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Airwriting: Mobile text-entry by 3d-space handwriting

Christoph Amma, Marcus Georgi, Tanja Schultz
Karlsruhe Institute of Technology (KIT)
Cognitive Systems Lab
fchristoph.amma, tanja.schultzg@kit.edu, marcus.georgi@Kkit.edu

Abstract

We demonstrate a wearable text-entry system. Users can
write text in the air, as if they were writing on an imaginary
blackboard. Motion is sensed by inertial sensors attached to
the back of the hand. Written text is spotted and recognized
by a two-stage approach using SVMs and HMMs. The sys-
tem works in a person-independent manner and is capable
of recognizing text written in block capital letters at natural
writing speeds without any pauses.

1. Demonstration System

This paper describes the demonstration of our airwriting
input system introduced in the accompanying paper [2]. Ac-
celerometers and Gyroscopes on the back of the hand mea-
sure hand motion and the written text is recognized based
on the acquired sensor signals. Other approaches to 3d-
space handwriting recognition have been proposed but are
restricted to single characters or short single words, since
they rely on the estimation of the actual trajectory and there-
fore suffer from sensor errors accumulating over time [1, 3].

Figure 1 shows our data glove with the inertial measure-
ment unit attached to the back of the hand. The sensor
data is sent wirelessly to a laptop where all processing takes
place. We use a two-stage approach for spotting and recog-
nizing handwriting. In the rst stage, a SVM-based classi-

er detects signal segments that are likely to contain hand-
writing. Only those segments are passed on to the second
stage, in which the actual text is recognized. In the second
stage HMMs are used to model characters and words and
a statistical 3-gram language model is used to model the
probabilities of certain word sequences. This allows for the
recognition of whole sentences. The vocabulary of the rec-
ognizer contains more than 8000 words. A user can write
arbitrary sentences formed out of the words contained in
the vocabulary. We reach an average person-independent
word error rate of 11% in a nine user experiment. Users
can write in one continuous motion, they do not need to

Figure 1. System usage illustration showing
the wireless data glove with all components.

make any arti cial pauses to explicitely mark character or
word boundaries. All handwriting must be in block capi-
tal letters and should be done in place, i.e. no motion from
left to right is necessary. The size of the characters writ-
ten should be approximately 20 cm in height, but the sys-
tem usually still gives good results if the height is between
5cm to 40 cm. Writing speed can vary as well, in our exper-
iment with 9 unexperienced users we observed an average
rate of 72 characters per minute, whereas an experienced
user reached 110 CPM. The decoder continuously outputs
the hypothesis with the most probable sentence given the
signals received so far. If the user stops to write for a cer-
tain amount of time (approx. 2s), the spotting stage detects
the end of the handwriting motion which leads to the output
of the nal hypothesis. The system works in an always-on
manner, if the user starts writing again, the decoding starts
from the beginning.
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Icebreaker T-shirt: a Wearable Device for Easing Face-to-Face Interaction

Nanda Khaorapapong
Queen Mary University of London, UK
n.khaorapapong@eecs.gmul.ac.uk

Abstract

This paper discusses the development of Icebreaker
T-shirt with results from an experiment with shy users.

1. Introduction

Initiating a conversation is a common challenge for
shy people; here, we introduce the Icebreaker T-shirt,
designed to be worn in real-world social events, and
aimed at increasing comfort feeling and familiarity
between strangers by leveraging online social network
information e.g. Facebook on clothing. Using advances
of computer-mediated communication (CMC) with
design principles of slow technology that values
reflective experience of the user, we examine to what
extent advanced technologies can improve social skills
and may lead to more meaningful relationships in the
real world.

2. Background

Various forms of online CMC have been reported to
increase social relationships due to the fact that they
allow users to focus on information content rather be
overly concerned with social customs and non-verbal
clues from interaction partners. However, these allow
identity distortion, unrealistic expectations, and
withdrawal from real-world activities; thus making
face-to-face communication harder for socially anxious
and low interpersonal skilled users. Our approach has
similarities to social proximity applications (SPAS) in
smartphones — allowing users with similar interests to
share online information. However, most SPAs are
deployed in unsophisticated objects causing low
aesthetic value in “wear-ability” that can limit the
usefulness in sensitive social situations. Also, none so
far has been designed to support shy users.

3. Design

Developed on a hypothesis that familiarity may

Matthew Purver
Queen Mary University of London, UK
m.purver@gmul.ac.uk

enhance comfort and relaxations when meeting
strangers, thus helping the wearer select new
acquaintances while maintaining the naturalness of the
social interaction and comforting property of clothing.
Embedded with a set of Radio Frequency Identification
(RFID) reader and tag on the cuff of its long-sleeve,
the shirt allows two wearers to exchange identities
when shaking hands. Next to the RFID system, there is
a microcontroller designed to retrieve their public
profile and preference from their Facebook pages via a
smartphone (this feature was left out, and information
of test subjects was pre-stored in the microcontroller
used in the first proof-of-concept prototypes). The
microcontroller matches users’ profiles and preferences
resulting in a level of their social compatibility
displayed using conductive thread and heated-sensitive
paints. The more interests they have in common, the
higher their compatibility levels (conveyed with more
colourful display) become.

4. Experiment

Tested with 11 self-report shy subjects in two
speed-dating sessions: with shirt and without. 73% said
the shirt was helpful to their meeting with strangers.
One said: “It gave a sense of having something in
common to begin the conversation, something we both
were interested in. Whereas when we didn’t have the
shirt, | felt we were only trying to make small talk.”
Although, the sample tested was small, our first
experiment underlines some problems and potentials of
the chosen technologies for improving interpersonal
skills of shy people.

r

it

v

Figure 1. Two shirts tested in a dating session
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H4-TEG: A Huffman Base-4 Text Entry Glove Demonstration

Bartosz Bajer, I. Scott MacKenzie, Melanie Baljko
Department of Computer Science and Engineering
York University
4700 Keele St.

Toronto, Ontario M3J 1P3 Canada
{ bartb, mack, mb }@cse.yorku.ca

Abstract

We designed and evaluated a Huffman base-4 Text
Entry Glove (H4-TEG). H4-TEG uses pinches between
vjg" vjwod' cpf' hkpigtu" gp" vjg' wugtlu" tkijv" jcpfi
Characters and commands use base-4 Huffman codes
for efficient input.

1. Introduction

We describe a one-handed text input technique that
makes use of a pinch activated glove called Huffman
base-4 Text Entry Glove (H4-TEG). Our goal was to
reduce or eliminate the need for visual attention and to
retain high efficiency. We present H4-TEG, which
incorporates the H4-Writer algorithm [2].

2. H4-Writer

H4-Writer [2] is an optimized four button keyboard
that uses base-4 Huffman encoding. It utilizes
minimized key sequences to enter letters with full
access to error correction, punctuation, digits, and
modes, as seen on a standard QWERTY keyboard. This
was attained by branching the characters and
commands into a tree having out-degree 4 at each
node. H4-Ytkgtds KSPC = 2.321. By pressing one of
four buttons the user branches down the code tree until
a leaf node is reached.

3 Design of H4-TEG

The human hand, with its four fingers, lends itself
naturally to the H4-Writer concept. Each finger can
represent a different branch in the base-4 Huffman tree,
and a simple discrete pinching motion between the
fingers and the thumb can be interpreted as a user
selection.

The H4-TEG has four spandex finger bands and a
Velcro wrist strap. Each finger band has a button
connected to a colour-tagged wire running to the wrist
strap where they are bundled and run to a keyboard-
processing unit. The processing unit is encased in a
plastic box with a belt clip for easy placement.

When fitting H4-TEG for use, the user centres each
3 mm diameter button on the pulpar surface of the
distal phalange of the apt finger. When an actuator is
triggered through a thumb-distal contact force of at
least 1 Newton, the software fires a key pressed event.

Importantly, H4-TEG is untethered. The keyboard-
processing unit communicates wirelessly at 2.4 GHz
with the computer through a USB adapter, allowing 4.6
meters of freedom. The unit was extracted from a
Microsoft Wireless Keyboard 800.

4, Software Interaction

Using the H4-TEG and H4-Writer Software users
transcribe a block of five phrases drawn at random
from a set of 500 [1]. The interface shows the phrase to
dg'vtcpuetkdgf."vj g"wugtOu'vtcpuetkrvkgp."vj g"wugtOu'kprrw
sequence, and the H4 keyboard. As entry progresses,
users receive visual and audio feedback. With each
button press (pinch), the keys are updated to show the
characters accessible along each branch in the tree.

Vjg' kpvgthceg" ugwpfu' " Benkem" vo indicate a key
pressed event. The final key press of a Huffman
sequence is marked with c'DfkpiN'cwfkq'ewg.

For each phrase that is transcribed the interfaces
shows the text entry speed (wpm), error rate (%), and
efficiency (%) and then shows the average of these
measures at the end of a block. A mistake if not
corrected will be reflected in the error rate and a
mistake that is corrected will be shown in the
efficiency measure.



5. Conclusion

The Huffman base-4 Text Entry Glove (H4-TEG), is
a text entry device that uses the H4-Writer software
and finger-thumb pinching motions as discrete inputs.
We hope that with improvements to the design of the
glove, entry speeds will increase and physical exertion
will decrease.
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Icebreaker T-shirt: a Wearable Device for Easing Face-to-Face Interaction

Nanda Khaorapapong, Matthew Purver
Queen Mary University of London, London, UK

Abstract

This paper discusses the development of Icebreaker
T-shirt with results from an experiment with shy users.

1. Introduction

Initiating a conversation is a common challenge for
shy people [2]; here, we introduce the Icebreaker T-
shirt, intended to be worn in real-world social events,
and aimed at increasing comfort feeling and familiarity
between strangers by leveraging online social network
information (e.g. Facebook) on clothing. Using
advances of computer-mediated communication
(CMC) with design principles of slow technology that
value reflective experience of the user, we examine to
what extent advanced technologies can improve social
skills and may lead to more meaningful relationships in
the real world.

2. Background

Various forms of online CMC have been reported to
increase social relationships due to the fact that they
allow users to focus on information content rather be
overly concerned with social customs and non-verbal
clues from interaction partners. However, these allow
identity distortion, unrealistic expectations, and
withdrawal from real-world activities; thus make face-
to-face communication harder for socially anxious and
low interpersonal skilled users. Social proximity
applications (SPAs) in smartphones enable online
information access in a pervasive manner. Our
approach has similarities to SPAs like iBand* and
SocialButton? that allow users with similar interests to
share online information. However, most SPAs are
deployed in unsophisticated objects causing low
aesthetic value in “wear-ability” that can limit the

1 M. Kanis, et al., “Toward wearable social networking with iBand”,
CHI '05 extended abstracts on Human factors in computing systems,
ACM, NY, USA, 2005, pp. 1521-1524

2 L. Johannes, et al., “SocialButton — Mobile Technology Enhancing
Social Interaction”, Proceedings of the International Conference on
Next Generation Mobile Applications, Services and Technologies,
IEEE Computer Society, DC, USA, 2007, pp. 14-18

usefulness in sensitive social situations. iBand is
closest to our approach; it uses an embedded infrared
sensor in seeking other users in a close proximity
whereas our Icebreaker T-shirt prototype uses Radio
Frequency Identification (RFID) system to exchange
users when they shake hands. However, none of SPA
works so far has been designed to support shy users.

3. Design

Developed on a hypothesis that familiarity may
enhance comfort and relaxation when meeting
strangers, thus helping the wearer select new
acquaintances while maintaining the naturalness of the
social interaction and comforting property of clothing.
The shirt is equipped with a set of RFID reader and tag
embedded on the cuff of its long-sleeve. This allows
two wearers to exchange identities when shaking
hands. Next to it, there is a microcontroller designed to
retrieve their public profile and preference from their
Facebook pages using a smartphone (this feature was
left out, and information of test subjects was pre-stored
in the microcontroller used in the first proof-of-concept
prototypes). The microcontroller matches users’
profiles and preferences. This results in a level of their
social compatibility displayed using conductive thread
and heated-sensitive paints. The more interests they
have in common, the higher their compatibility level
(conveyed with more colourful display) become.

4. Experiment

Four prototype T-shirts have been developed and
tested with 11 self-report shy subjects in two speed-
dating sessions: with and without the shirt. 73% said
the shirt was helpful to their meeting with strangers.
One said: “It gave a sense of having something in
common to begin the conversation, something we both
were interested in. Whereas when we didn’t have the
shirt, | felt we were only trying to make small talk.”
Although, the sample tested was small, our first
experiment underlines some problems and potentials of
the chosen technologies for improving interpersonal
skills of shy people.



A System for Visualizing Pedestrian Behavior based on Car Metaphors

Hiroaki Sasaki
Kobe University
Kobe, Japan
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1. Introduction

There are many accidents such as bumping between
walkers in crowded places. One of reasons for this is that it
is dif cult for each person to predict the behaviors of other
people. On the other hand, cars implicitly communicate
with other cars by presenting their contexts using equipment
such as brake lights and turn signals. The reason why peo-
ple can intuitively understand car behaviors is that we have
implicit knowledge of the context presentation methods of
cars. We propose a system in this paper for visualizing
the user context by using information presentation methods
based on those found in cars, such as wearing LEDs much
like brake lights, which can be seen by surrounding people.

2. System design and Implementation

The proposed system visualizes user behaviors based on
the visualization methods used in cars. To do this, the user
wears sensors and actuators such as LEDs and accelerome-
ters since cars inform their turning or stopping contexts us-
ing turn signals or brake lights. Most people have implicit
knowledge and intuitively recognize such meanings since
they are familiar with the presentation methods for cars in
their daily lives. Figure 1 illustrates a user wearing a Jacket
Type prototype, and other types of devices. They have the
following visualizing functions.

Brake light: When the button on the input device is
pushed or the sensors detect the user is slowing down or
stopping, the red LEDs on the back illuminate. Blinker:
When the button on the input device is pushed, yellow LEDs
on the back blink. Hazard lights: When the button on
the input device is pushed, both yellow LEDs on the back
blink. Head lamps: White LEDs on the chest illuminate to
present the user’s presence. Moreover, blinking head lamps
will draws the attention of the surrounding walkers. Engine
sound: The system outputs engine sounds using a speaker
to present the user’s presence based on the walking speed.
Horn: When the button on the input device is pushed, the
system outputs a horn sound from a speaker, and draws the

Tsutomu Terada
Kobe University and PRESTO, JST
Kobe, Japan
tsutomu@eedept.kobe-u.ac.jp

Masahiko Tsukamoto
Kobe University
Kobe, Japan
tuka@kobe-u.ac.jp

Figure 1. Our system.

attention of the surrounding walkers. Rear view camera
and backup sensor: The user is aware the circumstance
behind him/her from a sensor alarm or a rear view image.

In this system, we use Nintendo Wii remote controller as
the input device, and wireless accelerometers (WAA-006)
by Wireless Technology on the user’s feet are used to rec-
ognize the user contexts.

3 Conclusion

We proposed a system for visualizing the user context
for surrounding people for smooth walking environments. It
visualizes the user behavior such as turning left or stopping,
using car-metaphors such as wearing LEDs as brake lights
and turn signals. Our preliminary evaluation con rmed that
the system can show the intent of a user to the surrounding
people in real environments, and our system is superior to
systems using other methods (using texts or pictograms) in
intuitiveness and quickness in presenting information.
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Don’t Break My Heart — wearable distance warning system for cyclists

Rain Ashford
Department of Computing, Goldsmiths, University of London
rain.ashford@gmail.com

Abstract

London can be a daunting and scary place for a
cyclist. In Kings Cross we have seen many cyclists hurt
or killed on the roads, in London and all over the UK
visibility for cyclists is an issue. ‘Don’t Break My
Heart’ is a piece of wearable technology using LilyPad
Arduino, RGB LED, proximity sensor, conductive
thread and fabrics to create an easily Velcro-ed on and
off and highly visible alert for traffic traveling behind
cyclists. A pulsating RGB LED heart is triggered by a
proximity sensor if something is travelling close behind
it. A green calm pulsating heart indicates a safe
distance is maintained, an amber faster heart indicates
that caution should be observed and a red rapidly
pulsating heart indicates to the driver that they need to
back off and give the cyclist some space.

Introduction

Figure 1. Shown pulsating green

‘Don’t Break My Heart’” (Fig. 1) is a wearable,
colour-coded distance warning system prototype for
cyclists to wear on their back, whether that be a shirt,

coat or rucksack. It incorporates a sewable LilyPad
Arduino microcontroller [1], RGB LED [2], proximity
sensor [3], conductive thread [4] and fabrics to create
an easily Velcro-ed on and off (moveable between
garments & bags) and highly visible alert for traffic
traveling behind cyclists.

Development

Figure 2. Testing with crocodile clips

| created the first iteration (Fig. 2) of this piece of
wearable technology at Hondahack, in 2011, which
was a developers’ hackday held in London, sponsored
by Honda and | created the work within a 12-hour
deadline. | wasn’t happy with the finished look of it at
the time because | had rushed to put it together in time
for the hackday presentations. So after the event and
when | had the time, | unpicked the conductive thread
and components, and put it back together as | wanted it
to be.



