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Abstract

In today's homes, the number of controllable devices is rising rapidly. Almost all
types of devices are becoming smart and controllable. Modern controls, like voice
assistants, universal remotes, and smartphones are not optimized for controlling
single targets in a room, making the interaction cumbersome. Therefore we pro-
pose to use a stationary and haptically explorable controller that offers the user
to select individual devices in a room. Spatial mappings should be used to make
the mapping of the controller—the relation between input and device—intuitive to
understand.

In this thesis, we present the design, construction, and evaluation of ve controllers
for target selection in real-world environments. These use spatial mapping tech-
niques of different abstraction levels. Three controllers, Pillar Map, Zelda Map and
Cluster Mapfollow an absolute approach, mapping the devices in the room to a map
with buttons. The other two, Direction Swiping Controllerand Sun Controlleruse a
relative approach and map devices to user input based on the position of the target
relative to the user. In a user study, we evaluated and compared the ve controllers
on their targeting time and accuracy. Participants selected targets in an exemplary
living room using each of the controllers. The exemplary living room was designed
to cover edge cases and common target patterns. The study was conducted across
different positions in the room and the controllers were tested inside and outside
the users' eld of view. Additionally, we explored the effect the targets' positions
had on the performance.

For interaction with vision, the results showed that controllers with lower abstrac-
tion levels, like the Pillar Map and Cluster Mapperform better. For eyes-free inter-
action, the mapping should either have tactile elements that are easy to recognize,
like the Pillar Map, or should work without visual and tactile cues, like the Direction
Swiping Controllet
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Uberblick

In heutigen Haushalten steigt die Zahl der steuerbaren Ger ate rapide an. Fast
alle Arten von Ger aten werden intelligent und steuerbar. Moderne Steuerungen
wie Sprachassistenten, Universalfernbedienungen und Smartphones sind nicht f tir
die Steuerung einzelner Ziele in einem Raum optimiert und machen die Interak-
tion umstandlich. Daher schlagen wir vor station are und haptisch erkundbare
Controller zu verwenden, mit denen Nutzer einzelne Ger ate im Raum auswahlen
kdnnen. Raumliche Mapping-Techniken sollten verwendet werden um das Map-
ping des Controllers—also die Beziehung zwischen Eingabe und Ger at—intuitiv
verstandlich zu machen.

In dieser Arbeit stellen wir den Entwurf, die Konstruktion und die Evaluation von
funf Controllern f Ur die Zielwahl in realen Umgebungen vor. Diese verwenden
raumliche Mapping-Techniken auf verschiedenen Abstraktionsstufen. Drei Con-
troller, Pillar Map, Zelda Mapund Cluster Map verfolgen einen absoluten Ansatz,
indem sie die Gerate im Raum auf eine Karte mit Kn dpfen abbilden. Die anderen
beiden, Direction Swiping Controllerund Sun Controller verwenden einen relativen
Ansatz und ordnen die Ger ate den Benutzereingaben basierend auf der relativen
Position zum Nutzer zu. In einer Nutzerstudie haben wir die f  nf Controller hin-
sichtlich ihrer Zielerfassungszeit und -genauigkeit bewertet und verglichen. Die
Teilnehmer nutzten jeden der Controller um Ziele in einem Beispiel-Wohnzimmer
auszuwahlen. Das Beispiel-Wohnzimmer wurde so gestaltet, dass es Randflle
und hau ge Zielmuster abdeckt. Die Studie wurde an verschiedenen Paositionen
im Raum durchgef tihrt, und die Controller wurden innerhalb und auf3erhalb des
Sichtfelds der Nutzer getestet. Zusatzlich wurde untersucht, wie sich die Position
der Ziele auf die Leistung auswirkt.

Innerhalb des Sichtfelds zeigten die Ergebnisse, dass Controller mit niedrigerem
Abstraktionsniveau, wie die Pillar Map und Cluster Map besser abschneiden.
AuR3erhalb des Sichtfelds sollte der Controller entweder taktile Elemente haben,
die leicht zu erkennen sind, wie die Pillar Map, oder er sollte ohne visuelle und
taktile Hinweise funktionieren, wie der Direction Swiping Controller
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Conventions

Throughout this thesis we use the following conventions.
Text conventions

The whole thesis is written in Canadian English.

