources instead of only batteries.

As an alternative, when using a piece of clothikg b shirt, one
can use body heat for power generation. Vladimiorie and
Ruud J. M. Vullers describe [15] a “Body-poweredstsyn in
clothing”, an electrocardiography (ECG) system gnied into a
shirt, and powered by a thermoelectric generateiQ)l The TEG
is converting the heat flow into electricity. Thacorporated
battery is continuously recharged using the pesstnwdy heat,
which is harvested using fourteen thermoelectridufes.

Another way is to take advantage of the large afé¢he textile by
using multiple photovoltaic materials. These caratlded to the
garment and provide extra power. Konarka Technek{l4], a
US company, developed several products, the latest being
Power Plastic®, a “photovoltaic material that caesu both
indoor and outdoor light and converts it into direarrent (DC)
electrical energy” [14]. This material is very fin@.5mm thick
and flexible, and could be easily attached to amegat, or a
clothing accessory like a bag. The ECG shirt priesbabove also
contains photovoltaic cells, preventing the shitiattery to be
discharged if the shirt is not worn for months.

The third possible alternate source of power ftexdile interface
comes from body motion. This energy can be hardastseveral
ways. The impact forces generated while walking lbarused by
heel-strike generators, inertial forces in shoebamkpacks using
electromagnetic induction or any movement can ptedenergy
using a generator based on the self-winding wristwa 6].

3.2.4 Fault-Tolerant Networking

E-textile may easily overcome also other traditloc@nstraints.
For example, fault-tolerant networking can be aabiewithout
difficulty, as “the large surface area of textitefters the potential
for incorporating redundant conductive fibers aminponents”
[1]. In this case, only the cost factor and the poaonsumption
influence the level of redundancy to integratehia dlesign.

3.3 Hardware

Textile interfaces are built using different teaunés, components
and tools available. The two main production teghes are
embroidery and weaving and these have their adgastand
disadvantages which we will present and compar@vbeln
addition, we will shortly look what classificatioand kinds of
materials exists for realizing fabric interfacesl amill show what
architectures are currently applied.

3.3.1 Embroidery

The main advantage of embroidery over weaving & #ny
pattern can be created [1]; the conductive threasbe placed
anywhere on the garment, in any direction, whilewieaving,
threads can only be placed horizontally or verycalhis allows
for more liberty when designing a textile interfadde second
main advantage embroidery has in comparison to iwgas that
the conductive threads can be added on a finiskemt pf cloth
as well [1].

However, one of the disadvantages of embroidetias not any
conductive thread can be sewn this way. It is ifgrto check
whether the type and size of the fibers will workthwthe
machines [1]. The yarns must be strong and flexiblerder to
not break when sewn by the high speed machinesTi®ése
embroidery techniques were used to build one of ¢hey
examples of textile interfaces the Musical Jacket [9] presented
in the introduction.

3.3.2 Weaving

Even though embroidery has several advantages,afinat
compete against weaving in respect of speed, ddleetanodern
looms used for producing textiles.

Here is how the weaving process works in a few wdid; two
sets of yarn are used, one vertical, the otherzbnotal. One of
these set, the warp, is attached to a loom, whédeother, the weft
are inserted perpendicularly during the weavingcess. Before
the weft is inserted, the loom orders the warp yasa that the
weft will run above or under them. These choicesatr the
pattern. In a weaving process, the threads endssedtress than
in embroidery, so the array of conductive thredwds tan be used
is larger.

Weaving is the most cost-effective way of mass poitty textile.
However, changing patterns requires reconfigurhmgmachines,
which is an expensive task, so the authors of {itjgest using
generic patterns on which several different systeodd be built
and using embroidery techniques to finalize thelpob.

3.3.3 Groups of Smart Materials

Regardless of the production technique, smart nadgeare pieces
of clothing enhanced with sensors or actuatorsdepgnding on
their utilization, the following classification cdre done [4]. The
passive ones have only sensors which monitor their envirenmt.



The smart activity bag [8] from Park et al. can ¢@en as an
object using only passive smart materials, asntaaly “sense”
items that are in the bag, and indicate what itaresmissing by
providing an indication or a reminder.