Figure 3. Shown pulsating amber

Figure 4. Shown pulsating red

The completed ‘Don’t Break My Heart’ wearable
comprises of a pulsating RGB LED heart which is
triggered by a proximity sensor when a vehicle is
detected traveling close behind. I’ve used traffic light
colour-coding for the super-bright RGB LED: a slow
green pulsating light (Fig. 1) in the heart-shaped
diffuser which | fashioned out of polymer, indicates a
safe distance is being maintained, an amber faster light
(Fig. 3) indicates that caution should be observed and a
red rapidly pulsating light (Fig. 4) indicates to the
driver behind that they need to back off and give the
cyclist some space. As this is a prototype at the ideas
stage, safe distances and final technology, such as
sonar for proximity detection and other materials /
components would be tested and confirmed later in the
design process. The piece is portable between garments
and bags as it uses Velcro to easily attach in to any
surface. This also means the garment it is being worn
on can be washed.
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Temperature Sensing T-shirt (AKA: “Yr In Mah Face!’)

Rain Ashford
Department of Computing, Goldsmiths, University of London
rain.ashford@gmail.com

Abstract

In my work I've been drawn towards the
juxtaposition of self-tracking combined with social
interaction and visibility of emotions, self-awareness
and physical states via the use of sensors and
actuators. | created a temperature sensing t-shirt to
visualise personal physical data and how this has an
impact on social occasions and relationships.

Introduction

Figure 1. Temperature sensing t-shirt

I’m very interested in the evolution of wearable
technology, plus how audiences react and interact with
my wearable works. This might be done via several
methods such as looking at the history, development,
limitations, future possibilities, plus present issues for
users of wearable technology. For example, the
durability of components e.g. sensors and how they are
driven by ICs (Integrated Circuits) [1] and
microcontrollers [2], battery size and power
management issues, weight, clunkiness, design
considerations for various user groups and acceptance
by the public generally.

Development

Figure 2. Initial positing of components and
design of work

It’s the availability of sewable electronics and
sensors in particular that allowed me to bring my ideas
to fruition. I’m very interested in how people behave in
social situations and express emotions. | use sensors to
detect physical signs such as heart rate, temperature,
proximity and movement. | integrate the sensors and
other electronics as part of my overall design with
fabrics and e-textiles (Fig. 2), | also repurpose existing



electronic devices, especially those that are open
source and | can easily obtain their schematics and
coding files to rewrite.

Figure 3. Sewing of conductive thread seen from
the underside of the design

The contemporary styling of the LilyPad Arduino
component range [3] has made them more attractive to
work with, for example the LilyPad Arduino
Microcontroller board is round, has petal shaped pads
for sewing with conductive thread [4] instead of
soldering, the range is purple and is light and fairly
flat. This styling has helped change how people regard
wearable technology and electronics for wearable
technology, which is no longer comprised of cold,
bulky sharp, boxy & ugly components that you might
prefer to remain hidden. This allows me create much
more elegant work with electronics and incorporating
the technology into the design of the overall work.

An example of my work looking at social
interaction is “Yr In Mah Face’: a temperature / mood
sensing t-shirt (Fig. 1), it takes Celsius temperature
data from the wearer via a small temperature sensor
attached on the chest area of the shirt. In the code that
drives it I’ve written an algorithm that averages the
temperature taken from the sensor and then visualises
the results via controlling the current to light an
appropriate set of LEDs (Light Emitting Diode) [5] on
the shirt. The LEDs are contained within two fabric
feline styled heads as eyes. One head is green to reflect
feelings of cool, calm and collectedness and the other
is red to relate to feelings of stress, agitation or getting
‘hot under the collar’. The LEDs or ‘eyes’ light up and
fade depending on the temperature being recorded
from the wearer’s body. All the electronic components
are connected and sewn together with conductive

thread which is incorporated into the design of the
work (Fig. 3).

I intended the shirt to be worn at social occasions
such at networking events where people often meet and
talk to strangers, and are projecting their self-image
whilst making quick, spur of the moment judgments
about others.

I’m interested in visualising physical data and how
this has an impact on relationships. In wearing the t-
shirt and speaking to people about it, I have found
some are comfortable about indicating their possible
emotive state, whereas other people are decidedly
uncomfortable with the idea of making any emotions
or interpretations of physical data public.

My temperature sensing t-shirt is a fun experiment,
though I'm very interested in how various sensing
technologies, including temperature sensors, can have
broader and varied uses. For example, in a society
where more of the population is living to a ripe old
age, then smart wearables that incorporate temperature
and other sensing modules may help older people who
might need their health monitoring constantly but wish
to live at home or be mobile. Also, for various lifestyle
and sporting uses, such as comfortable sports clothes,
fitness monitoring and extreme environment wear.
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Twinkle Tartiflette — an Arduino driven interactive word and music artwork

Rain Ashford
Department of Computing, Goldsmiths, University of London
rain.ashford@gmail.com

Abstract

LilyPad Arduino is a great platform for rapid
prototyping for my standalone interactive art projects
and wearable artworks. It’s also a fun way to learn
about electronics and programming. It allows the user
to combine electronics and textiles by way of a sewable
microcontroller and suite of components. Twinkle
Tartiflette is an interactive wearable in the form of a
word and music artwork.

Introduction

Figure 1. LilyPad Arduino

| decided that | wanted to combine words, image
and sound into an interactive experience, brought to
life by touching embroidered words with a stylus on a
shirt and using the LilyPad Arduino [1], a sewable
microcontroller [2], with conductive thread [3] and
electronic modules.

Development

I began to think about how 1’d build this work and
firstly decided on re-using the frequencies for notes

worked out for a favourite nursery rhyme, ‘Twinkle
Twinkle Little Star’ [4], that 1I’d used in another
interactive artwork. | chose to transfer the first two
verses of the aforementioned nursery rhyme word for
word onto felt stars, one star for each verse.

Figure 2. Embroidering words in conductive
thread onto stars

There are six notes in the first two verses of
“Twinkle Twinkle Little Star’, so | needed to map out a
schematic for the conductive thread to pass from the
words to the LilyPad Arduino (Fig. 1), joining each
word to the right note pin on the LilyPad. The first
action was to cut out two star shapes and begin
embroidering the words onto them with conductive
thread (Fig. 2).

With the word stars completed it was time to start
sewing the main sewing schematic onto the shirt, 1’d
mapped the six notes to the words of the nursery rhyme
and then the words on the stars back to pins dedicated
to notes on the LilyPad Arduino (Fig. 3).

After an intensive two weeks of sewing, | had sewn
all the embroidered words back to the correct notes on



designated pins, | also added the buzzer and battery
modules to the shirt. There were some interesting
insulation and bridging issues to be solved between the
various paths of conductive thread crossing each other
on the shirt and | hid all the bridges for thread that
crossed other thread paths on the underside of the shirt.
I was then ready to write and compile the code and test
to see if it would compile (work). The code | have
written uses the speaker module to produce simple
musical notes via connecting to the words with a stylus
and completing a circuit. | used a note chart to match
frequencies to the different notes that could be played
on the piezo buzzer [5] | had sewn to the shirt, the
frequencies became part of the code to tell the buzzer

which note to play.

Figure 3. Schematic of tracks of conductive
thread from words to LilyPad Arduino pins

All that remained to do was tidy up the sewing,
ensuring there are no trailing bits of conductive thread
to cause short circuits and gluing down any thread
looking like it was going to stray or come undone with
fabric glue (Fig. 4). The shirt was then ready to be
worn and one could play the tune of ‘Twinkle,
Twinkle, Little Star’ via the stylus when required.

Figure 4. Finished Twinkle Tartiflette
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ABSTRACT

In collaboration with researchers at NASA’s Johnson Space
Center, we have created a reconfigurable electronic textiles
garment with interchangeable functional swatches that perform
various tasks such as a light sensor, bump sensor and activation of
vibrating motor.

1. DESIGN OBJECTIVES

The goal of this project was to develop an astronaut flight suit or
stand-alone garment that allows for optimum mobility and
comfort while supporting quick attachment of simple display and
control elements mounted on fabric swatches. The garment must
provide power to the swatches and the ability to attach up to 8
different swatches simultaneously at different locations. Swatches
should utilize attachment methods appropriate to positioning on
the body. Students should deliver the functioning garment with at
least two example swatches for demonstration. This would be an
Arduino based system.

The design objectives were as follows:

¥ Optimum mobility and comfort for user

¥ Full circuit within suit, reaching to all eight attachment
locations

Three functional swatches

Ergonomically designed suit for swatch use

Utilizes affective attachment and detachment methods

3. DESIGN CHALLENGES

3.1 Swatch Locations

Swatch locations need to be easy for the user to access, on parts of
the body that allow for movement and comfort, while still being
able to be feasibly connected to the Arduino board at the back of
the suit. We have placed the eight swatch locations at the most
ergonomic locations manageable without interfering with
mobility.

K K

To determine swatch locations, we assessed mobility and reach to
body locations, sensitivity of the skin over the body surface
(assuming some necessary applied pressure to attach, detatch,
and/or interact with swatches), and visibility of body areas
(assuming some or all swatches needing visibility for effective
interaction).

Swatch locations are depicted in Figure 1.

3.2 Layering

To make sure that the traces did not interconnect, we needed to
create a multi-layer circuit within the suit. Although the suit calls
for routing to eight separate locations (which could require up to
eight layers of traces), excessive layring would not work in
conjunction with a suit that would be comfortable and wearable.
We condensed the eight layers into two by applying conductinve

Lucie Mulligan
University of Minnesota
St. Paul, MN

mullil80@umn.edu

Ashton Frith
University of Minnesota
St. Paul, MN

frithOO5@umn.edu

traces by stitching with a lockstitch machine, with conductive
yarn in only the bobbin thread. By adjusting machine tension, we
were able to restrict the conductive trace to one side of the fabric,
using the fabric to insulate traces on one side from traces on the
other side. In this way we were able to put four layers into one,
condensing the circuit to two layers. Traces on layers in physical
contact were insulated with fabric paint.

Figure 1. Reconfigurable e-textiles garment, showing swatch
locations
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Figure 2. Garment interior and exterior layering.




3.3 Trace and Interconnect Layout

Each of the eight required swatch locations have conductor

connections, each of which connect to a small location on

the

back. Each location needs to be well placed so that overlap of the

conductive traces does not occur. Shown below is how

we

overcame this complication, by staggering the traces to fit closely

together without touching, and stitching the layers so that
conductive thread is on the top for the vertical traces, and on
underside for the horizontal layers.

Figure 3. Central connection points for microcontroller
showing stitched traces.

3.4 Stitch and Trace Crossing

the
the

Where traces meet seams that still need to be sewn, traces need to
be matched up exactly, and stitched precisely using non-

conductive thread to create a simultaneous electrical

and

mechanical connection. This leaves very small margins of error,

requiring precision in patterning and stitch layout.
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3.5 Swatch Attachment

Each of the six central points of connection need to match up
exactly to each individual swatch to make sure that an electrical

connection is being made, and the circuit is completed. Thus we

needed to take into consideration what type of fastener to use,
because it has the dual purpose of securing the swatch in place,
and completing the circuit. We used rare-earth magnets attached

with adhesive conductive tape for

the swatch could not be attached upside-down or misaligned.

ease of construction.
Controlling the polarity of the magnets allowed us to ensure that

>

3.6 Connecting Suit Layer

All eight swatch locations were routed back to one central
microcontroller attachment location. We used the female side of
compression snaps to connect the 2 layers of the suit together, and
the male side to connect the Arduino board to the meeting point of
all the traces.
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ABSTRACT

For bicycle and motorcycle riders, visibility is a constant concern
for safe riding. For the designer, minimizing additional demands
on the rider’s attention is just as crucial when the device will be
used while operating a vehicle, especially a bicycle or motorcycle.
This illuminated riding glove uses off the shelf sensors to
recognize common hand gestures used by riders and actuates
appropriate LED patterns to enhance the visibility of the gesture.
The configuration of LEDs also translates the gesture to an
illuminated directional chevron to aid other road users who may
not be familiar with the left and right turn hand signals used in
North America. By equipping the device to recognize existing
hand gestures, activation of directional LED signals is simplified
allowing the rider to focus on riding while the glove responds to
and extends the visibility of the rider’s hand gestures. This context
awareness allows the device to cooperate with the rider, rather
than asking the rider to interact with the device.

Categories and Subject Descriptors

H.5.2 User Interfaces

General Terms
Design, Human Factors.

Keywords
Context awareness, gesture recognition, wearable technology,
emotion.

1. INTRODUCTION

After helmet use, one of the most important things to consider in
bicycle and motorcycle operation is visibility. This concept seeks
not only to enhance visibility through the addition of illuminated
LEDs to the rider’s glove, but also extend the ability to use
standardized hand turn signals into the night hours. It is important
that any added functionality not create additional demand on the
attention of the rider. To achieve this increased functionality
without added workload, sensors are employed to recognize
common hand gestures for cyclists and motorcycle riders, and
actuate the appropriate LED pattern. While adding visibility, the
gestures are also translated into directional chevrons, or
arrowheads, as some road users may not be familiar with the hand
signals used in North America for signaling turns, due to
infrequent use or distraction.

2. MOTIVATION

The addition of blinking lights to gloves as a means to increase
rider visibility for bicyclists and motorcyclists is not a new one
[1]. The novelty and value are instead derived from the
recognition of standard hand gestures. By recognizing the gestures
used in signaling intention to other road users, the rider can
actuate an appropriate LED pattern to supplement the hand signal
without having to modify their signaling habits with one more
button push to actuate yet another device. This context awareness
helps move the glove beyond being a device to be interacted with
to one that is in cooperation with the rider. Instead of demanding
the adoption of new behavior, the device affords the existing
behavior, allowing the rider to focus on their ride. For diagrams of
the standard hand signals and common gestures supported see
figures 1 through 4.

Other road users may not be familiar with or have forgotten the
hand signals due to non-use. These drivers are also aided by the
translation of the hand gesture to an illuminated directional
chevron. Additionally, in low light a vehicle operator who may be
aware of the hand signaling system may not see the outstretched
arm, or be able to differentiate between a bent elbow and an
outstretched arm.

The glove also supports the rider’s expression of anger. Humans
are emotional, and supporting that emotion is crucial in creating a
connection between human and object [2]. The extended middle
finger is known in North America as a dubious gesture, and is one
commonly used to express the rider’s disapproval or anger with
other road users when the rider perceives a disregard for their
safety.

3. FUNCTIONALITY

The glove prototype uses flex sensors, a basic tilt switch, off the
shelf 3mm high flux LEDs, and an Arduino Pro Mini to recognize
gestures and actuate the LEDs.

The flex sensors are located at the index and middle fingers, and
function to recognize released grip from the handlebars and to
differentiate between the open hand position for turn signals,
pointing with the index finger, or gesturing with the middle finger.

The tilt sensor functions to detect the orientation of the hand to
differentiate between left turn signaling, a horizontal open hand,
and right turn signaling, a vertical open hand.

This combination of sensors recognizes and differentiates between
resting state and 4 gestures common while riding:



3.1 Hand grasping handlebar, closed hand.
When both flex sensors are flexed, all LEDs are turned off. When
the hand is closed, the hand is assumed to be wrapped around a
handle bar, with no signaling occurring.

3.2 Right turn hand signal

When both flex sensors are open and not flexed, and the tilt
switch is in the vertical position, LED circuits D and L are
repeatedly activated and deactivated at 500 ms intervals to create
a blinking chevron or arrow head symbol pointing to the right
when hand is oriented vertically as long as sensor state remains
the same. See figure 1.

3.3 Left turn hand signal

When both flex sensors are open and not flexed, and the tilt
switch is not in a vertical position, LED circuits D and R are
repeatedly activated and deactivated at 500 ms intervals to create
a blinking chevron or arrow head symbol pointing to the left when
hand is oriented horizontally as long as sensor state remains the
same. See figure 2.

3.4 Index finger extended to point
When the index finger flex sensor is open and not flexed and the
middle finger flex sensor is flexed, the tilt sensor is ignored. LED
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Figure 1: Right turn hand Figure 2: Left turn hand
signal signal
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circuits D and L are activated and illuminated constantly creating
an illuminated chevron or arrowhead symbol as long as sensor
state remains the same. Illluminated chevron points in same
direction of finger regardless of hand orientation. See figure 3.

3.5 Outstretched middle finger

When the index finger flex sensor is flexed and the middle finger
flex sensor is open and not flexed, the tilt sensor is ignored. All
LED circuits (X, D, R and L see figure 5) are activated and
deactivated repeatedly at 250 ms intervals creating a flashing
diamond as long as sensor state remains the same. See figure 4.
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ABSTRACT

This mini-collection of three garments explores the concept of
using solar power to change the garment s aesthetic as well as
functionality. The two main concepts of the collection are
sustainability and wearable technology. The garments offer on-
the-go solutions to changing garment s appearance and charging
electronic devices.

Keywords

Solar, photovoltaic, e-textiles, wearable technology, fashion

1. CHILD’S GARMENT

Since this child s dress was designed to be non-traditional to
current trends, non-traditional fabrics were selected. The bodice
and the pockets of the dress are made of fine white canvas. The
skirt is made of light blue vinyl with leather texture print,
mounted on woven base. For comfort the dress is lined with
white muslin. Lining also serves as a barrier between the body
and integrated technology.

1.1 Concept

The objective of this design was to create an outfit that uses solar
power, generated by photovoltaic panels incorporated in the
garments as a power source for decorative and interactive feature
of the dress, such as spinning flower. The goal of the design was
to create something that can be both technology-forward and
wearable, and will simultaneously entertain and amuse the child.

