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This is an invitation to explore the future of
mobility through the added dimensions of
wearable computing research and design. 

Our aspiration is to transform the current
computer user model that requires comput-

er literacy to a model where the computer is
human literate and able to proactively serve
the user by taking clues from the human
body, human emotions and human situa-
tions. The stage for such a model is the cur-
rent and future mobile world. 

Promoting the thinkWearable; model
may result in mobile systems that are an
essential part of the solution for societal
challenges such as health care cost reduc-
tion and supporting an increasingly aging
population. 

This work is the result of the graduate
course I taught at the Royal Institute of
Technology in Stockholm, Sweden, during

the academic year 2002/2003. The real
heroes of this book are my talented gradu-
ate students and the outstanding designers
Cecilia and Nikolaus Frank. They deserve all
the credit. 

The book is not a technical report or a
comprehensive concept exploration; nor is it
setting up a research or industry agenda.
Simply and unpretentiously, the contents of
this book should serve as an open window to
the landscape of mobility and the role of
wearable computing concepts and wearable
product design. 

More than anything else this is an invita-
tion for you to thinkWearable;. Join us!

Zary Segall 
May 2003, Stockholm, Sweden

An invitation to thinkWearable!
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There are a great number of companies,
institutions and individuals that made invalu-
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my deepest gratitude and thanks for their
generosity, talent and vision.  Their foresight
has supported not only the results presented
here but also stimulated the creation of fas-
cinating long-term opportunities for the cur-
rent and future society.

The Fulbright Stockholm Distinguished
IT-Chair in Wireless E-Commerce was made
possible by the generous support of the
Royal Institute of Technology (KTH), the
Stockholm School of Economics (SSE), the
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and Gloria Dixon-Svärd (KTH). They have
guided, encouraged and become my full
partners on this journey. I feel truly privileged
to have been able to work with Jeannette
Lindström and the staff of the Fulbright
Commission in Stockholm. Jeannette’s
enthusiasm, energy and dedication more
than deserve my deepest thanks.  

Additional support for the thinkWear-
able; course was provided by Vinnova, Intel
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collaboration with Tekniska Museet and
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has made a decisive difference to the suc-
cess of this project. 

The heroes of this quest are my graduate
students. Therefore, I dedicate this work to
them.
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The group grew out of the thinkWearable;
graduate course taught by Professor Zary
Segall in the academic year 2002/2003.  

Faculty: Magnus Boman, Carl-Gustaf Jans-
son, Bertil Thorngren and Zary Segall (lead)

Design: Nikolaus Frank, Cecilia Frank

Graduate students and researchers:
Johan Mattsson, Catharina Melian, Ola
Hamfors, Li Wei, Markus Bylund, Alex Jon-
sson, Ester Appelgren, Tobias Törnqvist and
Fredrik Espinoza

Collaborators and sponsors: Telia, Erics-
son, IBM Svenska AB, Brainheart Capital,
Royal Institute of Technology, Stockholm
School of Economics, Fulbright Commis-
sion, Vinnova, Intel Corp., Swedish Institute
of Computer Science, Frank etc, University
of Oregon, University of Maryland (UMBC),
Tekniska Museet and Telemuseum in Stock-
holm.

The thinkWearable;
research group

The stage: The current and future world of
mobility.

The actors: Nine talented graduate stu-
dents from the Royal Institute of Technology,
Stockholm School of Economics and the
Swedish Institute of Computer Science, a
set of generous and visionary industrial and
academic sponsors working together under
the umbrella of the Fulbright Commission, a
number of industrial and academic partners,
two outstanding designers and one US pro-
fessor.

The place: The Royal Institute of Technolo-
gy, Kista (the wireless city), Sweden

The occasion: The Fulbright Stockholm
Distinguished IT-Chair in Wireless E-Com-
merce. 

Industrial agenda: “E-Contact” and
“Deconstructing the mobile phone.”