Theactive andvery smart materials use both sensors and actuators

which can react to stimuli coming from the envir@m As an
example we can consider the tracker pair of Spaokitere each
unit tracks the distance range of the other unit @hapts the light
indication in respect to the actual value.

3.3.4 Kinds of Material

In the previous section we mentioned that oftenseen and
actuators enhance fabrics in order to achieveipnefiactionality.
Textile interfaces systems may use several kindsotbfer
components. Detecting a touch can be achievedvieraleways,
the obvious one being to use a regular button. Weweother
techniques are also available.

Instead of a regular button, one can use its tegtjuivalent; two
layers of conducting fabrics are separated by aaooluctive
layer, and when pressed, the outer layers will nkgact and
transmit an electrical signal [1], [4]. This is tkechnology used
by the Musical Jacket’s keyboard [1].

The touch of a finger can also be detected viaeantbcouple
material [4] which transforms a thermal signal irto electrical
one. It can be detected by capacitive materialBich reacts to
the finger's electrical properties. This is thehealogy behind
most multitouch screens, including the iPhone.

Another button equivalence can be obtained usiegggilectric

materials. Piezoelectricity is electricity that generated from
pressure. This effect is present in some matelilkdscrystals or

ceramics [17]. Piezoelectrics react to a broad eanfgtype and

magnitude of physical stimuli like pressure or imns Pressing a
piezoelectric material will generate an electriarent, whose

intensity depends on the exerted pressure, arahibe used as an
input device. Piezoelectrics can also be used terg¢e power, if

embedded in the sole of a shoe for instance [bi eliminating

the need to manually recharge the batteries, waighoys most

users [3].

Textile interfaces can implement other controlsnthauttons
through special properties of fabrics. For examgtape memory
materials use heat or electricity to revert to edetermined shape
[4], while chromic materials can change color isp@nse from a
special stimulus like temperature, light, pressetectricity [4]...
For instance, a part of a shirt could change ctdorequire the
user’s attention in a more discrete way than bggisi vibrator or
a sound.

3.3.5 Evolution

The first projects working on textile interfacexdd the same
problem: how to deal with bulky electronic compotsen
Electronic systems need a printed circuit boardBP@ith some
components, circuit traces and component conneptants.

Traditionally, PCBs are made on a hard substrai these
proved [9] to be inconvenient as clothes usuallyune being
flexible. Flexible substrates have been tested lj8}, were also
dissatisfactory. They can bend along predetermjo@us, but
clothes can be crumpled, and these PCBs could beagkd.
Nowadays, fabric PCBs are used. A fabric PCB isltth printed

circuit board made out of a combination of traditb and

electrically conductive fabrics” [2]. They possesds and by
sewing through them one can connect components. mkthod

was used also in Lilypad Arduino toolkits and ehiatied the need
of soldering that could damage the threads.

Earlier fabric PCBs were square and tried to besmsll as
possible. However, studies showed [2] that thespiirements
were not essential for fabric PCBs, which led teate round
fabric PCBs, with better aesthetics and sew-ab[Rfy Besides
this, it may also be possible to replace componlsapacitors
or resistors by using combinations of conductiveedd with
different electrical properties [9].

3.3.6 System Architecture

When creating a textile interface system, befoiakthg about
conductive threads and components, one has to eHoetsveen
suitable architecture: either point-to-point arebitire, which is
the most popular choice (the Lilypad uses suchrahitacture),
or a broadcast-based architecture. We will pregbet key
characteristics of both methods and explain howstem with a
broadcast-based architecture might be easier td.bui

On the one hand, in a point-to-point architectenesry module
has to be directly connected to the microcontrdifea dedicated
line [10]. This has a direct impact on the cosewobr correction.
For instance, changing a component’s position meguire

redoing the stitching or connecting it to anothén pn the
microcontroller and updating the code [10]. In anptex system
with several components, each element needs t@eected to
the microcontroller with several wires, and it mag difficult to

avoid crossing connection lines [10] and to follawparticular
thread when debugging.