1.2 Technological Functionality

Solar energy is collected by six photovoltaic panels located in
pairs down the front of the dress (figure 1 and 2). The collected
energy is transferred to a battery pack, located under the skirt of
the dress. Activation of the dress s interactive component takes
place when an interactive squeezable ball, locate in the right
pocket of the dress is squeezed, closing a conductive fabric switch
and activating the flower, located on the left side of the chest. As
the flower activates (figure 2b), it turns on a motor and the flower
spins. As the interactive ball is released, energy flow stops and
the flower rests. The interactive ball is made of two layers of
conductive fabric separated by a piece of open cell foam with a
hole in the middle. As the ball is squeezed, the layers of the
conductive fabric touch and close the switch to activate the
flower. As the ball is released, the foam recovers to separate the
fabric layers and open the switch. To add interest to the flower, a
string of colorful beads was added to each petal, so that as the
flower spins, the viewer sees different sparks of color.

2. MOTHER’S GARMENT

The design for the mother s garment was primarily inspired by
the idea of the futuristic family. Further exploring the aesthetic
abilities of wearable technology we used electro luminescent
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Figure 1: Child’s Garment Front (a) and Side (b)

(@) (b)

Figure 2: Child’s Garment Back (a) and Flower Detail
(b)

wiring on the skirt to allow the wearer to have multiple options
for this garment. The sculptural silhouette of the garment was
inspired by the Urban Kaleidoscope created by Marco
Hemmerling (figure 3 and 4) and was constructed of a non-
traditional fashion fabric: vinyl, and vinyl/mesh laminate.

2.1 Concept

Solar energy in this garment was employed primarily for aesthetic
purposes. This project was designed to harness solar energy in the
service of aesthetic innovation in wearable technology.

2.2 Technological Functionality

Electro luminescent wires were applied to follow the contours of
the skirt (figure 4b). The four solar panels on the upper back
collect energy from the sun which charges a battery pack located
under the skirt. A toggle button, on the front left waist, controls
the state of the Electro luminescent wires. There are four cycles



the user can choose from: solid lights, fast blinking, slow
blinking, off.

(b)
Figure 3: Mother’s Garment Front (a) and Side (b)

(@) (b)
Figure 4: Mother’s Garment Back (a) and Skirt Detail (b)

3. FATHER’S GARMENT

The father s jacket was inspired by the idea of a male architect
who uses his bicycle as a means of transportation to work. The
garment is a biking jacket with an urban edge in order for him to
wear his jacket during the commute and potentially also at work.
The shell of the jacket is made of waterproof-breathable dark gray
Gore-Tex with black mesh lining for better ventilation. Vents are
located near the core of the body and at the lower back to cool the
areas of the body that hold the most body heat (figure 5b). Black
reflective piping in the front seams and under the pockets,
outlines the contour of the body as to increase visibility when
bicycling. Solar panels are placed on the front part of the sleeves
for better exposure to the sun while biking (figure 5). On the back
bottom (figure 6) of the jacket mesh-covered vinyl is placed over
luminescent wire design to protect wire from dirt. An adjustable
collar allows the user to cinch it when cold, or release it when
warm.

3.1 Concept
The objective of the design was to create a garment that would
use solar energy to power functional elements of the garment.

3.2 Technological Functionality

The solar system in the father s garment is set so that solar panels
are wired to a battery pack, located in the right pocket. A toggle
button in the pocket regulates the lights in the back. The user can
choose from four settings: solid light, fast blinking, slow blinking,
and off. The other set of wires goes into the left pocket, which
contains an outlet for a USB cord; this can be used to charge
electronics. The solar panels are arranged to collect solar energy
while in a biking position.

@ (b)
Figure 5: Father’s Garment Front (a) and Side (b)

(@) (b)
Figure 6: Father’s Garment Back (a) and Back Detail (b)

4. CONCLUSION

Solar-powered garments open a new venue to be adopted and
elaborated upon in wearable technology field. In this collection
unusual fabrics were used to give edgy and avant-garde feel to the
looks. The solar panels were incorporated into designs to
emphasize the idea that new wearable technology can also be
fashionable. Lastly, solar panels with improve sustainability of
the technology in the garments.
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Abstract—This kinetic white dress is made with Arduino Uno and
a mini servo motor to give a kinetic reaction when wearer
pressing a button on the left side of the dress. This dress is made
for kinder garden teachers and mothers to interact with children
to develop children’s’ emotional and intellectual. Wearers can
use the dress as backgrounds of fairy tales using various
characteristics. At this time, a worm and a butterfly were
prepared with light emitting diodes (LEDs) lighted on. The dress
is designed to interact when educating and playing with children
with fun, and enjoyment; attract children’s attentions; and create
close connections between kinder garden teachers and mothers
with children. This dress is multi-use and it can also be worn in
special occasions such as casual parties or as a bridal dress for
unique styles and entertains. To maximize movement of the dress
from the servo motor, many experiences has been done with
various materials and details.

Keywords-Arduino; servo motor; dress; wearable technology

l. CONCEPT

The Fairy Tale Kinetic Dress contains three major
concepts: interaction, fun, and multi functions. This dress is
made for kinder garden teachers and mothers to interact with
children to develop children s emotional and intellectual. Fairy
tales can influence positively on children to create their roles
and self identity [1-2].

First, when telling fairy tales with preschool children,
kinder garden teachers and mothers can use the dress to tell
interactively fairy tales. The dress becomes a site and a
background for stories and flowers, ropes, and other details are
moving. There is a butterfly is paired with a worm that is main
characters and light emitting diodes (LEDs) lightened up. With
kinetic effects on the dress, wearers can attract children s
attention and motivate interests. If other main characters are
developed in the future, the dress can be used as backgrounds
for various stories. By wearing the dress, wearers can play
interactively with and be involved actively with children.

Second, dress influences on student s perceptions on
teacher s characteristics [3]. Kinder garden teachers can wear
the dress and by easily pushing buttons, teachers can make fun
situations and keep children s attentions. Not just wearing
regular garments, teachers can create fun and enjoyable
circumstances and vibrant teacher s images to children. The
dress is expected to make distances between teacher and
preschool children closer and create strong inner connections.
Also, teaching lessons and etiquette education classes can be

done with children by telling fairy tales by giving fun at the
same time.

Third, the dress can be worn for various occasions. For
instance, the dress can be worn for at work for kinder garden
teachers and mothers when they are at home or go out with
preschool children. Also, the dress can be worn for special
occasions such as casual parties. The dress can create a starting
point of conversations with others at a party and the dress can
be used as a method of expressing their feelings. Even, the
dress can be worn by bridals that are looking for unique and
fun dresses.

Il.  TECHNOLOGY

In the Fairy Tale Kinetic Dress, Arduino Uno sized in 75 x
53 x 15 mm controls mini servo motor (sku: ROB-09065) sized
in 22.8 x 11.8 x 20.6mm and weighted in 99 [4]. The mini
servo motor s operating voltage is ranged from 4.8V to 6.0V,
operating speed is 0.10sec/60 degree, and rotating range is less
than 170 degrees [4]. The mini servo motor is designed to be
controlled by a square momentary push button switch (COM-
09190) sized in12mm [4]. Battery pack is made of 4AA and
with on and off switch included. The butterfly and a worm are
made of two clear white LEDs and 2 AA battery pack. The
button is connected to number 2 and the mini servo motor is
linked to number 9 of the Arduino Uno board. The mini servo
motor is programmed to rotate clockwise less than 170 degrees
and after 15 micro seconds, the mini servo motor rotates less
than 170 degrees into opposite clockwise direction. Thus, if the
wear pushes the button, the motor rotates in two different
directions to move and shake details of the dress. The three
Triple Output LEDs are 5mm sized and viewing angles are 30
degrees [5].

I1l.  EXECUTION

To maximize kinetic functions of the dress, the mini servo
motor attaching position on the dress, types of materials and
connection methods are tested before finalize the design of the
dress. First, to use mini servo motor, the curves of the body and
the surface of the dress should not impede the rotation of fans
attached on the motor. Eight areas of the body suggested by
Gemperle s wearability research were referenced, and among
them, three areas on upper body and one area on upper arms
tested to attach the servo motor [6]. When the servo motor
rotates, near the collar area and shoulder was selected as there
are lack of obstacles such as high surfaces created by dress and
body.



Second, fabrics types and string types are connected to
servo motor to evaluate degree of motion ranges. String types
moved more and even after finish of the servo motor rotation,
string keep shaking as for the lightweight. Thus, string types
are selected to use, and to make the movement of strings bigger,
additional attachments were added to strings. The strings and
added materials need to be lightweight not to pull down the
fans of the servo motor. After various evaluations, used
materials are threads, knit yarns, stretchy clear cord, fiber
optics, polyester pom-poms, and polyester fabric bloom flower
decorations.

Third, the motor is attached with two pole nylon fan. If the
horizontal length of the fan is longer, the movement of the
motor becomes bigger. However, there are limitations to make
the fan size bigger such as the fan should be lightweight as the
servo motor cannot hold heavy fans. The fan should not soft or
able to easily vent, as if the fan is soft and easily vent, the fan
cannot stand the weight of the detail attachments and/or tension
and the fan touch the surface of the dress which limits the
rotation of the servo motor. Also, the fan can touch wearer s
face or neck so the size. Thus, the fan is made of 3inch
polyester film for each fan and the outer layer is made of 4 inch
felt to easily connect with other attached detail materials by
sewing. Attached detail materials are connected to fans and the
surface of the dress; and some parts of threads and attached
materials are connected to spread movements of the servo
motor to the whole area of the dress.

Electronic devices are attached in felt pockets inside of the
dress and devices can be easily take off and put in to be
detached before washing or change batteries.

1

Figure 2. Details
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Abstract

The objectives of this work is to seek systematic
modular design methods for smart photonic clothing
for biking based on lighting and heating technology
related to smart clothing, and to present a variety of
modular design models based on conductive textiles,
heating device and lilypad-LED module assembly
technology. On the basis of the LED module
technology, a jacket with smart photonic function was
designed and the heating pants was made using
heating moduel the focus on the biker(s safety and its
protection function. The main concept is BFor
Enthusiastic BikerR a professional job holder who
commutes by bike, and it uses various fabrics and
heating-modules with proper functionality for the
warm photonic bike clothing.

Keywords : photonic clothing, enthusiastic biker,
Lilypad LED module, heating modules,

1. Concept and Fabrics

Table 1 summarizes the mood board E£For
Enthusiastic BikerN and the type of fabrics in the
clothing. The exterior design has been developed for
the outdoor biker based on eco-friendly lifestyle. The
core aspect of the design is to create a professional
worker0s suit fit for cycling in the winter. So, we have
decided to make a LED jacket and heated pants. It was
made with felted wool, waterproof fabric, the
breathable mesh fabric, and self reflective textile.

2. The photonic module

Figure 1 shows the photonic module in this work.
The LilyPad Arduino is a circle, approximately 50mm

(2") in diameter. The board itself is .8mm (1/32") thick
(approximately 3mm (1/8") where electronics are
attached). The LilyPad Kit(KIT-10354, sparkn
electronics, USA) is a great way to get started with the
LilyPad e-textiles platform. Using the parts in this kit
you can create e-textile projects that sense and react to
light and temperature with LEDs, buzzers and even
vibrating motors. The brain of this outfit is the
Arduino-compatible LilyPad Simple Board, which we
can program with the included LilyPad FTDI breakout.
LilyPad is a wearable e-textile technology developed
by Leah Buechley and cooperatively designed by Leah
and SparkFun. Each LilyPad was creatively designed to
have large connecting pads to allow them to be sewn
into clothing. Various input, output, power, and sensor
boards are available. They're even washable.

Figure 1: The photonic modules using in this clothing.



Table 1: The mood board for design and type of used
fabrics

For Enthusiastic Biker

Concept

Twill with waterproof and file double woven
Type of Felted wool fabrics
Fabrics

File taffeta

Reflective fabrics

Figure 2: The photonic modules using in this clothing.

3. The heating module

Figure 3 shown that the heating module (KLK-5000,
Korea) is used carbon flattened heating goods, battery,
and charger. The surface temperature is50 ~70 . The
Battery's capacity is Li-lon7.4V, 2,200mAh. The size
and weight are 51 x 7.4x 23 cm and 126g,
respectively. The charge time is 2~3hr and duration
time is 6hr at 40 . This heating module is applied to
the pants.

Figure 3: The heating modules using in this clothing.

4. Photonic Bike Clothing 11l T For
Enthusiastic Biker

Table 2 shows the flat figure and the outfit of the
photonic bike clothing 1l for outdoor bikers. To
increase visibility during cycling, the photonic modules
are attached to the back parts of the jacket. Included on
the top of the center panel is a switch storage area for
valuables and access to the battery. The back of the



jacket is zipped for storage. This wearable technology
provides the urban biker with added safety and the
comfort of use on the road. The pants feature is
ergonomics patterns to ease and warmth the biker
during cycling.

Table 2: The flat figure and the outfit of the photonic
bike clothing 1l - For Enthusiastic Biker

Jacket

Front Back

Outfit

Flat | pants
Figure

Heater

Battery

Front Back
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ABSTRACT

In this paper, we discuss the foundation research, design process,
and resulting design for a multimodal warning system that is both
wearable (comfortable) and perceptible to the user (functional).
This project is based on a special collaborative project with
NASA Johnson Space Center and a Junior-level studio course in
the Apparel Design program at the University of Minnesota.

1. INTRODUCTION

When an emergency is detected, crew members aboard the
International Space Station must be alerted immediately. The
most appropriate method of alerting a crew member depends on
their current activity. Crew members are constantly working on
different projects that involve multiple senses, and they might fail
to receive an emergency alert if it is delivered in only one
modality. One approach to ensuring that the alarm is perceived is
to deliver the alarm in multiple modalities.

Quality and placement of each modality must be considered. The
system design will be determined through a series of prototype
testing in order to ensure the user has the best perception of each
alarm.

The goal of this project was to design a stand-alone garment that
activates a warning by stimulating at least three senses
simultaneously. The chosen modalities are: audio, tactile, and
visual. Because one or more senses may be disabled, alarms
should have the best possible chance of being perceived at any
given time.

1.1  Design Objectives

¥ Research and determine how perception is affected by the
quality, placement, and intuitive reaction of each modality.

¥ Determine placement of audio, visual, and tactile alarms on
the garment.

¥ Design the garment so that all 3 modalities do not feel
noticeable when system is not in use.

¥ Implement alarms of varying types of urgencies that can be
stimulated via the user or via an outside source.

2. RESEARCH AND DEVELOPMENT

2.1 Device Placement

Based on background research informed by Gemperle et. al [1]
and Wickens et. al [2], the following device placement guidelines
were determined:

¥  Choose areas of low movement /flexibility
¥  Choose areas larger in surface area
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¥  Device placement should be relatively the same size across
adults

¥ Choose areas that are also close to the ear (for audio
perception), sensitive (for tactile perception), and visible (for
visual perception).

Figure 1. Device placement locations derived from Gemperle
et. al [1].

2.2 Stimulus Parameters

Based on background research informed by Wickens et. al [2]
among others, as well as original experimental research testing
placements and stimulus patterns in each modality, the following
parameters were determined for each stimulus modality:

¥ Audio: Frequency 1000-4000 Hz. Raise pitch and volume to
increase urgency, staying below 85 dB.

¥ Tactile: Stimulus between 80-500 ms, increase duty cycle to
raise urgency. Use tactons to encode information.

¥ Visual: Red = warning, yellow= most visible color. Movement
helps in getting attention, faster movement increases urgency.

2.3 System and Garment Design

The final garment design is depicted in Figure 3 and
illustrated in the preceding figures.

2.3.1  System wiring and device placement

Figure one shows a technical sketch of the final garment.
Speakers are placed on the shoulders, LED lights are placed on
the collarbone, LED lights are also placed at the forearm, and a
user-activated button is on the forearm. Mapping the wires
throughout the garment can then be determined by following the
color coded lines that span across the garment.

Seen in the back are 2 vibrating motors placed on the shoulder
blades. All of the wires from the speakers, lights, and motors are
mapped into a pocket located on the back of the garment ending
just below the back waist. This pocket holds an Arduino board, a
switch, and other circuitry.



Alert 1 rare cases of emergency where
immediate attention is needed.

User Attention | Activated by the user in non-urgent

Activated | Getter situations by pushing a button on the

Alert 2 left arm.

(b) Back
Figure 2. Garment wiring harness and device placement.