The rst person is written in plural form.

The singular theyis used to refer to unidenti ed third per-
sons.






Chapter 1

Introduction

Modern living rooms are increasingly equipped with smart Modern living rooms
electronic devices. Device types vary heavily, from media are increasingly
devices such as TVs and stereos to lamps and air condition- equipped with

ers to robotic vacuum cleaners. All of these devices require interactive devices.

a way of control. In nowadays smart home setups this is of-
ten done via the user's smartphone, universal remotes, or
voice control by smartphone or smart speakers.

Smartphones and universal remotes are not always with Smart Home controls
the user, leading to situations where the user is unable to lack intuitive
control their home. While voice controls are always avail- selection methods.

able, they lack visibility of the available functions, requir-
ing the user to remember all commands. This problem in-
creases even more when targeting individual devices, as
different device categories require different commands and
each device a unique name. That name should also be
easy to remember and t natural speech. These commands
are usually only known to the administrator of the system,
which makes it hard for guests to perform tasks like ad-
justing the lighting. Furthermore, it is not always socially
desirable to use voice assistants, for example, while watch-
ing a movie or during a conversation. This makes selecting
and controlling single devices, in particular, cumbersome
using current methods.

Concluding, a stationary controller that allows individual
devices in a room to be selected and controlled would be



1 Introduction

Prime locations for a
controller are at a
couch, an armchair,
or a table.

Natural mappings
help users
understand
controllers intuitively.

Mapping three
dimensions onto a
controller can be
problematic.

We evaluated ve
controllers on
performance for
target selection in a
real-world scenario.

desirable. As the exact position of the controller is not clear,
it should be possible to use the controller without having
vision on it, to allow placements outside the eld of view.
Prime locations for such a controller would be places where
the user frequently spends time. In a living room, these
could be a couch, an armchair, or a table.

To guide users in understanding a controller intuitively,
natural mappings should be considered. Mappings in
general are relations between controls and the devices
they control. Norman described that designers should
use mappings that "[take] advantage of spatial analo-
gies” which "leads to immediate understanding” (Norman
[2013], p. 22). This reduces memory load of users and
makes the system accessible to users who are unfamiliar
with the setup or new to the environment.

In a living room, devices are distributed in a three-
dimensional space. Controls that use spatial mapping tech-
nigues must either be three-dimensional themselves or re-
duce the dimensions. Reducing dimensions can be prob-
lematic, especially when multiple devices share position in
one or more dimensions, such as when they are on top of
each other. A controller for selecting devices in a room must
be able to handle such scenarios.

In this thesis, we present target selection techniques for
real-world scenarios. For this purpose, we constructed ve
different controllers. These make use of natural mappings
in varying abstraction levels to allow the user to quickly
and easily understand the controller. In a user study, we
compared the following ve controllers: an abstraction of

a room made of pillars ( Pillar Map), a 2D map of the room,
surrounding overlaying targets with a box ( Cluster Map), a
2D map of the room divided into three height levels ( Zelda
Map), a direction-based controller with buttons ( Sun Con-
troller), and a direction-based controller using swipe ges-
tures (Direction Swiping Controlle}. As the prime locations
for these controllers are typically covered with textile sur-
faces, textile inputs should be considered when designing
the controllers. Like this, the controllers should blend in
with their surroundings. To investigate the intuitiveness of
the controllers, we constructed an exemplary living room



environment with targets to select. Study participants se-
lected different targets in the exemplary living room by
using each of the controllers. The controllers were evalu-
ated on their performance, meaning the time participants
needed to select the correct target and how accurately the
targets were selected. During the study, the effect of differ-
ent positions in a room and having vision on the controller
or not were also investigated.