The goal: To establish a research group
that will work together for (at least) an aca-
demic year (2002/2003) to explore wear-
able computing thinking and to design wear-
able information systems and artifacts.

The approach: Deliver the graduate course
thinkWearable; and establish the
thinkWearable; research group.

This book is one of the results of the above
set up. 

The course was taught with a multidisci-
plinary emphasis and included considerable
industry participation. The course included

The story
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lectures, workshops and projects. The main
goal of the course was to inspire a different
way of thinking, “thinkWearable;”, that
explores the role of wearable computers in
existing and emerging social practices and
promotes a computer human literacy
approach. The course took the methods of
user-centered design one step further and
closer to the human emotions, the human
body and social situations. The intellectual
substance of our philosophy is to transform
the user’s need to be computer literate to a
computer system that is proactively serving
the user by being situation aware and human
body and emotion literate.  

Two projects are presented: aWare and
magicHat. Both projects are predicating
mobility and use the concept of a Wearable
server. The aWare project is considering the
problem of situation and body-aware mobile
computing, while magicHat is studying the
problem of mobile annotation and interaction

with the physical and social space. The con-
cepts presented are supported by solid
research and based on existing and emerg-
ing technology. Nevertheless, from a
research perspective they are opening many
additional research questions. Both projects
have integrated their exploration on function,
form, product design and business models. 

We will further present each of the proj-
ects. 

The Deconstructing the mobile phone
research agenda was introduced to the think
Wearable; group by Erik Kruse from Erics-
son.

The Deconstructing the mobile phone

premises are based on the observations that
the mobile phone is one of the most wear-
able devices ever built and includes a set of
components that have been subject to mass
production price performance optimizations.
A mobile phone is a device that includes an
ever more powerful processor, multimode
wireless communication (Bluetooth, GSM,
GPRS, 3G), camera, vibrator and recently
removable memory modules. It operates in
an increasingly capable infrastructure provid-
ing for a myriad of services.

One of the research questions in this
domain is how we can use the existing and
emerging mobile phone components and

infrastructure to design wearable computers
that fulfill the thinkWearable; research phi-
losophy. Furthermore, another interesting
question is how emerging new technologies
such as ultra thin displays, sensors net-

works, wireless textiles, and gravitation-
al interfaces, to name a few, will impact

the form and function of future mobile
devices. Perhaps the most important
research question is how such a new gener-
ation of mobile devices will influence existing
and emerging social practices and how
those new devices could be used as part of
the solution for existing societal challenges.

Deconstructing the mobile phone
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The E-contact research agenda has been
introduced to the thinkWearable; group by
Johan E. Bengtsson from TeliaSonera. E-
contact vision is about expanding the model
of person-to-person communication, to also

include multi-party com-
munication with status

indications and multiple modalities.
A prime research target is to find how the

users' mental model of person-to-person
communication might expand in the coming
years.

Another target is finding what functions
are needed in a wearable audiovisual termi-
nal, for controlling coupling between the
user, the communication session and the
physical local environment (see illustration
on the next page). What could such a termi-
nal look like, maximizing usability factors
(ease-of-use, battery life)? What could an
optimal terminal look like in 2005, assuming
current trends in state-of-the-art technology

(price per unit, size, ease-of-use, battery
life, life-style/image/want-to-wear)?

The E-contact research issues are stud-
ied in the context of family users at home, at
work and in public places. A pilot trial with
15 families is underway, in the E-family proj-
ect at the Center for Distance-spanning
Technology, http://www.cdt.luth.se/

E-contact

People I
know

The 
company

Neighbors

My friends My work mates

My family

My relatives

Basketball fans “Us on
this train”

Groups and needs
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Wearable server. The Wearable server 
provides the equivalent of 2003’s laptop
capabilities. In addition, its wireless connec-
tivity is multimode including 2G, 2.5G, 3G
and 4G. Other wearable objects communi-

cate using Blue-
tooth with the

wearable server. Here illustrated is the soft-
ly shaped piece of electronics carried around
the neck in a textile band. Alternatively the
object can be placed in a pocket.