3. TYPES OF ALERTS

Table 1. Garment alert types

Automated | Low Urgency |Activates in a low state of
Alert 1 emergency where response time is
not a critical factor
Automated | Medium Activates in a medium state of
Alert 2 Urgency emergency where response time is 4
important :
Automated | High Urgency | Activates in high states of urgency [1]
Alert 3 where response time is critical
Automated |2 modalities | In the case that only 2 modalities 2]
Alert 4 can be supported, only visual and
tactile actuators are active
User Emergency | Activated by the user releasing a pull
Activated tab on the chest. Activated only in

-

4

(a) Jacket front and side, alarms off

[

fy =]

(b) Alarms active
Figure 3. Garment prototype.
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Abstract I Hearing is one of the fundamental sensory inputs that
permits us to respond to and navigate our surrounding
environment. Without intact hearing, the inability to detect
warning signals such as fire alarms, police sirens, and honking
horns can place individuals with impaired hearing at a significant
disadvantage while navigating their environment. Common
assistive technologies such as hearing aids, cochlear implants, and
hearing dogs provide a means for individuals to respond to their
environment more intuitively, however, the situation or context
can render these aids inappropriate. Developing a wearable
system to tactilely relay information can empower an individual
with a hearing impairment to move confidently throughout their
environment without the extraneous need of having small pieces
of technology that can easily get lost (hearing aid) or the need of a
canine escort (supervision can increase cognitive demand and
requires one hand to maintain control of the dog). Flutter
integrates function and fashion to relay information about the
auditory environment for a holistic feedback system. If a sudden
or lou alert is detected, such as the honk of a horn or the blare of
a fire truck, the leaflets of the garment will begin to flutter in the
direction and with the intensity of the signal for haptic
notification.

Keywords T haptic; hearing impairment; collaborative robotics.

l. INTRODUCTION

Approximately 36 million Americans suffer from a varying
degree of hearing impairment [1]. The sense of hearing is
considered essential for performing tasks such as navigating
qpgiu"gpxktgpogpy."tgurapFkpi"vg"yctpkpiu."etkgu."cpfenctou.”
and basic interpersonal communication. While a plethora of
assistive technologies exist to supplement this disparity,
hearing aids still prove to be the number one rejected assistive
technology on the market as only 20% of the hearing impaired
population are willing to wear one [2]. Other common aids
include cochlear implants, hearing dogs, and visual or
vibrotactile alerts. However, for a number of individuals the
technology itself may be unappealing due to social stigma,
may be cumbersome or non-portable, or in the case of the
hearing dogs, may be an added responsibility and unsuitable
for many situational contexts.

A.  Haptic Feedback: Unmapped Territory

Even the most successful hearing aids can only achieve 6-8
frequency channels of information across the spectral range,
making fine grain speech resolution difficult for the user [3].

Flutter is able to achieve the same level of frequency capture,
and can serve as a less invasive method of information
communication for the hearing impaired. This garment lends
to the potential for users to adapt to a new method of hearing.
By internalizing the vibrotactile feedback, the user can in
essence, learn how to hear in a new way. Flutter serves as an
elegant medium to internalize the external environment.

. Design Concept

Flutter was designed to assist those with hearing
impairments with the many challenges that they face when
pexkickpi” qpglu’ gzvgtpen' gpxktgpogpw” Uwej" ejemgpigu”
include being able to effectively detect warning notification
systems such fire alarms, the blare of fire truck sirens, or the
horn of an on-coming car. Typical assistive devices such as
alarm beepers or hearing dogs are programmed/trained to
respond to common alerts in the home, such as a fire alarm,
the buzzer of a microwave, or an alarm clock. Once an
individual leaves the home, the personal beeper becomes
unserviceable, and the dog is no longer responding to an
accustomed array of alerts. Instead, in an external environment

Figure 1. Flutter (front view)



canines react natively to their surroundings and the user is
trained to respond based on the dogs actions. Designed to be
worn in public, Flutter picks up where many home tuned alert
systems and hearing dogs leave off.

In the United States, all public establishments are required
to permit hearing dogs. However, this does not translate
globally, and can at times be inconvenient when extensive
traveling is involved. By making Flutter a hands free wearable
system, it can more seamlessly remain with the user and
reliably communication information in a consistent manner.
Flutter is a dedicated system that can pick up localized
auditory cues that it then translates into vibrotactile feedback
for the user to respond to intuitively. Flutter uses a natural
mapping to keep the feedback consistent with the
directionality of the auditory signal, giving the user an
accurate representation of the sound environment. The haptic
feedback materializes through vacillating leaflets on the front
exterior of the garment (designed to look like mere
ornamentation when at rest), as well as embedded vibrotactile
motors in the back of the garment.

1. THE FLUTTER TECHNOLOGY

Flutter relies on a coordinated network of microphones,
microcontrollers, and vibrotactile motors that work together to
detect and relay auditory information throughout the garment.
Miniature microphones instrumented within the garment send
auditory information to the microcontrollers which amplify the
signal and attempt either a time-of-flight (TOF) differential or
sound intensity differential to detect the directionality and
proximity of the respective noise. The microcontrollers then
interpret the signal and instruct the appropriate vibrotactile
motors to actuate. Each microcontroller can be thought of as a
miniature robot that extracts sound from the environment,
communicates with its neighboring robot, and responds in a
coordinated fashion to deliver tactile feedback at the localized
point of the auditory signal. The shirt is adorned with
decorative leaflets that, when at rest, appear to be just
ornamentation. However, the leaf network actually responds to
the auditory cue by starting to flutter (using vibration motors
sized 6 mm by 10 mm) in the direction of the sound. The
fluttering leaflets will move with the sound as the auditory
signal moves in space. For rear auditory feedback, coin
vibration motors (8 mm diameter) are instrumented throughout
the back of the shirt and actuate against the skin when a
posterior sound is detected, indicating the direction and
proximity of the auditory alert. Thus, vibrotactile feedback on
the upper right shoulder blade indicates an alarm coming from
the rear right. The louder the signal - the more intense the
vibration.

B. Design Execution

Flutter uses embedded electronic technology consisting of
microphones, microcontrollers, and vibrotactile motors.
Operational amplifiers coupled with microcontrollers affixed to
small printed circuit boards integrated into the garment perform
the acoustical analysis and signal processing. Each circuit
board is responsible for actuation of up to four vibration
motors, as well as processing the signal from a single

Figure 2. Flutter (close view)

microphone. The signal from the microphone is first amplified
and filtered using a gain stage before being fed directly into an
analog-to-digital converter port of the microcontroller. The
microcontroller is continually sampling the data stream as it
fills a buffer. Once the buffer has been loaded the
microcontroller performs a fast Fourier transform (FFT) on the
sample and begins to load another sample. The FFT transforms
the auditory signal from the time domain to the frequency
domain which permits identifying the signature of the signals
of interest. The microcontrollers also convolve the auditory
samples of neighbor microcontrollers to attempt TOF analysis
for localizing the acoustic signal in space. Once the
microcontroller network selects the proper motors for
actuation, the microcontroller(s) responsible for those motors
will be notified to actuate, providing the haptic feedback to the
user. The network sampling rate is sufficient to permit the
fluttering leaflets to move with the sound as the auditory signal
moves in space.
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1. Introduction

Working life is undergoing considerable and continuous
change. The increased use of information and
communication technology and changes in employment
patterns represent new challenges to mental health and
well-being. Work-related stress is experienced when the
demands of the work environment exceed the personds
ability to cope with or control them [1]. Stress can lead to
psychological or sleeping disorders. If the stress response
continues over a longer period, or if it is particularly
intense, this may result in absence from work, can cause
mental illness (anxiety, depression, sleep disorders) and
contribute to health problems. In the functional state of
the brain has been studied and it has been shown that
mental workload, if increased, can lead to stress and
depression.

Many researchers have investigated physiological [2]
measures such as heart rate variability, galvanic skin
response and electroencephalography (EEG), to predict
workload. Investigation based on EEG can further benefit
from the advances in the field of wearable EEG devices
that enable to take the technology out of the lab and in to
the daily life. Therefore it is still an open challenge to
link mental workload to brain activity with wearable
EEG, which can unobtrusively monitor brain activity.
The goal of this project is to develop methods for
ambulatory long-term measurements of brain activity and
proof of concept application prototypes.

2. Related work

Work-related stress monitoring is still in exploratory
stage. Stress is known to activate the sympathetic

nervous system. Previously published studies have
reported effect of mental stress on changes in various
physiological parameters, e.g. heart rate, blood pressure,
skin conductance, skin temperature. The analysis of
mental stress has focus mainly on the effects of stress on
the cardiovascular system [3]. In [4] an attempt to
correlate electromyography data to mental stress can be
found. A number of studies dealt with the assessment of
mental workload from electroencephalography (EEG)
data when the subject is performing specific mental tasks
and under constrained laboratory conditions [5]. It still
remains an open challenge to combine the everyday
office scenario setting with EEG measurements in order
to assess mental workload.

Technological advances have led to the first wearable
EEG devices and several manufacturing companies have
also developed a variety of software applications to
assess task engagement and cognitive performance while
the subject performs specific tasks. Leveraging these
technological advances, the goal of this project is to
develop methods  for  ambulatory  long-term
measurements of brain activity and proof of concept
application prototypes. Special focus is on context
tgeqipkkgp' ogvjafu' vjor' hwug" kphatocwgp' gp' wugtu'
mental status with information obtained from more
traditional context recognition sensors. The wearable
sensor system will be developed and evaluated regarding
application design and usability in studies.

3. Proposed Approach and Requirements



Mental workload quantification

‘@)

— I ' —>{ Subject's physiological responses

Subject-related factors

Figure 1.The proposed concept. The approach to link mental workload to physiological responses can be divided into three
tasks: mental workload qualification (e.g. uwdlgevu computer activity), consideration of subject-related factors (e.g. self-report
gh"rgtegkxgf'ygtmqcf+'cpf'ogecuwtgogpv'gh'vjg'uwdlgevou'r j{ ukang ikecn"tgurgpugul

In order to link the measured physiological signals with
the mental workload and the perceived mental strain in
an office environment, we adapt the approach shown in
Figl. The approach can be divided in three tasks: 1)
Quantifying mental load, so that the amount of mental
work can be objectively measured, 2) Obtaining the
baseline and perceived mental strain through self-reports
from the subject and 3) Measuring the uwdlgeviu'
physiological responses related to mental strain.

The first task could benefit at the beginning from the use
of controlled cognitive mental exercises that have been
used in previous studies. The ultimate goal is to measure
different activities that are related to office work. For
gzcorng."mpaykpi"vjg" cevkxki{" qp"vjg" uwdlgeviu" rgtugpen
computer, the rate of incoming emails or the speed of
typing can provide information on the instantaneous
workload of the subject. There are a number of
commercial time tracking tools for computer related
work that can provide relevant information for the first
task. The self-reports, on the other hand, will serve to
identify the conditions under which the subject is
working and the perceived mental stress, which will
provide us with a reference for the experiment. A number
of standardized questionnaires exist to assess mental
stress, like the NASA Task Load Index. Finally, the last
task is to obtain measurements from the physiological
signals that we want to examine in correlation to mental
stress. The first physiological signal to be measured will
be the electroencephalogram (EEG) by using a wearable
EEG device. Other wearable, physiological, motion and
environmental sensors can be added, to add other
physiological and contextual information in the
assessment of mental state.

Our first objective is to test the feasibility of such a
wearable system. Once proven, the next goal is to assess
the mental state of a specific person, taking into

consideration that the responses to stress may differ in
the same person. If the assessment can be successfully
achieved, our higher goal is to investigate whether an
qdlgevkxg" kpFgz"' gh' ¢ rgtugplu’ ogpven” wevg" ecp” dg"
formulated.

4. Future work

In this paper we have described our approach towards
mental state recognition in the office environment.
Starting from defining the system components and their
requirements, we will continue by testing it in office
ugwkpiul" Y'g' cko" ov' rgxkpi"vjg' uf{ugolu" hgcukdknkv{" cp "
evaluating its ability to detect mental state for a given
person. Having developed a fist proof of concept, the
evaluation can continue with the evaluation of the
systems on different subjects.
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Abstract

With this research-through-design process we aim
to provide methods that will increase the chance of
societal and commercial adoption of smart textile
applications for eldercare and rehabilitation. These
methods will show how designers can guide the
collaboration between companies from the textile and
technology industry, and eldercare service providers.
We will illustrate the research goal with examples from
the Smart Textile Services CRISP project and will
discuss further plans of this PhD research.

1. Introduction

Within the field of wearable computing we focus on
smart textiles: the integration of technology, such as
computing, sensors and actuators in the textile itself.
Technological challenges such as power use, heat
dissipation and networking have always been an
important issue in the field of wearable computing [1].
As the field of smart textiles is maturing, non-
technological challenges related to societal and
commercial adoption are becoming increasingly
important to focus on [2]. Within the Smart Textile
Services project of the Dutch Creative Industry
Scientific Program (CRISP) [3] we are investigating
how the creative industry can contribute to tackle these
societal and commercial adoption challenges.

Societal adoption of new technologies changes the
way people behave and experience the world. For
example, the adoption of the mobile phone made the
way we manage our social relations more flexible [4].
Until now the developments in the field of smart
textiles has been relying on explorations, while this
now needs to change to a more systematic approach
[5]. For smart textiles to be adopted by society it is
necessary to develop design methodologies which fuse
research and consumer insights [2]. We will focus
specifically on developing smart textile applications
for the domain of eldercare and rehabilitation. In the
field of wearable computing healthcare and eldercare
has been a topic of interest. For example for the
assistance of nursing staff [6], support for people with

dementia [7] and neonatal monitoring [8]. Wearable
computing is beneficial for this domain as it can help
the user, the caretaker and other stakeholders in the
care process to perform their tasks more efficiently,
while also maintaining the intimacy that is needed in
this field of application. The second challenge,
commercial adoption, is about helping industries to
collaborate in such a way that they are able to take new
smart textile applications to the market. The paradigm
of open innovation [9] learns us that in a complicated
field as smart textiles companies need to transfer
knowledge between the domains of textile, technology
and eldercare services. This collaboration is not
natural, because of differences in process, company
culture and language. It is the challenge for companies
to find enough common ground and shared ownership
within the development process [10].

We are exploring societal and commercial adoption
challenges by applying a research-through-design
approach. This approach can be seen as an iterative
transaction between design and research in which
knowledge is generated through cycles of designing,
building, and experimentally testing experiential
prototypes in real life settings [11]. The consequence
of this approach is a first person perspective on the
design process. Designers perceive themselves as the
point of view from which they perceive systems and
products: we are a part of our designs [12].

2. Research goal

Since we are aiming to provide insight in how the
creative industry can help in tackling the challenges of
societal and commercial adoption we are zooming in
on the role of the designer. This designer is not a
traditional designer whose responsibility it is to style
the end product or an industrial designer who is skilled
in engineering. Instead, this designer should be
considered more as an “interpreter”; a person with
basic knowledge of the domains of textile, technology
and eldercare services. Because of the collaborative
nature of smart textiles, such as person can be the link
between the domains and society, the person who can
help to guide the applications towards societal and



commercial adoption. The goal of my research is to
investigate how designers can guide the multi-
stakeholder collaboration process towards societal
and commercial adoption of smart textile services for
elderly care and rehabilitation. The contribution of my
work for the wearable computing community will not
be found in the technological advancements. In fact,
this is the part where | have a lot to learn from this
community. | hope that my research approach and
research questions can offer a different perspective on
the process of developing wearable technologies and
will provoke discussion about the societal and
commercial adoption of applications within this field.

My starting point was in exploring the commercial
adoption challenge by bridging and finding common
ground between the companies. This was done
collaboratively with textile and technology companies,
and an eldercare service provider by exchanging
expertise and skills in workshops [10]. These activities
created the opportunity for the companies to find each
other and possibilities for collaboration within the field
of eldercare, and more specifically rehabilitation. For
the societal adoption challenge my goal was to explore
how designers can negotiate between their own design
vision, end-user requirements and goals of other
stakeholders, and accordingly set the frame for the
design process. By providing prototypes of initial ideas
the companies were able to articulate what they value
about the idea. For example, | developed the audio
fabric shown in Figure 1 as an example of how sound
and smart textile can be combined to make physical
movement exercises fun. An engineering company
recognized the pressure sensitive capabilities of the
fabric that they can use in curved surfaces. A producer
of non-woven fabrics saw new possibilities of their
semi-conductive materials, and the eldercare service
provider reacted on how and when they wanted to
trigger physical movement.

Figure 1 Audio fabric to stimulate rehabilitation
exercises with music.

3. Next steps

To explore societal and commercial challenges | am
continuing my research-through-design process on
three levels: collaboration, context and tools. The
group of collaboration partners is composed from an
electronics engineering company, a design agency
specialized in new business development, a textile
company with experience in medical textiles, an
eldercare service provider and an creative platform
with experience in testing new products in the care
domain. With a group of therapists and caregivers we
are iterating through research-through-design phases to
design, build and test new applications in the societal
context. To increase the quantity of prototypes, to
further integrate technology into fabrics and to tailor
the applications to the end-users we are investing in a
computerized knitting machine.

4. References

[1] T. Starner, “The challenges of wearable computing: Part
1,” IEEE Micro, vol. 21, no. 4, pp. 44-52, 2001.

[2] A. Schwarz, L. Van Langenhove, P. Guermonprez, and
D. Deguillemont, “A roadmap on smart textiles,” Textile
Progress, vol. 42, no. 2, pp. 99-180, 2010.

[3] “CRISP | Creative Industry Scientific Programme,” 2011.
Available: http://crispplatform.nl/.

[4] P. R. Ross and O. Tomico, “The Growth Plan: An
approach for considering social implications in Ambient
Intelligent system design,” in Proceedings of AISB09, 2009.
[5] L. Nilsson, A. Vallgarda, and L. Worbin, “Designing with
Smart Textiles: a new research program,” in Proceedings of
Nordes’11, 2011.