On the other hand, a broadcast-based architectims at
simplifying the electrical design and shrinking thember of
connection lines. On such systems, all the deatesconnected
to a common communication channel and messagesdtdram
the microcontroller are broadcasted [10]. This waply one
communication bus and a power supply line are reddewever,
using a broadcast-based system adds some compl&aish
component must have a unique identifier, and messag
exchanged will have an overhead with informatioroubthe
sender and the recipient [10]. This overhead wikedh
mechanisms to prevent message collisions, when raeve
components try to transmit at the same time [10].

All in all, developing textile interfaces may bes&a with a
broadcast-based architecture, as it removes mosheofwiring
issues, in exchange for a little added complexity.

4. INTERACTION

Textiles reveal new ways of interaction and maypsup future
innovative applications in the area of ubiquitoesnputing. The
fabric can be used “as a communication mediumnéormation
content platform or an interface”[5]. Smart garnsemay change
their shape or color, may take advantage of LEDs vieual
feedback. The diverse variations and technologiesover
numerous interaction opportunities. However, theeraponal
environment also influences the interaction methoaisd
challenges the natural mappings, the reachabitity social
acceptability or the look and feel of a textileeriace. In the



following subsections we provide a deeper insightame of the
above mentioned points.

4.1 Type

When using e-textiles, there are several ways terast with
them: some of them are used as input for datamn@nds, while
others simply provide visual, tactile or hapticdback.

4.1.1 Dimensionality of input

In general, the unquestioned advantage of wearateuting is
that it can provide multidimensional input besidee ttwo-
dimensional one of buttons and thus offering soroeencomplex
interaction techniques.

Students in the Lilypad Arduino project employedtbbinary

and multidimensional input. One of them, for exammreated a
sweatshirt which LED color changed in responserto gestures
[2]. Some students applied a binary type of inpugirl decorated
a handbag [2] with touch sensitive patches thatewesed to
switch a LED on or off. Another child built a bilyaswitch to turn

on and off the siren of his New York Police Deparnhat [2].

Another interesting example of interaction is theirRa Smart
Shout [5] that introduced an innovative method fmoup
communication in active situations like snowboagdior rock
climbing. In these situations, exchanging informatis hard and
often reduces to shouting. Traditional use of n@phones is also
not feasible. The device, which the researcher gmeveloped,
consists of a two-inch wide textile band which isrvover one
shoulder by crossing the chest {fijh a pocket for a cell phone.
Its interaction principle is simple: by pulling os&ap the user’s
mobile phone number is sent out to other deviceshyeover a
short-distance radio signal, and the numbers of ghgies in
communication range are received. Pulling a sectrap allows
sending a message to the group. This interactionhade
completely changes the conventional usage of almphbne in a
group communication.

Schwarz et al. [6]investigate another alternative method for
controlling a mobile phone. They consider usingoadcas an
input method by claiming it is more accessible axgressive

than button% The cord in comparison to the binary buttons has

several advantages. In the first place, it offargér surface where
the interaction may take place. Second, a corddcpotentially
provide continuous input [6] in four dimensioas by twisting,
bending, touching and pulling (see Figure 5). Altltese actions
are easy and simple. In addition, a cord suppotésaction which
does not require the user to look at the contrdliarunobtrusive.
Possible combinations like twist and pull can suppgughly
accurate navigation and selection [6] in menus.

In their user study Schwarz et al. [6] focused iodifg the most
appropriate combination of the three gestureull, twist and

touch — for targeting (navigation to a target aeléction of it [6])

in respect to the speed and accuracy. These thteeadtion

methods were tested also separately. Twisting hadaistest time
to navigate to the target and the lowest error. fEtés result holds
also in the case of increasing the number of tardetlling had
significantly slower navigation times for more théour targets
but still lower overshoot rate. Not surprisinglietlack of tactile
feedback when touching the cord lead to slow peréorce even
with three targets and far higher error-rate.
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Figure 5. Cord Input Prototype [6]

Concerning the combination of the three gesturestiicome for
“pull and twist” had the lowest success rate. Tas basically
due to the physical challenge of maintaining thesien in a cord
while twisting [6]. The other two combinations hladth success
rates over 93 percent, where “twist and pull” ighly better than
“touch and pull”.