Chapter 2

Related work

2.1 Interactive Fabric and E-Textiles

As prime locations for a stationary controller are often
made out of textiles, the possibilities and limitations of tex-
tile controls should be kept in mind when designing a con-
troller. Therefore, this section will provide an overview of
how to construct textile interfaces, how they should be de-
signed, and which types of controls can be created with tex-
tiles.

Early studies on interactive fabrics reach back to 1997. Post
and Orth [1997] proposed to use conductive textiles to build
exible, wearable, and washable computers. Since then,
a multitude of fabrication techniques, guidelines and use
cases were identi ed and introduced.

2.1.1 Fabrication Techniques

Interactive fabrics can be manufactured in multiple ways. Fabrication
From attaching interactive elements on fabric by for ex- techniques for
ample embroidering over making whole patches of fabric e-textiles can be
conductive to creating new fabrics out of conductive yarns. categorized into
These fabrication techniques can be categorized into addi- additive and
tive and constructive fabrication techniques. constructive

techniques.



2 Related work

Parzer et al. and Roh
proposed conductive
yarn that can be
used to create
resistive touch
Sensors.

Figure 2.1: Cut-through of the yarn proposed by Parzer
et al. [2018]. The conductive metal core is surrounded by
a resistive coating, changing its resistance when pressure is
applied.

Additive Fabrication

Additive fabrication techniques are those that enhance ex-
isting non-interactive fabrics into interactive ones. This can
be done for example by embroidering the fabric with spe-

cial yarn, or by directly attaching interactive elements to the

fabric.

A common technique is to use conductive yarn that can be
used to recognize user inputs. Parzer et al. [2018] proposed
a method to create conductive yarn by coating a metal core
with resistive material. Like this, a single conductive thread
is created. When pressure is applied to two overlapping
yarns, the resistive coating gets compressed. This increases
the density of conductive particles as seen in Figure 2.1
which lowers the resistance of the coating. This change of
resistance can be measured and interpreted as a touch in-
put. This way, textile resistive touch sensors can be created,
that can be used to measure positional pressure data.



2.1 Interactive Fabric and E-Textiles

Figure 2.2: Image of the yarn proposed by Roh [2014]. Con-
ductive copper threads are combined with non-conductive
polyester threads to create a conductive yarn that can be
used to recognize touch inputs.

The same functionality provides the yarn proposed by Roh
[2014]. Instead of creating one thread, their approach
was to combine and twist conductive and non-conductive
threads. In their case, copper is used as conductive and
polyester as non-conductive threads which is depicted in
Figure 2.2. It can be used in a similar way to build a resis-
tive touch sensor.

Apart from embroidery, there are also other possibilities to
enhance existing fabrics. Additive fabrication techniques
are especially interesting for rapid prototyping, as no new
fabric needs to be produced.

Exemplary for this eld of research, Klamka et al. [2020]
proposed a technique for creating textile prototypes by
ironing interactive and conductive elements on fabric. Like
this, capacitive touch sensors, sliders, and bend and pres-
sure sensors can be built. Moreover, output elements can
be ironed on the fabric. There are multiple ways to create
displays, either using electroluminescending wires, LEDs

Klamka et al.
proposed a rapid
prototyping
technique by ironing
interactive elements
on fabric.



2 Related work

The technique by
Honnet et al. allows
to make whole
patches of fabric
conductive by
polymerization.

KnitUl is a technique
to create interactive
fabric of various
colours and forms by
machine knitting.

or E-Ink displays. In combination, complex interactive sys-
tems can be created quickly on fabric, while keeping the
exibility and feel of the fabric.

Lastly, Honnet et al. [2020] proposed to enhance fabric by
polymerization. In the process, the fabric is put into a bowl
with pyrrole and iron chloride, which leads to conductive
polymer chains forming in and around the fabric. This pro-
cess makes the fabric conductive while keeping its haptic
and mechanical properties. It can be applied to strings,
patches of fabric or even complete clothes. Stretching and
touching the fabric will result in changes in the fabric's re-
sistance. Measuring this allows the implementation of sen-
sors for touch and deformation.