[6] B. Altakouri, G. Kortuem, A. Grunerbl, K. Kunze, and P.
Lukowicz, “The benefit of activity recognition for mobile
phone based nursing documentation: A Wizard-of-Oz study,”
in Proceedings of ISWC ’10, 2010.

[71 W. P. A. Widdershoven, “Qiki keeps you going, gently,”
in Proceedings of SIDeR ‘09, 2009.

[8] S. Bouwstra, W. Chen, L. Feijs, and S. B. Oetomo,
“Smart Jacket Design for Neonatal Monitoring with
Wearable Sensors,” in Workshop on BSN *09, 2009.

[9] H. W. Chesbrough, Open Innovation: The New
Imperative for Creating and Profiting from Technology.
Harvard Business Review Press, 2003.

[10] M. ten Bhdmer, O. Tomico, M. S. Kleinsmann, K.
Kuusk, and S. A. G. Wensveen, “Designing Smart Textile
Services through value networks, team mental models and
shared ownership,” in Proceedings of ServDes 12, 2012.
[11] B. Archer, “The Nature of Research,” Science, vol. 1,
no. 1995, pp. 6-13, 1995.

[12] A. Trotto, C. Hummels, and M. Cruz Restrepo,
“Towards design-driven innovation!: designing for points of
view using intuition through skills,” in Proceedings of DPPI
2011, 2011.



Application for the Doctoral Consortium at ISWC 2012

Marko Borazio, Embedded Sensing Systems, TU Darmstadt, Germany,
borazio@ess.tu-darmstadt.de

Abstract

Long-term monitoring for activity recognition gives the
possibility to derive characteristics from the data such as
daily activity rhythms, certain quality measures for the per-
formed activity or detect abnormalities in the data. Such
monitoring is applicable whenever patients have to be mo-
nitored who are not able to keep log of their activities, e.g.
patients that are living in their private home. The goal of
this work is to identify features in long-term data and assess
their value in regard to rhythmic, quality and meaning for
each activity performed.

1 Activity Rhythms

The PhD thesis explores the possibilities of detecting key
activities with a single sensor. The sensor is worn at the
dominant wrist and records inertial data over a long time-
span. Long-term monitoring is challenging, since the moni-
toring system has to be easy to deploy, should meet privacy
issues and generate accurate data. Some challenges were
already met in [1], where a deployable system is presented
and privacy concerns are addressed.

This research is focusing on nding daily rhythms, si-
milar as described in [2] and [7], where in both studies ac-
tivities are being modelled in order to identify similarities or
differences in the daily routine. In everyones daily routine
a very important activity is sleep. Since most phenomena
happening during sleep are still unknown, research in this

eld needs to be conducted in more detail. Traditionally,
sleep is examined in a sleeping lab where the patient has to
spend a few days and is being attached with over 20, mostly
hard-wired sensors while sleeping. Therefore, a new set-up
is desirable, which would take place not in a sleeping lab,
but at a users home, monitoring his or her sleeping activities
in the usual environment. Working together with sleep lab
specialists is therefore necessary, which is why a collabora-
tion with several local sleeping labs is in progress.

acceleration data

e i b

Figure 1. Accelerometer readings from a wrist-
worn device (top) are used to estimate sleeping
postures (bottom), for each night.

postures

2 Previous Work and Own Results

With regard to sleep, many products are available that
give information on how a user slept. Yet, these products
are either restricted to sleep only or are uncomfortable to
wear. An example for the latter represents the Zeo!, where
the worn sensing device is located around the head, mea-
suring the brains electrical activity. Sleeping trends gath-
ered by the headband are then displayed to the user. In [3] a
different approach is presented to display sleeping trends by
using sleeping postures, which are being detected by a KNN
(K-Nearest-Neighbour) classi er with an accuracy of 88%.
The postures are color-coded and examined over a longer
time-span, leading to a rhythm model with similar nights
visible immediately. A person has his/her favourite pos-
tures per night, meaning that whenever an exceptional night
occurred, this is visible in the model. From that, not only an
abnormal night is being detected, but a quality measure for
sleep is discovered through postures. Figure 1 displays the
sensor data of one night that was recorded and the postures
(ground truth and estimated postures) corresponding to the
data. This work has been presented at ISWC 2010 in Seoul,
Korea.

Monitoring people in their most private environment (the
bedroom) and gathering medical data often raises the ques-
tion of privacy. Therefore, the possibilities of recording sen-

ImyZeo: http://www.myzeo . com, last access 03/2012



sible data have been explored in [1], resulting in a privacy
policy that meets the standards for such data recordings in
Germany. In the course of that research, a recording envi-
ronment has been established, which consists of an infrared
camera that is used to record the ground truth for sleeping
events.

Different modalities are crucial to consider when mo-
delling a person’s night: the amount of motion, duration
of sleep and the falling asleep and wake up times. Inter-
estingly, these modalities tell us a lot about our sleeping
behaviour: the amount of motion is a quality measure that
when being elevated, indicates that a night was qualitatively
poor, which can also be observed when a person slept un-
usually less. All these information are used as a prior to
model a person’s night, leading to a classi er that can dis-
tinguish between regular and irregular nights. This work
was presented at Aml 2011 in Amsterdam, Netherlands [4].

Recently, results from a large-scale study were presented
at IHI 2012 in Miami, Florida [5]. Here, data from 8 dif-
ferent subjects (including 2 subject suffering from sleeping
disorders) were recorded with a deployable system, which
consists of the infrared camera and the wrist-worn sensor.
The subjects nights have been extracted by a HMM (Hidden
Markov Model) classi er with the accuracy of 95%. The
non-movement data of sleep was then modelled into a color
to visualize outliers in sleeping trends. Additionally, my-
clonic twitches have been researched, which are sporadic
muscle contractions by the extremities. These twitches are
an indicator for REM (the deep sleep phase) which can be
detected accurately only with a sleeping lab set-up. Pre-
cision and recall of 73% and 66% respectively have been
achieved for the twitch detection, which are very promising
results.

3 Future Directions

Since the sensor was mostly deployed among healthy
persons and lots of data from normal sleep has been
recorded, the possibilities of detecting abnormal sleep need
to be investigated. In a current collaboration with a local
sleeping lab, sensors have been given out to patients that
have to spend the night in the sleeping lab. Additionally to
the sensor data, the patients reviewed data that was recorded
with the sleeping lab equipment will be received, which
consists of the doctors diagnose, including sleep phases and
sleep postures. With this absolute ground truth, previous

ndings can be sustained and new sleep characteristics are
expected to be found by solely using the wrist-worn sensor.

Even sleep being an interesting topic, nding rhythm
data not only in sleep itself, but also in other activities is de-
sired. The rst step towards modelling daily rhythms of all
activities is to establish a rule on when activities occur. In-
spired by the work of Partridge et al. [6], activities from the

common German resident are being analysed. For this, the
German time-use database is used, which was established
by the national statistics agency, containing daily activities
of over 12 000 participants who kept diaries for three days
each. A rst analysis of the time-use data indicates which
features are useful for activity recognition, e.g. previous
performed activity or current location of the activity. Fea-
tures are also being combined to boost the recognition rate
for activities. The performance of activity recognition by
solely using information from the time-use database will be
compared to a system which uses the time-use database as a
prior in order to detect activities on inertial data. With such
a set-up, an activity model is being established which can
be used for further studies in activity recognition.

4 Expectations from ISWC DC

ISWC has a very strong history in activity recognition
and gives the opportunity to receive feedback from and ex-
change ideas on these topics with fellow researchers.

Discussions with other PhD students and specialists in
the eld of activity recognition and wearable computing
are being expected. This way, the possibility of establish-
ing new acquaintances is given which might lead to future
projects that are being researched in a collaboration.
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Abstract

Fashion represents a visual language that often leaves
people with vision impairments out of the conversation.
From the basic information of garment color to more
complex entities of outfit coordination, many aspects of
clothing are inaccessible for those who are blind and low
vision. With advances in wireless tagging technology and
smartphones, we are working towards replacing the
traditional clothing tag with washable smart tags that
provide a wealth of information in an accessible manner.
These smart tags can not only render the basic
information currently found on clothing tags accessible,
but also be used to make recommendations and inform
clothing decisions, making them universally beneficial
for those with and without vision impairments.

1. Introduction

Clothing is a visual form of communication, thus making
it inaccessible for people with vision impairments [2,5].
We began our investigation with a diary study with eight
visually impaired female participants (ages 21 to 73,
average 37.25) to explore fashion from their point-of-
view (only females responded to the study
announcement) [4]. Our participants’ vision abilities
varied including low vision, loss of vision at birth, and
loss of vision later in life. Even with the diversity of
participants we found there are many common
accessibility barriers, primarily objective (e.g., knowing a
garment’s color or care instructions) and subjective (e.g.,
knowing if garments coordinate or are appropriate for an
occasion).

Our participants expressed feeling at a disadvantage
because most everyone they encounter can see (and make
judgments about) their fashion choices but they do not
have a way to learn the norms and extremes of fashion.
They relied on considerable assistance from people who
are sighted, which can be frustrating since someone may
not always be available. Also, relying on the insight of
others reduces the opportunity for true self-expression as
their opinions have an undeniable influence.

Our participants stated they were not aware of any
assistive technologies for making clothing decisions and
expressed a strong desire to have something available.
This led us to explore existing technology solutions and
we conducted an online survey to ensure we were on the
right track. Twenty-two adults (11 female) completed the
survey, which focused on how participants make clothing
decisions and their interest in futuristic technologies.
Seven men and two women reported that they had some
form of vision impairment. We recruited individuals with
and without disabilities to keep universally accessible
design in mind [7,9]. We learned that clothing decisions
are often made collaboratively and that people would be
interested in having assistance with coordinating items in
their wardrobe and knowing the latest fashion trends.
With all of these findings we believe a smart tag solution
will fill a gap in the current technology landscape.

2. Related Work

Many new assistive technologies for those with vision
impairments are being embedded in clothes including
jackets, shoes, and glasses to assist with object detection
[1,3,10]. While these technologies have many advantages
they are simply using clothes as the shell for the
technology, not addressing fashion needs or as fashion
targeted for those with vision impairments.

With advances in wireless technologies such as RFID,
Bluetooth®, and ZigBee®, it is possible to create low-
cost solutions with wearable clothing tags that store
objective information such as the color, size, and care
instructions. Once accessed, this information can then be
used to make recommendations, provide instructions, or
inform decisions. Other researchers have implemented
such smart closet solutions and included algorithms to
assist with coordinating outfits but we have identified
some limitations with these technologies [6,11]. First, the
interactions are limited to closet hangers. Also, the
solutions are not accessible for people with vision
impairments as the output is displayed as images on a
computer screen. There is no mention of those with
vision impairments (or any other disability) in the design



considerations and the solutions presented do not appear
to have these users in mind. Lastly, the solutions are not
streamlined, as they require sitting at a computer to
access information.

In 2006 a proof-of-concept device called “Closet Buddy”
was created with a similar goal of being accessible for
people with vision impairments [8]. This system had
many hardware limitations that made it difficult to use
and sustain. For instance, relying on prerecorded
messages rather than a screen reader due to limited
processing power in the PDA. A streamlined, real-time
solution is possible using current devices and though
technology continues to evolve, smartphones have
revolutionized how we access information and we
believe are the key to a sustainable and usable system.

3. Current and Future Work

Clothing tags are inaccessible and dated — they itch or
fade, are written in extremely small print that is difficult
for those who even need reading glasses to see (let alone
someone with a vision impairment), and the information
they convey is limited. We propose the use of smart tags
as the new clothing tag. Our vision goes beyond past
work that instruments dressing rooms, such as The Magic
Mirror [13], by making a mobile solution that works
virtually anywhere. We feel that small, passive, washable
tags sewn in a garment offer many solutions to make
clothing accessible and are exploring new applications.

We are currently developing a prototype to link basic
information (color, pattern, fabric, size, and care
instructions) to an RFID tag. This information will be
read using an Apple iPhone, which is pervasive in the
Blind community [12]. When a tag is scanned, the
information will be rendered using both a spoken and
visual output to ensure universal design. We will pilot
our system in the wild with users of varying visual
abilities. We hypothesize this solution will have a great
impact for those with vision impairments but also may be
beneficial to people who are sighted including those who
get dressed in the dark (perhaps to not awaken significant
others and family members). Understanding not everyone
has an iPhone we will also explore other smartphones as
well as cost-effective independent reading devices. We
will also explore adding more information to the tags
including clothing style and price. This will further assist
users with vision impairments while shopping and
choosing an outfit.

Building on this implementation, we will explore how we
can make other people’s fashion accessible to those with
visual impairments. We envision a reading device can be
used to gather information about someone nearby and
make the information one would see visually (such as

fabric color and clothing style, but not size or care
instructions) accessible. In addition to helping people
understand fashion trends and personal expression it can
also serve the practical purpose of identifying uniforms
such as policemen. We are also interested in building a
system to both read and store information about what
others are wearing to inform purchasing decisions.

Lastly, we are interested in building on past work to
develop algorithms that make suggestions for
coordinating garments. This was a top request in our
online survey and would assist many users in getting the
most out of their wardrobe.

Ultimately these smart tags can become a new pervasive
technology that significantly levels the playing field for
those with vision impairments and adds new features and
functions for everyone’s benefit.
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Abstract

Electronic textile (e-textile) is a promising technology
to develop novel methods for imperceptible body
monitoring. Body monitoring devices are highly used in a
large variety of application, from health care to sports.
The noise introduced into the signal of a wearable sensor
due to slippage or movement of the garment housing is
frequently acknowledged as an important barrier to
successful long-term ambulatory monitoring. Garment
movement as a noise source has not been studied in
depth. In the investigation presented here, | use controlled
experimental garments and a humanoid robot to precisely
evaluate the movement of garments with specific
parameters over the body surface. Specifically, |
investigate two sources of error: repetitive garment
movement error due to garment ease (difference in
circumference between body and garment dimensions),
and repetitive garment movement error due to differences
in textile properties (weight variations of an identical
fiber content and weave structure). Because the problem
here is unexplored, my approach takes an exploratory
direction. 1 find some early observations about the
influence of garment size and textile composition. A good
deal of further research is required to better characterize
these important variables.

Introduction

Garment-integrated sensors may be among the most
pervasively acceptable or comfortable sensors, yet they
often experience the most noise due to comfort variables
that may be directly at odds with variables that optimize
sensor performance. Discovery of the noise variables of
wearable sensor measurements is crucial to overcoming
this obstacle. The error itself is influenced by the
movement of the garment over the body surface, but may
also be corrupted by other external factors, such as
donning and doffing, that are independent from the
garment properties. Dunne [1], underlines the significant
effect of garment movement on sensor performance,
identifying the major variable of garment slippage and re-
positioning as the error source to analyze in more detailed
future research.

Perceptibility of the user is also a crucial aspect to
consider, because for instance a user with an odd-looking,
bulky, or burdensome device may compromise his daily
life, degrading quality and therefore reliability of the data
that for example are being collected for medical
applications, such as body pressure monitoring or ECG
signal analysis. Costa et al. [2], shows that an
uncomfortable or attention-demanding device can change
the behavior of a patient, with the result that the collected
data does not reflect the normal lifestyle. Thus,
unawareness of the user wearing an e-textile garment has
a strong impact in the quality of the collected data.

Experiment Setup

The experiment setup presented here is the one
adopted in our earlier works [3, 4, 5]. The objective of our
experiments is to analyze the garment movement of a pair
of pants during a walk/run. The test garments were all
constructed wukpi"c"eqooqgp’ ftchvkpi rtgegfwty"hat" ogplu
trousers, over 5 Fkihgtgpy'uk! gu<"3N'kpetgeug'cv'ycku'cp ' jkr
circumference for each successive size; this increment was
vergtgFFayp'vg'c" , N'ektewohgtgpeg'kpetgeug'cv'vjg'cpmg'vg
maintain the garment style. 5 fabrics with different textile
properties were tested.

We utilize an IR motion capture system based on retro-
reflective passive markers which collects position samples
on a 3D coordinate space (X,Y,Z), with nominal
frequency of 60Hz. Two parallel experiments are
conducted: 20 markers are strategically placed on top of
pants worn by a mannequin constitute of an electronic
skeleton that is able to reproduce a human run; using the
same marker location but on a skin tight suit, a spatial
reference for each marker, at each time instant, is defined.

Experimental Approach

Data analysis is done per gait cycle. The periodicity
property allows us to extract all gait cycles available in
the experiment, along X, Y, and Z coordinates. The
approach used to first extract and then align the gait
cycles of the skin tight suit and pants experiments,
overlaps samples over the same relative position within
the gait cycle of body and pants cycles, where the
reference position for defining the cycles is detected



corresponding to the peak value of a reference marker.
The sample relative position in the gait cycle is easily
determined by considering the fact that we have a
constant sampling rate, therefore equally spaced samples,
and that the reference marker used for the alignment is
only affected by small precision error, due to the camera

capture capabilities limitation.
Once that the gait cycles of duration T are determined
and correctly aligned, the Euclidean distance mean
, later called as Euclidean error, for each Marker

on pants " ' ", and on body
, ; ", is computed at each time

instant by averaging overall cycles,

i moonon n_ "o

Formula (1) is a sample by sample average over all the
gait cycles. We are interested in characterizing how the
average Euclidean error is distributed in the different
body locations. Thus we compute the average Euclidean
error over the gait cycle for each marker , by
averaging again over all samples in the gait cycle, as
shown in the following formula (2)
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Results

After extracting positioning and drift error from the
marker traces [5], we were able to evaluate movement
error alone.

l. Movement Error

Analysis of all 20 markers for 5 sizes of 5 different
fabrics yielded unwieldy and noisy results. To simplify
this analysis, markers were grouped by vertical levels
(i.e., 2-6 waist level, 7-11 hip level, 12-14 thigh level, 15-
17 calf level, 18-20 ankle level) according to their body
location, and Euclidean distances were averaged over
different fabrics of the same size. We have found a
repeated pattern, shown in the following Figure 1.