Based on these results, Schwarz et al. give tHewfirlg design

recommendations [6]: twisting a cord is the mosprapriate

interaction with a cord for continuous input, whide selecting or
toggling pull should be used. Future implementatifor mobile

devices that aim providing controls so that theegidevice is not
pull out of a pocket or bag can definitely take atage of these
results as a cord can be easily integrated onldtking or even

wearable accessories as backpacks.

4.1.2 Output

Concerning the output, a noteworthy outcome isekgeriment
results with the Spookies concept considering lfgetiback. For
some of the toy units’ thermochromic material, \zated by a
conductive high resistance layer on the back, vegdied for the
certain areas: eyes, different surface parts orotifeff button.
This fabric employed color change as a feedback. &tperiment
shows that this is a too slow indication in comgani to the
immediate feedback from diodes. However, diodesl rgeecial
integration into the garment whereas the thermaulrdabric
embeds the feedback into the material itself [4]which type of
light feedback is used depends highly on the siodgifof the
given e-textile application.

During the investigation of the opportunity of asstractivity bag
[8] Park et al. collected several interesting obasgons on what
kind of passive interaction may be appreciated bgrai Most
users like the idea of using an integrated ligh&s asminder or for
signaling. But they have concerns when a bag théncloset or
outside where it can be too bright so the lighiagation might not
be recognized. Thus the integration of LED outdcgiteuld be
carefully examined. In addition, using vibrationddnot get a
strong reception [8]. In the case of the smart Wi kind of
reminder is considered to be too late as it willdotivated only
when the bag is lifted up in the last minute befi@@ving. The
most appreciated reminder method was a display wetkt
notification instead of iconic that is assumed ase #&bstract
indication for highly specific items.

Vibration feedback was studied also by Spelmezat. §18] who
conducted an interesting user study on using \élotdé motion
instructions for snowboarding as part of the cloghiVibrators
were embedded in several places, and they wouldateibto
indicate the wearer what part of his body was neit positioned.
For example, if his right shoulder was too far fard; the vibrator
in the shoulder would be activated to indicate tieed of



changing the position. Spelmezan et al. [18] foond that the
location of the vibration motors can influence ihirpretation of
tactile cues [18] as the vibration over bones iseriangible than
those over muscles. Second, the participants inigbe study also
had difficulties in determining the intended difent of the

correction movement from the given tactile feedbd®rceiving

the locations of the vibration was easy but sugggsthether to
move towards or away from this position was nofiadiamong

the testers. So the decision was made based orectiubj
preferences.

The results of the listed two user studies abdutagion feedback
may be seen as a warning that it should be usedutlgrand that
the perception of its meaning should be investijabefore
applying it into certain interaction pattern.

4.2 Mapping

As we have seen above with vibration as a feedlzheinnel,
mapping gestures and commands is not as straigltfdras it
would seem. The possible interaction gestures @pgarment or
other wearable accessories differ quite a bit ftben universal
gestures when controlling given computational dewttat often
have buttons or sliders. For example, the embredierusic balls
[9] make use of physical hand gestures such aseginge and
stretching to perform and manipulate music.

The phone bag [3] of Holleis et al. also did notkeaise of a
conventional mapping for the controls manipulatiagmobile

music player [3]. It uses touch sensitive areasdbanot suppose
button functionality as play/stop, forward/backwawd volume

up/volume down. Besides, these conductive surfacesar more
integrated in the design of the bag.

Holleis et al. helmet used a separation of therot;bn the left
and right side and hence separating the two funstichanging
the track and manipulating the volume. The two toaeas were
easy to find, clearly separated the functions dnd tprevented
unconscious mistakes.

Another research group [7] investigated which gestican map
certain control tasks for an audio device on wdaralbjects.
Based on the number of identical appearances ofem gesture
among the participants in the user study they eceat list of
representative gestures. For the “Play/Stop” ofmratsers
considered a single tap or touch on a prominerit @faobjects
such as the center of the watch, the pendent efcklace or the
button on a hat [7]. Furthermore, gestures relatedleft

movement or left side were associated to “Fastdoivand right
movement or right side for “Fast backward”. In aldfi, different

participants used diverse directional patternd¢7}'Volume up”

and “Volume down”. Some of the gestures relatedettical, left-

right, forward-backward or rotational movements. [This is a
clear indication that further surveys should besidered in order
to determine uniform mapping for these controlislalso worth
mentioning that the symmetric placement for ‘Presiditle/Next

title’ and ‘Volume up/Volume down’ caused confusiamong the
testers [7].