Product design

Concept: Mobile personal server. We
anticipate that next-generation wearable
computers will support more interactive and
proactive modes of computation. As embed-
ded systems and networks become ubiqui-

tous, wearable
computers will

act as both agents and intermediaries
between their users and the embedded sys-
tem infrastructure. In such an environment a
Wearable server is a mobile personal server
and a host for the electronic services of a
single user. The only input-output of rele-
vance is multimode wireless connectivity
such as Bluetooth, GSM, GPRS or 3G. This
type of hardware could be a smart phone or
specialized hardware such as our proposed
product designs of Wearable servers. The
important aspects of the concept are that
they are uniquely tied to a single user, and
that the user is viewing the collection of
functionality and data as one single entity.

Normally, to use the services of the wearable
server, user access devices of different kinds
are needed. Note that the user access
device can be, but rarely is, the same device
as the one that the wearable server is run-
ning on. In contrast to the uniqueness of the
wearable server (from the user perspective),
user access devices are many, one for each
context or situation. The aWare and
magicHat families of artifacts are examples
of user access devices. 

Wearable server 
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The aWare concept is rooted in the Telia E-
Contact research agenda. The idea is to use
“wearable thinking” in solving some of the
drawbacks of people being physically apart.
It is well-known that people can sustain

higher quality collaboration and relationships
while being in close proximity, thus being
“situation aware.” This situation awareness
rapidly drops as distance increases. A suc-
cessful situation-aware system will reduce
the likeliness of misunderstandings, reduce
the time spent on establishing contact
(“playing phone tag”), and inspire location-
distributed users by creating a greater sense
of community (workplace, entertainment
place, or home).

We are observing that the criteria for
engaging in situation awareness between
individuals is based on emotional interpreta-
tion of context data such as presence, activ-

ity, social company, mood, level of busyness,
ambient sound, light and location. These
combined metrics usually decide the topic,
tone and duration of an interaction. To allow
the same rules for engaging in conversations

in the virtual world, the aWare
system needs to provide similar,

life-like context data.
The  “aWare Messenger,” our first imple-

mentation of an aWare-based system,
achieves these desired data by providing sit-
uation-aware communication through gener-
ating a sense of presence and emotional
status (mood), and by employing location
and context-awareness capabilities. Con-
ceptually, the aWare Messenger is support-
ing community interaction and sense of
belonging by providing information on group
members’ presence, mood, and activity.
aWare is both a concept and a rich research
agenda for topics such as mood capturing,
user experience acceptance, and privacy.

aWare: Situation aware mobile system

The aWare Messenger is built on the con-
cept of wearable servers (WS). Individuals
carry a wearable server on which the aWare
Messenger is running. From this platform,
the service connects with aWare Messen-

gers on wearable
servers of other indi-

viduals, with context sensors (for example,
for the position of the user), and with other
sources of information. The currently avail-
able sensors and sources of information
change as the user’s place and situation
change. A wide range of access devices
(illustrated on the left hand side) is available.

Organization
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In visualizing the complex nature of E-con-
tact, social interaction in several dimensions
comes into play. Similar to an analogue
watch, it would be preferable if one could
grasp the current situation-awareness with
just a glance. Following are some of the user

interface principles of aWare objects:

Radiation/area. Color and color intensity
radiates from a displayed person’s name,
each color and transition between colors
representing levels of sensor-based informa-
tion.

Graphic element/animation. A set of

graphic elements and patterns are used to
describe situation-based activities. This
could be graphics that symbolize openness
to communication, high level of work-related
activity, different situations of accessibility,
ongoing communication, etc.

Value perspective. Persons that are in
focus for the user’s interest and activity, or
who play a specific and important role in the
“teamwork” become larger (or closer) on the
screen. Less central objects of interest
become more peripheral.