Increasing the sizes, we notice that the Euclidean
distance between same levels on skin tight suit and pants
increases almost linearly, for all levels. An analysis by
level for each of the fabrics allows finding consistent
pattern between sizes, with the larger sizes that show
greater ease.

These results are still general and do not reflect the
variability of the entire gait cycle. We believe the
approach adopted may be a promising direction for future
kpxguvkicvkap' ngqamkpi” oqtg" enqugn{" cv" vjg"' Btgockpkpil"
noise after that positioning and drift error are taken out.

mean by level averaged over 5 fabrics for all 5 sizes
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Fig 1. Average by level over 5 different fabrics for all 5
sizes (markers 5 and 6 were corrupted)

Conclusion & Future Direction

The mocap data collected and analyzed using the
method presented above are laboratory data. Even the
instrumentation and method adopted are confined to an
experimental setup. We are currently developing an
alternative approach based on stretch sensing for
translating and comparing the mocap data with real
sensors data. The idea is to organize the stretch sensors in
a regular structure, such as a grid, and then correlate the
information given by each sensor in order to evaluate the
entity of the garment movement.
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Abstract

Emotional state of people affects the quality of
their social interaction. If your friend or colleague is
angry at the time of interaction request, you can
expect to have negative response from them. This
research aims to provide methods for mobile device
users to know how their friends feel right before the
interaction. Previous emotion recognition methods use
additional sensors to sense the emotions of people. In
my research, | use typical on-device sensors to
measure usage behaviors of a mobile device for
emotion recognition. Information about the emotional
states of mobile users will be used to develop new
methods to facilitate mobile social interaction. This
study will contribute to developing a general
methodology for recognizing emotional states  of
mobile users from only the usage behavior of the
device by using common sensors on mobile devices.

1. Introduction

Any challenge experienced due to an obstacle in
everyday life affects the quality of our interaction and
might cause the elicitation of certain emotions.
Emotions are reactions to the challenges and
encompass complex expressions of which components
are affective, physiological, behavioral and cognitive
ones [1]. Emotional expressions are the implicit rules
in human-human interaction and they support the
communication by clarifying, stressing the message
and confirming or disapproving the message using
emotional expressions[2]. For instance, people can
understand how a person reacts to what is said looking
at the face of that person.

Mobile social interaction tools provide a
communication medium with friends and are designed
for improving users’ social relationships. Although
current mobile social interaction tools are able to
support the sharing of message in different types, they
do not allow you to know emotional state of your

friends right before the interaction. Learning
emotional states of people that you want to
communicate with can give you to best select how you
would like to interact with them. For instance, if your
friend is angry now, you may wait until they are happy
for an interaction.

This study aims to improve mobile social
interaction tools utilizing emotional state of mobile
users. Also, users’ concerns, and preferences to use
that information with other people are other goals of
the study. Following sections presents an overview
about emotion recognition techniques and studies
related to my research in the literature.

2. Related Work

Emotion recognition takes interest of a high
number of researchers from several different fields
including Human Computer Interaction (HCI). Current
solutions in emotion recognition area mainly use the
techniques that analyses facial expressions, voice[3],
body and posture, and the change in physiological
values in the body using wearable sensors[4]. Those
methods are strictly tied to laboratory settings, as they
require high computing power. Also, some of them
require additional sensors attached to skin, which is
not feasible to use in everyday experience. On the
other hand, there are some studies in the field that
analyses usage behavior of personal computer[5] and
of mobile device to predict users’ emotional states[6].
One of the advantages of those methods is that they do
not require to use additional sensors or some
embedded devices.

Mobile users’ personality and mood affect the
usage of mobile device. A recent study highlighted the
difference between extrovert and introvert users[7].
That usage difference might be due to tendency of
those users in the expressions of emotions. Also,
moods, as being long-term emotional states, causes
some differences in the usage patterns of mobile
devices [8].



3. Methods

This research aims to develop methods to sense
emotional states of mobile users and find useful ways
to integrate the information in social interaction tools
to support mobile users’ social interaction. To achieve
this task, | developed an approach that includes two
basic steps:

Step 1: In this step, my aim is to develop a helpful
method to predict the emotional states using on-device
sensors. | chose Iphone as the mobile device. To
recognize users’ emotional context, | use
accelerometer and gyroscope for movement and
rotation analysis of usage behavior and touch sensor in
the device for the analysis of finger-based selection
and usage. | will perform feature extraction from
sensor data to describe mobile device usage in an
effective way. Also, to discriminate the location-based
change in emotional state of the users, I will GPS and
Compass data. Emotions to be recognized are the ones
universally acquired by every person. They are happy,
sad, disgusting, anger, fear, surprise and neutral.
Different machine learning algorithm will be tried to
find best one for the emotion recognition task.

Step 2: In this step, | will develop new mobile
social interaction methods that enable to learn enough
information about how your friends feel now. To do
this, 1 will analyze how much people are willing to
share their emotional states with whom and to what
degree. My aim is to provide some helpful information
for the people who want to learn what their friends
feel right before an interaction. So, it means that the
interaction tool can also enable mobile users to control
the form of sharing that personal information.

4. Results

I have already achieved to develop a mobile social
interaction tool to collect emotion-tagged sensor data
from mobile users. If the user feels a certain emotion,
s/he self-reports the emotion. | continue to collect
related data and perform some pre-analysis for feature
extraction from the sensors data. | aim to complete
Step 1 of the study in the next month (April 2012).

5. Contribution to Mobile HCI

This study will contribute to the knowledge in
mobile HCI field from two sides: First, it includes the
development of a new method for the recognition of
emotional states of mobile users. This method will
only use on-device sensors for the emotion
recognition. Second, my study includes the
implementation method of emotional state in mobile
human computer interaction. | will develop new

methods that support emotional state sharing by taking
the concerns of mobile users. So, my study will
increase the understanding of mobile users’ concerns
on sharing emotion data.

6. Conclusion

In this paper, | presented the limitations of mobile
social interaction methods and how emotional state of
mobile users can improve the interaction. Also, |
stated my general method to sense emotions of mobile
users and integrating that information to mobile social
interaction tools.
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Abstract

Social situations can be difficult for shy people. Computer-
mediated communication (CMC) technologies have been
reported as helpful to shy users, but can also encourage
withdrawal from face-to-face activities. The current research
investigates the benefits of ubiquitous computing and slow
technology by designing wearable computing devices which
can be integrated into face-to-face activities and help increase
comfort for shy users. Initial proof-of-concept prototypes have
shown potential; testing with self-reported socially anxious
subjects in a speed-dating environment resulted in 73%
identifying the shirts as helpful to their meeting with strangers.

1. Introduction

People have the need to belong and be socially accepted
but those who suffer from shyness have an additional barrier
to achieving this. Their lack of interpersonal skills (e.g. lack of
conversational abilities) and intrapersonal (e.g. excessive self-
conscious) are constructed around a negative mental state —
thinking and displaying oneself as socially incompetent when
faced with situations requiring interaction with others.
Therefore, they often leave a negative impression on others
causing them to withdraw efforts in social interaction. This
process forms the anxiety-inhibition cycle, which influences
negative anticipation — fear of being rejected by others and
being embarrassed by his/her own actions. [1]

1.1. Relevant works

Various forms of online CMC have been reported
facilitating social relationships and as being more attractive to
shy users due to their asynchronicity and reduced social cues.
[2] However, this also allows for identity distortion, unrealistic
expectations for relationship development, and withdrawal
from face-to-face activities, making sociability in the real
world harder for shy users. [3-4]

Context-aware, ubiquitous and wearable computing have
been wused to enhance user interaction with both the
environment and other users. Previous research such as [5-8]

have been intended to facilitate face-to-face communication
using some forms of wearable sensor network (WSN);
however, none so far have combined context-aware systems
and wearable social computing so as to support socially
anxious and low interpersonal skilled users.

2. Approach

Social situations are dynamic and cognitive overloading in
shy individuals is common due to excessive consciousness of
being judged when coming into contact with others. The
current research investigates ways of integrating some of the
benefits of CMC into real-world social interaction while
attempting to reduce this overloading, via the development of
subtle and unobtrusive interfaces based on two design
principles. One is calm technology: a design that engages
user’s attention at either central or the peripheral areas (the
places where the human mind moves back and forth), at a time
[9], thus may reduce information overwhelming in users’
mental processes. Another is slow technology design that
values reflective experience and promotes users’ mental rest in
rapid changes of environment. [10] In this, it shares
similarities with Chalmers et al. [11]; in that both seek to
understand problems relating to social anxiety in shy
individuals using the advances of ubiquitous computing.
However, the current research is set without demanding a
conscious effort from users and aimed at reducing cognitive
load and giving the user more background access to
information. Specifically, the proposal here is to use a context-
aware system together with a WSN environment, promising
characteristics of ubiquitous computing that enable pervasive
access to information. These may provide a useful technique
to identify users’ position and their ‘contexts’ e.g. alone or
close to others in the network; and thus allow the system to
transmit specific information to assist their conversation with
other and reduce perhaps cognitive load according to the
change in the ‘context’.

3. Method

As a preliminary part of a research programme into
techniques for adaptation of social behaviour in individuals



who self-report as socially anxious and consider themselves to
have low social skills, four prototype T-shirts have been
developed with unobtrusive interfaces (i.e. handshaking — a
natural switch for controlling data exchange — and soft-circuit
information display) and tested with socially anxious subjects.

Using CMC together with the essence of ubiquitous
computing and wearable design - that naturally place
technology in the user environment prior to the reflective
experience of the user — we examine to what extent
unobtrusive interface and unconventional use of technologies
can enhance the effort of the user to improve social skills
when faced with situations requiring interaction with others,
and perhaps lead to more meaningful relationships in the real
world.

3.1. Prototype

By leveraging online social network information (e.g.
Facebook and LinkedIn) on clothing, the first version of
prototype lIcebreaker T-shirt is designed to be worn in real-
world social events and make social contact easier. Radio
frequency identification (RFID) technology is used as a
control system for exchanging wearer’s identity. When both
shake hands, each shirt indicates their social relationships via a
textile-based display (conductive thread and heat-sensitive
paints), increasing a sense of familiarity and helping select
new acquaintances (i.e. potential friends, partners, colleagues,
participators) while maintaining the naturalness of the social
interaction, as well as the comforting property of clothing.

3.2. First test

Using empirical method to compare user’s behaviours we
asked each of 11 testers (recruited with a customised
questionnaire extracted from The Henderson/Zimbardo
Shyness Questionnaire') to participate in two speed-dating
sessions: with and without the shirt. Both sessions were video
recorded and used to evaluate the shirt’s capability to increase
comfort and generate topics for conversation. These results
were used together with feedback given by the testers via a
post-experiment questionnaire. 73% of testers reported that the
shirt was helpful to meeting with strangers. One said: “It gave
a sense of having something in common to begin the
conversation, something we both were interested in. Whereas
when we didn’t have the shirt, | felt we were only trying to
make small talk.”

4. Conclusion

Although the sample tested was small, and the technical
justification process less sophisticated than that of the
literatures reviewed, our first experiment underlines some
problems and potentials of the chosen technologies for
improving interpersonal skills of shy people. Taking the

1 .
An index to resources for shyness, http://shyness.com/qa2.html

current approach a step further, a more sophisticated
experiment with shy users is currently being developed. The
experiment is based on the same hypothesis but uses a second
version of the T-shirt — replacing the handshaking method for
exchanging users data with proximate distance enabled by
mobile adhoc WSN positioning method. Thus the number of
participants in each test group can be extended from two to
four or larger. This implies a more realistic and professional
social situation, rather than a speed-dating environment
simulated in the previous experiment. Qualitative and
quantitative considerations of test subjects’ body language and
conversation content, together with time spent before starting
and during a conversation will inform the efficiency of the
technology and technique. The outcome will be used with
feedback given by subjects via questionnaire and compared
with the data collected from the test of first version prototypes.
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Abstract

This inquiry is a practice-led cross disciplinary
exploration utilising sensors, embedded technology,
wearables, and sound to produce multi-media
installations, performances and compositions. The
investigation will address social and theoretical
discourse and debate on the feminine ideal, body
image, identity and body modification. Drawing on
Social Comparison Theory and Self Schema Theory,
[5] [2a] the relationship between media exposure of a
feminine ideal, embodiment and body image self-
discrepancy, will be extracted and transposed through
artistic practice. Using the metaphorical language
associated with clothes and gesture, new meaning,
processes, methods and original artifacts will be
created by implementing existing digital media and
music technology, with emergent technology; in
particular fashion technology.

Through engaging and interacting with the works,
participants, observers and practitioner(s) will gain a
greater understanding of how the media, social and
cultural issues can impact on the female body.

1. Introduction

Women are increasingly experiencing higher levels
of distorted body image [2b], placing self worth in the
context of their visual appearance. Femininity and the
“self” is no longer embodied, Shields and Heinecken
[13] suggest that “[...] embodiment is achieved
through striving for the ideal feminine form”. Bordo
[8a] states “With the advent of movies and television
rules for femininity have come to be culturally
transmitted more and more through the deployment of
standardised visual images”. Who sets these rules? As

suggested by Thesander [15a] the female ideal is ever
changing to conform to prevailing contemporary views
of women; it is a reflection of the culture we live in.
“The corset, the bra, the roll-on-girdle, body building
and cosmetic surgery are various forms of artifice used
to alter the body” [15b]. As Bordo [8b] suggests, “The
body may operate as a metaphor for culture”. In
today’s society, it is no longer class which sets the
female ideal, it is enforced by an artificial package of
beauty, in the form of images of anorexic celebrities,
perfectly molded and sculpted actresses and air
brushed models. Embodiment has become embedded
in the need to continuously transform to keep up with
the current ideal, and the woman who strives to
constantly change her identity to fit into the current
ideal, loses her “self”[12].

Bolton suggests, “All clothes have social,
psychological and physical functions” [3]. The types of
clothes and the way in which they are worn provide
meaning, that meaning is open to analysis and
interpretation. Meaning and interpretation is not only
through a garment, it can be seen through cultural and
social association with a particular garment [1]. We
judge people by their bodies and we change our
behaviour and “learn our identity” [4a] through others
reactions to our bodies. Bodies are for most of the time
covered, concealed and sculpted with clothing,
providing both a physical and psychological shield
from external environmental elements, and social
expectations and rules. The structure of a garment, and
the way it fits on the body can impact on physical
movement, this movement can be interpreted as
gesture; it can be seen as a method of conscious and
unconscious communication. Finkelstein [4b] suggests



that the clothed body is easier to read, therefore
through clothing the body can be modified, and
identity can be created or altered to suit a particular
emotive state.

2. Related works

Works such as “Bubelle” [11] (The Blushing Dress)
uses Philips Skin Probe technology to demonstrate
how technology can be used in an emotive context.
Similarly, integration of electronics, and smart fabrics
are implemented in the “Intimacy” [7] project, which
utilises foil materials to construct dresses. Through
interaction, the dresses become transparent to reveal
the body, the level of transparency dependent on how
close an observer is to the dress. The “Printing Dress”
[10] can also be seen to reflect on intimacy, social
identity and communication, by enabling the wearers
thoughts to be displayed on the dress. The work by
Stead et al. titled “The Emotional Wardrobe” [14a]
suggests that clothing can represent a range of human
emotions through the use of integrated technology.
They suggest that this extends to representation of the
“self” by “[...] creating a narrative between the body,
garment and society” [14b]. These examples
demonstrate the possibilities of transposing emotion,
intimacy and communication through metaphor and
technology. In the context of the inquiry, a garment
that forms part of an interactive experience, or a
garment that changes aesthetically in harmony with the
body, can be seen as a tool of communication. This
tool can be used to metaphorically transpose the
emotions held within that body. Emotions are
influenced by external social factors, such as high-level
exposure of a thin feminine ideal, and as studies show,
this exposure and aspiration to attain a feminine ideal
can account for body image discrepancy [9].

3. Methods

Traditional research methods and paradigms have
historically informed research on practice [6a], with
practice viewed as an object of study, not as a method
of research. There are new and emerging approaches
for the creative researcher, and the difference is that
they lead research through practice [6b]. A hybrid
methodology will be defined, enabling new methods
and processes to take shape. The submitted exegesis
will be supported with digital media, to reflect the
processes and practical work undertaken.
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Abstract

This study aims to evaluate whether placing the user
conspicuously within an ‘Open design’ process can
challenge ‘technology push’ mechanisms that currently
marginalise users and potentially hinder mainstream
adoption of Wearable Technologies (WT). It takes a
socially deterministic approach to WT. Whereas WT has
been hyped as the future of fashion; this research
proposes fashion (when seen as an agent, representative
of fluid social and aesthetic meaning) can, conversely,
guide the design of WT. This paper briefly presents the
contextual analysis that informed the research position;
introduces the social concepts of ‘coolness’ and
‘connectedness’ being investigated; outlines the mix of
primary research methods; and offers some initial
supporting insights into the motivations of WT
‘user/makers’.