The user study of Kim et al. [ppsed some additional issues that
remain open, namely the need of special criterimméasure the
representativeness of gestures, the need of refimerof a
gestures set, the convenience of a gesture, agsviie suitability
of certain clothing or object for a given interacti

4.3 Challenges

As stated before, the field of wearable ubiquitcosnputing is
still new and unexplored and there are severallatgds that
have to be addressed in respect of interactiorthénfollowing
subsections we briefly introduce them.

4.3.1 Social acceptability

A major issue that should be considered is howwhalt people
would want or accept [3s type or way of interaction. Sometimes
there is a need for a compromise between fashiod an
functionality. As the garment is part of the appeae of a
person, the design of the controls on the fabrioukh be
acceptable in the public as well as it should reotdo outstanding

in a way that the user will dislike. Certain areasparts of the
clothing are more preferred in respect to the $ageaeptability.
Holleis et al. [3]found in their user studies that the upper (thigh)
part of a trouser, the wrist band and a separate dva well
appreciated by users. They basically rejected nepger body,
hips and sleeve as being comfortable or accepfadséions for
the placement of controls. However, some usersesigd the belt
for integration of controls.

Concerning the layout and arrangement of the ctitiere are
no clear expectations [3]. There is no definitivsidn that the
majority of users will prefer. Holleis et al. fourmdit that testers
get easily used to a specific arrangement afterriio trial-and-
error period [3].

4.3.2 Reachability

A position of a control does not have to be onlyiaity accepted,
but also easily reachable. The factors of main iapee for

textile interfaces are the exact location and ttay to identify

certain controls among others Most of them shouddtdctile

recognizable by the user as he or she very oftenatgs without
looking at the controls or during other activitigsch as sports,
work, household activities, etc. If offered threffedent shapes of
music player buttons (see Figure 6): visible, itidguishable

ornamental and invisible [3], users prefer the sible ones
because of their look. But during operation visibhel ornamental
ones have higher success rate. Therefore it issalbla that
controls are both visible and tangible.

armnarmantal
invisible buttons

visible buttons

Figure 6. Different styles of input buttonsused in [3]

The quick and simple finding of controls is infleed also by the
body posture [3]. So the location should conforne thody

position when the interface is going to be usegl, while sitting,

standing or moving. A possible solution that ovemes the

different postures problem is to use detachabléreisn[3]. So it

would make the location adjustable to the curreybposition.

However, it has also the advantage that the canti@ reusable
while the original garment can be exchanged whemwat.



4.3.3 Look and feel

In the Spookies interface, for instance, all meaterbuttons and
vibrating motors are hidden in the textile and odigdes are
visible to the user. The toys are made of a knifadwlic and their
color, pattern and relief are used to provide isuad tactile
feedback about the different pairs or units [4].

The snowmobile suit for arctic conditions is expubde other

limitations that constraint the interface: i.e. theer should be
able to operate with gloves because of the hosiletic

environment [5]. Moreover, the interface should useful for

both left- and right-handed people [5]. Additionalhs the suit is
already heavy enough, the weight of the new interfa restricted
in order to not cause inconvenience to the one ingdhe suit.

So the wearability and comfort should be preserved.

4.3.4 Wearable-object-based Interaction

A challenge for today’'s mobile devices is their womously

shrinking size. This limits the interaction surfacend requires
moving the controls to clothing or other wearahbgeots. Kim et

al. [7] explored thirteen objects for controllingnaobile audio

device. They focused on three operations: play/sttgst

forward/backward and volume up/down. It turned that the

watch and the earphone are the most preferred tskieaise for
these operations. A necklace, bracelet or belt de&mbnd lower
preference. As most inappropriate interaction seda users
specified the following objects: shoes, pants, gtountermediary
preference was expressed concerning the ring,dfedses, bag
and shirt. It is important to mention that manyradead concerns
about unintended activating of the controls dueaubconscious
gestures [7] as they are used to wearing thesetslgs part of the
clothing not as a possible control to given devidevertheless,
they appreciated the wearable-object-based gesitedace [7]

as convenient as they do not need to take outékieal and can
continue their main activity. In certain cases, ititeraction does
not require visual attention and this can be seeradditional

advantage. In concern to the social acceptabilisgrs share the
opinion that bystanders are unlikely to be awaijeHat they are
actually controlling a music player.