Constructive Fabrication

As an alternative to enhancing existing fabrics, new inter-
active fabrics can be produced. These methods are called
constructive fabrication methods. Usually, these techniques
involve knitting or weaving a new fabric out of conductive
yarns.

KnitUl is a technigue by Luo et al. [2021], that is used to
fabricate interactive fabrics by machine knitting. The tech-
nique allows creating textile user interfaces with resistive
touch sensing, in which shapes and colours of control el-
ements can be adjusted to the users' needs. Additionally,
the shape and colour of the fabric and input elements can
be changed. Their technique works for ordinary knitting
machines and therefore allows to quickly create interactive
fabrics. Only minimal manual post-processing is needed,
making the technique easy to use. The resulting fabric is
made of conductive and non-conductive threads, enabling
to create wearable and stationary textile user interfaces like
depicted in Figure 2.3.

Poupyrev et al. [2016] presented a technique to create e-
textile using weaving. With conductive yarns, fabrics with
capacitive touch sensors can be fabricated. These can be
integrated seamlessly or combined with patterns, textures,



2.1 Interactive Fabric and E-Textiles

Figure 2.3: A knitted controller created with the techniques
proposed by Luo et al. [2021] that is used to play snake on
a connected computer.

colours, and materials to make them visible and graspable
to the user. Like this, complete textile user interfaces can be
created on a large scale.

2.1.2 Textile Inputs

As already mentioned, there are multiple techniques to cre-
ate touch controls with fabrics. The techniques proposed by
for example Luo et al. [2021] and Honnet et al. [2020] allow
for the creation of resistive touch sensors. The technique by
Poupyrev et al. [2016] allows to create capacitive touch sen-
sors. This can even be further enhanced, as Wu et al. [2020]
demonstrated a textile capacitive touch sensor, that works
from both sides of the fabric and can even distinguish be-
tween inputs on the two sides.

The tactile properties of fabric enable us to also implement
less common input techniques. As fabric is exible and
stretchable, novel input techniques can be created. The fab-

Textiles can be
created with
capacitive and
resistive touch
sensors.

Stretch and pinch
sensors can be
integrated in
e-textiles.
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2 Related work

Tessutivo allows to
recognize objects by
conductive sensing.

Dynamic textile can
be created with
techniques by Kwon
et al. and Devendorf
etal.

Pneumatic actuators
can make textile
contract and expand.

Using tendons,
textile objects can
change shape by
pulling on a string.

rics by Honnet et al. [2020] also allow to measure stretching
of the fabric which can be used to create stretch sensors.
Hamdan et al. [2016] make use of the exibility of fabrics to
create a pinch sensor.

Gong et al. [2019] proposed Tessutivo, a technique for in-
ductive sensing on interactive fabrics. The technique of-
fers the possibility to sense and recognize conductive ob-
jects that are placed on the fabric. Non-conductive objects
can be made recognizable by attaching constructive strips
to the bottom of the object. These can be sensed by Tessu-
tivo to recognize the object then.

2.1.3 Textile Outputs

E-textiles can also be used as outputs to communicate with
the user. Kwon et al. [2018] demonstrated how thin, weav-
able bre OLEDs can be fabricated. These can light up ef-
ciently with high luminance and can be integrated into
e-textiles. Devendorf et al. [2016] presented an e-textile
that is made out of conductive threads that are coated with
thermochromatic paint. These can change their colour in
a matter of seconds without emitting any light. With tech-
nigues like these, dynamic textile displays can be created,
that could be used for future textile controllers.

Zhu et al. [2020] combined exible textiles with pneumatic
actuators. These actuators can make the fabric contract
or expand. They used these movements to make a textile
sleeve vibrate by repeatedly contracting and expanding it.
This vibration was used to communicate with the user.

Albaugh et al. [2019] demonstrated a special knitting tech-
nique, that allows the creation of shape-changing textiles.
A tendon is integrated into the fabric. By pulling on the
tendon, the fabric deforms, creating actuated textile objects
like in Figure 2.4.
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