1. Introduction

Despite the human user being the central component
of a wearable system, to date, the user has rarely been
visible within WT development. Technology push into
very niche or novelty application areas [7] has left users
marginalised. There is growing recognition that a design-
led, need driven and only technology anchored
process [12] could deliver both socially and
commercially meaningful WT. A new wave of
enthusiasm for WT, triggered by smartphones and mobile
apps, needs to be channelled towards mainstream
acceptance and away from a valley of disillusionment.
This will not only avoid commercial losses but safeguard
research and development structures around future WT
[9]. Consideration to the why rather than the how has
been given to WT [2,8] but partial evidence indicates that
aesthetic and consumer concerns are still given much less
attention by the academic WT community [5]; thus
generally overlooking the social commentary inherent in
radical fashion design [13] which will impact consumer
acceptance of WT.

2. Context Analysis

A thorough review of existing technologies and
products suggested that, by not contextualising new WT
tightly in terms of existing product genres, or narrow
functional  applications  suggested by technical
capabilities, some acceptance barriers could be
surmounted. By considering perceived benefits that an
on-body system could deliver, a framework was derived
based upon broader needs for: Body Performance, Safety
& Protection, Mental Stimulation, and Communication.

Body adornments communicate as signs, e.g.
indicating the sex or social status of the wearer, but the
physical form has no inherent meaning. Recent
considerations of fashion as material culture [11] have
partially reclaimed agency for fashion objects and so
fashion can be considered as the outcome of a
precarious marriage between the processes of creative
authorship, technological production and cultural
dissemination [3]. This cultural diffusion occurs as we
conspicuously consume [16] symbolic values in an
attempt to furnish our personal identity [14] and thereby
establish our social status. Digital communication tools
increasingly enable us to construct and display personal
identities and group affiliations online. Thus, exhibiting
social connectedness is a common communication role
of both fashion and mobile internet applications.

Technology acceptance has generally been discussed
in functional terms of usefulness and ease of use [6]
but cultural tastes [1] are increasingly being considered
legitimate factors. Visual design plays a significant role
in increasing desirability or coolness ; arguably
contributing to the perceived usefulness of a fashion
object, given that one of its primary purposes is to
increase the perceived social status of the wearer.

3. Conspicuous Creation

Leaving room for user adaptation and personalisation
is an expanding movement within current design practice.
Open design facilitated over diffuse communities via



digital media, based upon shared knowledge and
reciprocity [15], has the potential to more closely align
products with individuals needs and desires. Open
design has fashion heritage within the home dressmaking
tradition and there is a visible WT DIY community [4],
suggesting fruitful mutual ground for exploring a user-
centred design process, i.e. conspicuous creation.

4. Research Goals & Methodology

The main and sub research questions are thus:

Can putting the user at the centre of an open design
process, facilitated by digital media and tools, improve
the development of meaningful WT that are ripe for
mainstream adoption?

How relevant are user research outputs within an open
design scenario where the designer/user overlaps?
Can aspects of fashion be deployed in an open
design scenario to increase acceptance/desirability of
the WT outcomes?

What digital/social media tools can facilitate open
design for a product category that crosses diverse
disciplinary backgrounds?

Primary research is participatory: researcher is both
facilitator and actor in the process. Based upon a co-
design loop, research falls into three areas with
associated research tools, connected by a pilot digital
platform to enable interactions between users and
designer/makers and free flow of design info. (Figure 1).

Situation
Inspiration

Generation
Production

Utllisation
Evaluation

W cesigrey/makers

Figure 1. Switching & Stitching research methods
4.1. Curiosity-kits — Example Research Method

To generate situational and inspirational input for open
WT design, cultural probes [10] are being deployed
within two target user groups. Labelled curiosity-kits to
increase participant appeal, these ethnographically-based,
task-filled tools are being custom designed to explore
connectedness and coolness in mainstream contexts.

5. Initial Insights

Surveys conducted with two WT maker groups
revealed that motivations are equally about making for
others as for self-use. Most respondents used online
resources for WT (predominantly for technical info and
sourcing). A vast majority was positive towards
developing WT via an online collaborative network but
few were currently sharing their own projects in this
manner. Findings support the hypothesis that providing
research/design inspiration derived from user research
will expand user/makers design thinking to include
broader needs/desires of others , potentially leading to
more universal applications. They also suggest an
opportunity space for aesthetic, human centred design
knowledge within online design communities.
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An Exploration of Multifunctional Woven Electronic Textiles by Design
Practice

Priti Veja
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Abstract

This paper presents a design research approach to
exploring woven electronic textiles (e-textiles).
Weaving methods are pushed and manipulated through
the design of the textiles to fully exploit their potential
and make modular multifunctional soft circuits through
interactive complex one-piece structures on the loom.

1. Introduction

Textiles are an ideal medium that can fit the
transition of hard technology onto a more familiar soft
substrate. E-textiles are an area of increasing interest in
recent years due to their potential applications such as
in wearable computing/ technology, responsive
personal environments and other product end uses [1].

E-textiles are still an evolving area of development
that aim to truly integrate electronics into and onto
textiles; ultimately striving to fuse the two areas
together to enable functioning e-textile products [2].

The developments of e-textiles have faced
challenges to make them the ultimate desired flexible,
robust and fully functional material [3]. Using a design
approach to make woven e-textiles from a creative
perspective may help realise alternative approaches.

2. Research Intentions

This research is an experimental enquiry of e-
textiles materials development through hand woven
design practice. The research adopts a design approach
to constructing woven soft circuits. The design process
follows a creative channel that attempts to give equal
authenticity for the design and function; thus sees both
as significant drivers producing innovative e-textiles.
Drafting concepts through sketching, prototyping and
circuit testing is vital to the end designs that are
translated into complex woven structures.

Through integrating electronic components via the
weaving process with the use of conductive yarns,
responsive and adaptive woven e-textiles are produced,
whilst pushing the boundaries of traditional weaving
methods. The intention of the research also extends to
enhancing and advancing the progression of e-textiles
by more considered design through woven structural
manipulations that seek to utilise their full potential.
Modular formations have been employed as a design
format for the e-textiles, as these will be used to
configure multiple modules that can operate as
independent units or in sequence in a modular system.
The modular design provides adaptable and
multifunctional textiles for a variety of end
applications. The modules will be applied in
workshops to enable participant engagement through
exploring self-creation of e-textiles artefacts.

3. Methodology

The weaving method forms the main making activity;
however, the research is directed via a design process.

3.1. Weaving Process

Weaving is a form of constructed textiles where the
process involves a warp (the vertical threads) and the
interlacing of the weft (the horizontal threads). There
are a vast number of established woven structures
already used in woven textiles; each producing a
different surface texture, aesthetic and tactile quality.
The weaving processes implemented to make the e-
textiles in this research are woven by hand on a 24
shaft Arm Patronic dobby loom. Each warp draft is
exclusively designed so that it is suitable to execute the
type of woven cloth required. The loom is set up by
hand and weft yarns are selected depending upon the
tactile quality needed. One method of manipulating the
weaving process is to weave multilayer cloths
simultaneously; when two layers are woven with this



technique, this is known as double cloth (Figure 1.).
Using block draft threading plans and applying woven
double cloth structures enables predetermined sections
of the cloth to control and interact between layers,
making isolated (woven pockets) or exposed areas.
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This method is heavily applied to much of the practical
output to allow for better integration of electronic
components.

3.2. Design Process for E-textiles

For this research, the making of the woven e-textiles
follows a series of design process stages; from initial
concept through to woven executions that are
instigated and are crucial to the final outcomes.
Inspirations for the form and function of the textiles
are sought and used to translate through to the ideation
process, that organize and formulate a breakdown of
ideas to take forward into sketching and making paper/
fabric prototypes. The prototypes help to envisage the
physical forms of the textiles and the complexities of
the electronics integration that are then circuit tested.
Woven structures are designed and planned to suitably
fit each part of the e-textile that are executed via the
weaving process. The end samples are tested and
analysed, where the results are also used to inspire and
reiterate for further sampling.

4. Current Findings

The research has successfully created functional
woven e-textile soft circuits (examples in Figure 2.).
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These are preliminary samples, but have offered a
foundation to build and develop further that will help
to strengthen into more sophisticated outcomes. The

ability to use woven methods for interactive e-textiles
that are able to react has proved to be possible. Woven
manipulations techniques have enabled the integration
of some electronic components (both standard and e-
textile tailored components) during the weaving
process, whilst also allowing to imitate electronic
circuit behaviours simultaneously (i.e. soft battery
holders, soft switches, connectors and resistors).

5. Discussion

Challenging existing weaving methods have produced
a collection of e-textile soft circuits. Analysis of the
experimental e-textiles outputs are implemented back
into the design process to improve on and translate to
build designs for further transformable and modular e-
textile configurations. These samples are used as
drivers to direct the next sampling range, which are an
ongoing process to simplify and manipulate woven
techniques that are suitable for e-textiles. Each
collection seeks to improve and challenge novel
approaches and functions of woven e-textiles.

E-textiles have vast application in future products.
As new technologies and interactive connected
products are becoming popular amongst users, this will
see more e-textiles being applied to these products.

6. Future Direction

The modular e-textiles will be applied to design
research workshops with designers and laypersons to
evaluate their design through an exploration of self-
creating modular objects, and as probes to suggest
appropriation for potential contexts of use. This would
open dialogues of context for specific applications of
woven e-textiles for future expansion of this research.

Future research will continue to work through an
experimental design-focused process to develop more
advanced woven e-textiles, on larger scales, with
complex weave structures to progress them onto power
and jacquard looms for potential commercial weaving.
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An Introduction to prototyping with the Arduino for Computer Scientists

Ross Travers Smith
University of South Australia
Wearable Computer Laboratory
ross@r-smith.net

Abstract

Developing electro-mechanical prototypes is a powerful
skill set that allows researchers to uncover new ground by
creating devices that are not commercially available. To-
day, powerful micro-controllers have become low cost and
are very accessible to a broad audience. The goal of this
workshop is to introduce the Arduino micro-controller to
both beginners and those well versed with other micro-
controller platforms. The Arduino micro-controller is a sim-
ple open source hardware platform with a low entry level,
making hardware prototyping easily accessible to those
without electronic engineering degrees.

Attendees will use a Sparkfun Inventors Kit to make their
own powerful electronics circuits that are particularly well
suited for building prototype devices. The Arduino Inventor
kit comes will all the components to make your own hard-
ware designs including features such as ashing LEDs, con-
trol of a DC motor, driving a servo, sounding a buzzer, de-
tect light levels, measure bends with a ex sensor and more.
All using a USB interface for both power and data commu-
nications so that no additional batteries are required.

The session will start with a short introduction to the Ar-
duino features and capabilities, followed by an interactive
workshop to set up the Arduino development environment
on the attendees‘ own laptop. Following this you will work
through projects from the Sparkfun Inventors kit with the
option to begin a project of your own hardware design. Fi-
nally, a short presentation will describe Arduino add-ons
available that can be employed to further expand the func-
tionality of future prototypes.

1. Outline

Objectives
Introduce the Arduino Micro-controller platform
Set up the Arduino software development environment
Complete Inventor Kit introduction projects

Begin development on self directed project

Signi cance
Arduino‘s are accessible and have a low entry level
Provide a powerful, generic and modular platform
Platform independent programming and integration
Provided in a variety of form-factors

Target Audience
No existing experience in micro-controller or embed-
ded development required
Basic computer programming knowledge is desirable
Those familiar with other micro-controller platforms
other than Arduino

Agenda

Introduction to the Arduino presentation (.25 hours)

Set up Software Development environment (.5 hours)

Working through hardware tutorials (3 hours)
Flashing a LED light
Reading from a Potentiometer to Laptop
Measuring Light Level using a photo cell
Driving a DC Motor with a transistor

Time for self directed project designs (1 hour)

Summary of Arduino Shields (.25 hours)

2. Biography

Dr Ross Smith is the Deputy Director of the Wear-
able Computer Laboratory and a Research Fellow at the
University of South Australia with a passion for develop-
ing electro-mechanical prototypes to support new forms of
human-computer interaction. His research strengths include
deformable surfaces, spatial augmented reality, input device
hardware development and user interface design. His vi-
sion is for a method of computer interaction that employs
deformable devices that can be squashed, twisted and ma-
nipulated to create a rich set of gestures to support new form
of human-computer interaction.



Clothing in Motion:
An Exploration of Wearable Technologies for Fashion, Wellness and Dance
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Abstract

Since the late 20th century, fashion designers and
engineers have experimented with incorporating
various technologies into textiles in order to enhance
their functionality and aesthetic qualities. This
workshop begins with a presentation of four projects,
all conducted with Arizona State University, to
illustrate the wide range of possibilities of wearable
technologies in fashion, personal wellness, and dance
performance. To begin, the Sensory Chameleon
Bodysuit (2004) showed how wearable technologies
may influence human health and safety. Innovations in
the field of textiles also offer new possibilities in dance
performance. The concert Motion-e (2004-2005)
included wearable technologies that influenced light
and sound. Paper Interiors (2002) utilized special
textiles that interacted directly with external
technologies and multimedia to create a unique 3D
viewing experience. Last but not least, the Telematic
Dress (2008-2011) challenged the traditional
viewpoint that a live performance required dancers to
be in the same space. After the presentation,
participants will divide into groups and work hands-on
with textiles and electronics to create kinetic dresses.
Each group will receive a hand-out with instructions
and suggestions. Finally, the groups will present their
product and explain how their dress functions and how
they chose to incorporate various technological
components. The workshop will conclude with a
discussion about key design issues and concepts.

1. Outline

Objectives: To explore ideas regarding how
technologies embedded in textiles can influence the
textile wearer and the environment.

Significance: The future of design and textiles will be
a collaborative process, requiring people from different
fields to work together. Participants' discussions will
provide invaluable feedback regarding future research
in this field, which addresses how designers can assist
with the process of creating smart clothes and bringing
them to the general public in an appealing manner.

Target Audience: Fashion designers, engineers,
chemists, choreographers, artists, etc.

Agenda:

A. PowerPoint presentation, 20 minutes

B. Workgroups to create kinetic dresses, 2 hours
C. Break, 10 minutes

D. Resume workgroups, 1.25 hours

E. Group presentations, 30 minutes

F. Discussion, 45 minutes

2. Biography

Galina Mihaleva is a Doctoral Candidate in Textile
Arts at the National Academy of Fine Arts, Sofia,
Bulgaria, where she also received her Ocugtlu degree
in Textile Arts and Clothing Accessories. She is
Adjunct Faculty in the Fashion Design Program at
Phoenix College, Phoenix, Arizona as well as Costume
Shop Coordinator in the School of Dance at Arizona
State University, Tempe, Arizona. Besides that, Galina
runs her own couture boutique in Scottsdale, Arizona.



How to industrialize Wearable Augmented Reality?

1 Workshop on Wearable Systems for Industrial AR Applications

Christian B rgy, Juha P rkk
Bruce Thomas, Thuong Hoang, Michael Lawo, Holger Kenn

Abstract

Augmented Reality (AR) is a successful application
area of Wearable Computing, especially for
professional, industrial settings, in which mobility is
an important factor. With the proliferation of mobile
technology in the workplace, wearable computing
research can offer a valuable contribution to the
usability of mobile solutions, such as the use of context
information to inform devices and services of the
current task and user situation, relieve professionals of
tedious and repetitive information entry tasks and
increase worker safety in complex and hazardous
environments. Wearable AR systems in general are
widely utilized in various domains, including
architecture, military, tourism, navigation, and
entertainment. Such diverse usages impose several
challenges on researchers from both areas of
Augmented Reality and Wearable Computing, such as
interaction, activity and context recognition,
wearability, design, and modeling. We invite
researchers from relevant disciplines to a one-day
workshop held in conjunction with ISWC 2012 to
present novel works and discuss the application of
state-of-the-art Wearable Computing research to
Augmented Reality systems. The workshop also
provides an opportunity for directed discussion
sessions to identify current issues, research topics, and
solution approaches, which lead to the proposal of
future research directions.

1. Outline

Obijectives: The objective of this workshop is to bring
together researchers from academia, professional
hardware and software developers and current and
future users of wearable systems. We want to stimulate
the application of Augmented Reality on wearable
systems in professional environments.

Significance: Wearable Computing systems and
Augmented Reality applications will more and more
become part of daily experience with mobile
computing systems. To design and develop such
systems, hardware and software experts as well as
designers of user interaction and work processes need
to collaborate extensively. This workshop will start a
discussion, which could lead into such a direction.

Target Audience: users, experts and developers of
Wearable Computer systems and/or Augmented Reality
applications from academia and from industry

Agenda:

After a series of presentations, we will move into a
moderated discussion to generate a list of necessary
steps, which might help to answer the question of
DJqy"vq"kpFwuvtkenk}g" Y getedng" CTAD'T The goal is to
establish a continuing exchange on the topics and
review the results in a future workshop.