4.4 Guidelines

We have seen before, there are several challemgesamstraints
to address when designing textile interfaces aniceguidelines
exist to deal with them. These rules also applgtteer types of
interfaces. One of the most important is the reméant for one
handed interaction. On one side, as the contrasptaced on
wearable garment, e.g. a wrist band or sleeve,ahismatically
makes impossible the operation by both hands. Sowmstit is
quite hard to use both hands during certain am#viike driving,
jogging, working or cooking.

Another issue to be addressed is the need of inatetiedback.
It is vital as users are used to the ‘button-likekt feedback [3].
A missing quick response to their touch action vidhd to
repetition of their action, to use more force orptmlong their
action. Tied to this immediate feedback issue ie fhar of
accidental activation [3]. Actions have to be regisd quickly
and a feedback must be provided as soon as pgsbiltidalse
reading and accidental activation have to be thbafjhf a sensor
is too sensitive, actions can be initiated whileytishould not. A
prolonged touch of the control may be used in otdeprevent
accidental activation, but the timing has to bétrigot to upset

the user. Another solution is to use an activaéicern [3]. When a
touch is detected on a control, another sensorcback if the
palm touches an area just above the controls. d$teoption is to
use controls with a fast response time and a kely fienction to
prevent unintended use.

Future implementations using gesture-based adiivatf controls
should take into consideration the unconsciousatitin. Users
wear their clothing or accessories as part of tfashion ouffit.
Using garment or wearable objects as a controltils rot a
natural matter and methods to avoid the accidextté@ations of
these controls have to be studied deeper.

5. CONCLUSION

In this paper, we introduced our readers to the resgarch field
known as textile interfaces. We showed how thesdilde
interfaces could be beneficial to the educationafldv Several
studies [2], [10] have been conducted and point batv
workshops on textile interfaces helped for incregsstudent
engagement in new domains like computing and @leits, how
they helped the diversity, by attracting femaledstis to
engineering fields, how they could reconnect ant$ @ngineering
by sewing and using electrical components and wigs part of
the aesthetic design.

This paper also revealed the main technologicatctspof textile

interfaces, by presenting the old and new challetigat had to be
overcome, along with the advantages of these sgstemmpared
to other wearable computing systems. The hardwectos was
not meant to be a full account of what is availablat of what is
possible, and showed innovative components likeidabCB or

piezoelectric materials.

Finally, the section on interaction presented teeetbpment of
the kind of interactions that are possible, alonghwthe
challenges raised by these new textile interfacesfmally gave
directions about how to develop the right kind mieraction for
textile interfaces.

6. FUTURE WORK
Textile interfaces are still a brand new reseaoglict There is still
a great deal of investigation and work to be done.

From the different studies [2], [10], [11] we bagbd report on,
although some attempts have been made, like tloklBayer [11],
it is obvious that there is a need for “developimger-friendly
programming languages and environments for workirity e-
textiles” [2]. It is crucial to develop more appobable
programming tools in order to lower the entry thiadd and allow
more non computer scientists to explore the fiefdtextile
interfaces.

Also, the different construction toolkits availaldé the moment
lack interoperability [10]. For example, the Lilypauses
conductive threads to link its components, while Eiektex uses
plastic socket and pin connectors, and the Teebosed metal
snap fasteners [10]. This richness of connectipigvents users
from interchanging components from these toolkits.

As we have seen, fabric PCBs are a great improveoen their
classic counterpart. Now, the focus could be mot@dther
components like resistors and finding ways to meplthem by a
fabric equivalent [9].



On the interaction part, more user studies haveetoonducted in
regard to social acceptability and ease of use.
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