2. Biography

Dr. Christian Burgy is managing partner of teXXmo
Mobile Solution GmbH & Co. KG, a company, which
provides mobile and wearable computing solutions to
industrial customers. In this position, he led and leads
several research projects on Wearable Computer
systems and Augmented Reality with academic and
industrial partners. Christian holds a diploma degree in
Civil Engineering from Technical University in
Darmstadt, Germany and received his Ph.D. in
Computer-Aided Engineering and Management from
Carnegie Mellon University in Pittsburgh, PA, USA. In
his Ph.D. research, he had a stipend from Bosch
Corporation to study interaction modalities with
wearable  computing  systems in  industrial
environments.

E-Mail: c.buergy@texxmo.com



Dr. Juha Parkk&d is a Senior Scientist at VTT
Technical Research Centre of Finland. He received the
M.Sc. (Tech) and D.Sc. (Tech) degrees in information
technology - digital signal processing - from Tampere
University of Technology, Tampere, Finland, in 1997
and 2011, respectively. His research interests include
biomedical signal processing, ubiquitous computing
and personal health systems.

E-Mail: Juha.Parkka@vtt.fi

Prof. Bruce H. Thomas is the Deputy Director of the
Advanced Computing Research Centre and Director of
the Wearable Computer Lab. He is nationally and
internationally recognised for his contributions to the
scientific community and to industry in the areas
Wearable ~ Computers,  Tabletop Interactions,
Augmented Reality, and User Interaction. Bruce holds
a Master(s degree in Computer Science of University
of Virginia, Charlottesville, VA, USA and received his
Ph.D. in Computer Science from Flinders University of
South Australia.

E-Mail: Bruce. Thomas@unisa.edu.au

Thuong Ngoc Hoang is a Ph.D. candidate in
Computer and Information Science at University of
South Australia. Her holds a Bachelor of Information
Technology in Advanced Computer and Information
Science of the same university and received a Diploma
in Information Technology by South Australia Institute
of Business and Technology (SAIBT). His research
activities involve participation in the Tinmith project,
wearable computing in general and outdoor augmented
reality with focus on interaction techniques for outdoor
augmented reality.

E-Mail: Thuong.Hoang@unisa.edu.au

Prof. Dr. Michael Lawo is since 2004 at TZI of the
Universit t Bremen, and since 2009 Managing Director
of neusta mobile solutions GmbH. He is professor for
applied computer science at Universit t Bremen,
member of the steering board of Logdynamics and
involved in numerous projects of logistics, wearable
computing and artificial intelligence. Michael was
consultant before joining the nuclear research centre in
Karlsruhe from 1987 to 1991 as head of the industrial
robotics department. He is a 1975 graduate of
structural engineering of Ruhr University Bochum,
received his Ph.D. from University in Essen in 1981
and became professor in structural optimisation there in
1992. In 2000 he was appointed as professor of honour
of the Harbin/China College of Administration &
Management.

E-Mail: mlawo@tzi.de

Dr. Holger Kenn holds a diploma degree in computer
science from the Universit t des Saarlandes in
Saarbr cken, Germany and a Ph.D. from Vrije
Universiteit Brussel, Belgium. In 2001, he became
Lecturer of Electrical Engineering and Computer
Science at the newly founded Jacobs University in
Bremen, Germany where his research focused on
autonomous mobile multi-robot systems for urban
search and rescue. From 2004 to 2007 he worked as
senior scientist at the TZI at Universit t Bremen,
Germany on research topics in wearable computing.
Since 2007, he works for Microsoft Research at the
Advanced Technology Labs Europe in Aachen,
Germany on embedded systems and system-level
software.

E-Mail: holger.kenn@microsoft.com
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Mobile Order Picking using Pick Charts: Industrial Usage and Future Work

Hannes Baumann
TZI - University of Bremen
28359 Bremen, Germany
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Abstract

Order picking is most often performed with a paper
pick-list, which lists the parts required to ful Il an order.
To reduce errors and increase picking speed, technolo-
giessuchas pick-by-light have been developed. While
successful, such systems are expensive to deploy and up-
date. In previous work, we demonstrated the advantages
of a less costly mobile picking solution using graphi-
cal representations (displayed on a head-mounted dis-
play (HMD) or a tablet-PC) of what to pick. Here |
present our current work in progress, suggestions for
future work and talk about potential usage in industry.

1. Previous Works

In previous work [1] a pick list presented graphically
on a wearable computer with a HMD enabled faster
picking than the same graphical representation on a pa-
per pick list, a pick-by-voice system and a standard text-
based pick list. For convenience, | refer to the graphi-
cal representation of where to pick parts from a shelv-
ing unit as the pick chart. Subjectively, the HMD sys-
tem was preferred overall to the other methods, and it
resulted in fewer errors and less overall task load than
the text pick list. In our latest study, also presented at
the ISWC 2012, we evaluated the use of the pick chart
based solution on a HMD (pick-by-HMD) and a tablet-
PC (pick-by-tablet), comparing it against pick-by-light
and a paper pick list in an industrial environment with
experienced workers. In this study, the pick chart based
solutions were able to reach a performance far better
than paper pick lists and close to pick-by-light.

Please refer to our ISWC main conference poster and full work-
shop paper for further details.

2. Industrial Usage

Based on the results and the observations of the stud-
ies, | am convinced that our proposed pick chart based
solution could be used bene cially at many picking
lines, where currently paper pick lists, pick-by-voice or
hand held devices are used.

In dense picking environments, pick-by-tablet will
directly reach a signi cant improvement in performance
compared to paper pick lists or pick-by-voice. While
pick-by-HMD would also reach a better accuracy and
faster picking, | recommend not to introduce it yet for
industrial usage as the hardware solution and the user
acceptance will need further investigations.

Only a small improvement can be expected in less
dense picking environments when switching from pa-
per pick lists or pick by voice to a pick chart based so-
lution (less complexity will reduce errors and walking
will require the most time anyway). As the pick chart
based solutions can handle much more complex picking
tasks with very low error rates, picking density can be in-
creased by changing from single order picking to batch
picking (or increasing the number of orders performed
at once) when feasible. As a result, pick-by-tablet (and
pick-by-HMD) will achieve a higher speed while main-
taining or even improving the error rate.

Looking on the required investment costs, the pick
chart based approach will require little higher invest-
ments compared to paper pick lists, while being much
less expensive and also more exible than pick-by-light.
Picking lines can be of any length without increasing
the investment costs for pick-by-tablet or pick-by-HMD
(assuming that the shelves are already available). For
pick-by-light in contrast, the investment costs will in-
crease with every pick location. Also if the picking line
needs to be extended with new pick locations (for exam-
ple by making pick locations smaller) for the pick chart
based solution, only a con guration of the setup le for
the shelves is needed. For pick-by-light in contrast, old



units would need to be rearranged and new pick-by-light
must be bought and installed. Also the operating costs
of pick-by-tablet will be very low, comparable to pick-
by-voice and if pick lists are not needed probably
cheaper than paper pick lists due to the printing costs.

3. Current and Future Work

To increase the performance even more, | suggest to
use a place detection for the pick cart as evaluated in our
latest study. Such a place detection reduces the possi-
bility of placing an item into the wrong order bin. Addi-
tionally, it allows an automatic transition to the next pick
step improving usability and speed without increasing
the investment costs a lot. Although not evaluated yet,
it stands to reason that put-to-light displays on the pick
cart will help the worker to nd the correct order bins
even more quickly and reliable when many orders are
performed and sorted at once. With pick-by-tablet such
displays could be directly controlled from the tablet PC
by a serial interface, resulting in only slightly increased
investment costs. We are currently working on a pro-
totypical pick chart based pick-by-tablet solution with
put-to-light (see Figure 1). The pick cart of this proto-
type consists of six order boxes in two rows. Above (for
the upper row) respectively under (for the lower row)
each order box, a 7 segment 4 digit display with serial
interface is attached and connected to the tablet PC. This
arrangement is chosen to avoid accidentally placing an
item into the wrong row. To indicate a required place,
the display is continuously changing the brightness be-
tween a low and high brightness back and forth while
displaying the required number of items to be placed
into the order bin. After the corresponding place is de-
tected, the brightness stops pulsing and the number of
items that have been required is shown at a constant and
reduced brightness.

While | still see potentials for the use of pick-by-
HMD, | would not recommend to introduce it by now
for industrial usage, as the hardware solution and user
acceptance in my opinion will need further investiga-
tions. The used SV-6 HMD from MicroOptical has the
advantages of being lightweight, well readable in bright
environment, only marginally occludes the human eld
of vision while being used, and it also allows to adjust
the focus distance of the virtual display. Unfortunately,
this HMD is not sold anymore by MicroOptical (another
drawback was that the cables tended go get a defective
after a while). For this reason, other HMD alternatives
like the Golden-i have to be considered. As advantage,
this HMD already includes a computing unit while be-
ing still comfortable to wear. A disadvantage is however,

Figure 1. Pick cart with Pick-by-tablet and
Put-to-light

that the HMD occludes much more of the eld of vision
(even if worn out of normal line of sight).

4. Conclusion

A previous study showed a better performance for the
mobile pick chart based solution in a dense picking envi-
ronment compared to paper pick lists and pick-by-voice.
In our latest study, in an industrial environment with ex-
perienced workers, we saw that the performance of pick-
by-HMD and pick-by-tablet is close to the performance
of pick-by-light and that the user acceptance for pick-
by-tablet was mostly positive. The hardware solution
and user acceptance for pick-by-HMD will require fur-
ther investigations.

| feel certain that pick-by-tablet shows a high poten-
tial. It can be used at many picking lines where a pick-
by-light solution would increase the performance, but is
not economically to deploy because of the high invest-
ment costs and low exibility. If an even higher perfor-
mance is required | suggest to use a place detection and
a picking cart with a put-to-light setup in combination
with the pick chart based tablet solution.
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Abstract

Order picking is most often performed with a paper
pick-list, which lists the parts required to ful Il an or-
der. To reduce errors and increase picking speed, tech-
nologies such as pick-by-light have been developed.
While successful, such systems are expensive to deploy
and update. In previous work, we demonstrated the ad-
vantages of a less costly head-mounted display (HMD)
based picking chart over a traditional text-based pick
list, a paper-based graphical pick chart, and a mobile
pick-by-voice system. We now present the results of a
study conducted in a running assembly plant of a large
automobile manufacturer, comparing a picking chart
displayed on a wearable computer with a head mounted
display (HMD) or a tablet PC  against a text-based
pick list and a pick-by-light system.

1. Introduction

Order picking is a commercially important activity in
industry [1], representing up to 65% [4] of the total op-
erational costs of a warehouse. Highly automated pick-
ing methods exist in constrained domains, but 80% of
picking is still performed manually in Western Europe
[6], partially due to technical obstacles and cost. Often,
a text-based paper picking list is used for manual order
picking. Such a list speci es ina given sequence the
needed items and the required number of these items.
Many methods have been developed to assist the man-
ual order picker, including pick-by-voice and mobile
RF-based solutions [7]. These systems are best suited
in warehouses where a worker must travel between the
picks. If there are often many items to be picked within
just one shelving unit, pick-by-light is more appropriate.
Pick-by-light systems are perhaps the most advanced
manual order picking aides in dense picking environ-
ments with respect to speed and low error-rates; lights
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mounted under each pick-location indicate which parts
to pick, and buttons next to the lights are used to con rm
a pick or put [2]. Some systems also offer proximity sen-
sors or laser scanners to con rm the picks and puts of a
worker [9]. However, these systems require a high initial
investment, making them often uneconomical. Here, we
investigate less costly alternatives based on mobile com-
puting.

Reif et al. [8] created an HMD based augmented real-
ity system to guide the picker to each part using arrows
and attention tunnels. This system however, seems to
be more appropriate in picking environments, where a
worker needs to travel between the picks. Also industry
started to offer an HMD based augmented reality system
for order picking [5].

In previous work [12] (using a dense picking envi-
ronment), a pick list presented graphically on a wear-
able computer with a HMD enabled faster picking than
the same graphical representation on a paper pick list,
a pick-by-voice system, and a standard text-based pick
list. For convenience, we refer to the graphical repre-
sentation of where to pick parts from a shelving unit as
the pick chart. Subjectively, the HMD system was pre-
ferred overall to the other methods, and it resulted in
fewer errors and less overall task load than the text pick
list. Based on suggestions by subjects and interaction
principles in the literature, we developed and evaluated
different extensions for this pick chart [3]. The goal was
to further decrease the error rate by improving the graph-
ical representation of the pick charts and by introduc-
ing context feedback. While the context feedback in
form of a pick detection with a graphical visualization
showed about one third fewer errors (without being sig-
ni cant), one of the extensions the use of colors that
match the rows of the shelves with the rows of the pick
chart showed a reduction of the error rate by more than
50%. Similar to the graphical pick chart, industry devel-
oped a new solution also using graphical representations
of the shelves [11].



Here, we present the results of a user study performed
in the assembly plant of a large automobile manufacturer
comparing the picking chart on a wearable computer
with a HMD or a tablet PC  against a text-based pick
list and the manufacturer’s established and highly ef -
cient pick-by-light system. We focus on user acceptance
and workload of experienced workers but also examine
error-rate and picking speed with these systems. We
wish to estimate the practical value of a mobile pick-
chart based solution for industry as compared to pick-
by-light and pick-by-paper.

2. Task and Picking Environment

Figure 1 and 2 illustrate the picking environment.
The rectangles labeled 1XX to 8XX indicate the shelv-
ing units; GLT 1 to GLT 8 are large load carriers (GLT)
for larger items. The pick cart runs on rails between the
two rows and has four order bins, one for each car be-
ing assembled. Each shelving unit has three rows for
picking. Typically the upper and middle row have three
pick (and three pick-by-light) locations, while the lower
row has typically two pick locations. As parts change
over time and the width of the boxes in the shelves vary,
some unused pick locations may be partly consumed by
a bigger box from a bordering pick location.

/0#12| /0#13| /0#14| /0#15 |/ 0#16 | / O#17| / 0#18 | / 0#19

Figure 1. The picking environment

We used the same pick- & put detection sensors
normally used by the Safelog pick-by-light system [9].
Laser range- nders (LRF) mounted in front of the nor-
mal shelving units and large load carriers detect picks.
Two infrared sensors over each order bin detect puts on
the pick-cart. Every pick-location and order bin has a
pick-by light unit with an integrated button which could
be used as an alternative to the automated pick- & put-
detection (in case a pick or put was not detected auto-
matically).

A worker completes four orders at once. Print-outs
of the next four orders are placed into the order bins in
the pick-cart, independent of the picking method used.
When the worker starts a picking task, he con rms that
the next orders correspond to the orders noted on the
prints in the picking-cart. Next, he pushes the pick-cart

Figure 2. Pick-cart (center), normal
shelves (left), and large load carriers
(right)

along the shelves, picking all items necessary for the
four orders using one of the picking methods described
in Section 3. When nished, he returns the pick-cart, re-
trieves an empty box for each order from a nearby wagon
(Figure 3b) and |lIs that box with the corresponding
items. Some items are assembled while lling the or-
ders (Figure 3a). The picker has the option to verify the
picked items with the order print-outs. After placing the

lled box on the wagon, the participant is ready to con-
tinue with the next task.

(a) Box on assembly desk (b) Wagons with boxes for the or-

ders

Figure 3. Order boxes

3. Picking Methods
3.1 Pick-by-light

Pick-by-light is the normally used method at the pick
line. Figure 4 describes how picking with pick-by-light
is generally performed. With the exception of the items
at pick location 113, all items are needed once per order.
If required, the items at pick location 113 are needed



(a) A red light indicates the next pick location

(b) After pick detection, the light turns green and red lights on the
pick-cart indicates where to put the items (and how many items are
needed in total)

(c) After every put the corresponding light on the pick-cart turns green
(the next pick location is shown after the last put of the previous item)

Figure 4. Pick-by-light

two times per order. This detail is known by all workers
on this line, and thus the total amount of items needed
can be inferred by the amount of lights displayed on the
pick-cart.

3.2 Pick-by-HMD

For pick-by-HMD, workers wear a vest with a
teXXmo TX-1000 Wearable PC using a 1.6GHz In-
tel Atom Z530 and 1GB of RAM (Figure 5a). Pick
charts are displayed on a MicroOptical SV-6 (an opaque,
monocular HMD) mounted on safety glasses with the

lenses removed. Independent of the eye dominance, the

HMD was always worn over the worker's right eydo

LIn a previous study, we observed that wearing the HMD over the

compensate the weight of the HMD, we added a coun-
terweight to the left side of the safety glasses. A Vuzix

rugged mouse with two large buttons allows navigation
and is carried vertically near the right hip (Figure 5b)

or is attached to the pick cart and connected wirelessly.
Section 4 describes the pick chart variations tested.

(a) Back: wearable computeib) Front: rugged mouse and bat-
HMD electronic, battery, wlan-tery status LED
antennas

Figure 5. Pick-by-HMD

3.3 Pick-by-tablet

For testing pick-by-tablet, a tablet PC and the Vuzix
mouse were attached to the pick-cart for testing. We
started with a teXXmo Kaleo GX tablet PC but soon
switched to an xplore iX104 tablet PC due to instability
in the graphics during animations. For pick-by-tablet
we used the same pick chart variations as with pick-by-
HMD (see section 4).

Figure 6. Pick-by-tablet

and that both left and right eye dominant participants performed well

left eye reduced the wearer's attention with respect to the pick chart when the HMD was worn over the right eye.