Layers and depth. The use of depth indi-
cates level of importance since several differ-
ent groups tend to interact in a person’s life.

short range
wireless network

wireless 
infrastructure

Access devices Wearable server

The aWare graphic interface
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Achieving situation awareness in a mobile
communication system is a challenging task
that requires new functionality:

Mood/emotional status: Captures signs
of emotional status
such as stress level,
pulse, posture, and

translates it into a virtual mood indication.
Potentially, this data could be acquired by a
set of wearable, non-intrusive sensors
placed in close proximity to the human body.
This personal data needs to be transformed
into a matrix of the users’ emotional status.

Proximity/location. Provides location coor-
dinates and proximity to other users and
services. This could be achieved by a com-
bined set of sensors and services, such as
GPS, wearable sensors and specialized
indoor positioning systems. 

Activity: Shares computerized calendar-

based information to inform other users of
present and future activities. In combination
with sensors for direction, body position and
location, the system needs to translate the
calendar data into an activity description
such as “in a meeting”, or “on the way to the
bus.”

Venue of communication. Determines the
most appropriate channel of communication.
The choice can give important clues as to
the most appropriate modality of communi-
cation.

Ambiance: Provides environmental infor-
mation using wearable sensors for lighting
conditions, sound level, and motion.

Work groups and family, friends and activities
can be valued and assigned to different lev-
els. Switching between these aWare maps
with the presence of other maps as vague
under-lays allows for a multi-dimensional
understanding of complex interaction.

A sample of animated
graphics moves out
from the center of a
person’s name, indi-
cating positive activity,

inviting connection. As the user’s situation
changes to less accessible, the graphic ele-
ments change direction and are closed to a
circle while the color tones over to a differ-
ent expression.

A sample of animated
graphics is a moving
spiral/helix that can
either expand out-
wards or focus

inwards depending on direction. It can repre-
sent movement or high activity.

The touch sensitive
screen allows for the
moving of participants
with a stylus or with
the finger, or for

establishing connection by tapping. Pressing
on a name reveals a circle of information
connected to this person. Simultaneously
the information connected with this person is
moving up to fill the whole screen surface.
High alert is appearing over the whole sur-
face until acted on, and so forth.

Through flowing patterns, the interface visu-
alizes connection between different partici-
pants. The particular activity can be
described in simple icons, such as a car for
transport, three dots for meetings, a phone
for “Call me,” etc.

Functionality
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As a first prototype, the aWare messenger
implements a subset of the aWare function-
ality. Users can communicate asynchronous-
ly with text messages, and could manually
set their mood for others to see. The service

is accessible from desktop and laptop com-
puters, PDAs, and mobile (“smart”) phones.

The situation-awareness of the prototype
is limited to mood and a form of situation-
awareness that we called susceptibility.  The
susceptibility of a user indicates his or her
level of availability for interaction and com-
munication. The graphical user interface of
the prototype shows a list of users and sum-
marizes their respective level of susceptibili-
ty, mood, and location; susceptibility and
mood are indicated via smiley icons, and
location by a simple text description. The
colors of the icons change with the accept-
ance level for interaction and communica-

tion, going from green, meaning available, to
red, meaning very busy. 

The prototype infers the susceptibility
from the location of each user, for example
by assuming that a user is busy when in a

meeting room and free while in the
coffee room. We are currently eval-

uating other methods for automatically learn-
ing the susceptibility level based on user
behavior. 

The emotional status, or mood, is indicat-
ed by the facial expression of the smiley; in
the prototype this is set manually by select-
ing an appropriate smiley. 

Finally, the location of each user is based
on three technologies: GSM, GPS, and
WLAN; the prototype uses whichever
method provides the best accuracy at any
given moment. The three technologies have
different characteristics: GSM positioning
provides very good coverage, both indoors
and outdoors, but with poor accuracy; GPS

Implementation – working features

provides very good accuracy while outdoors,
but poor coverage in cities and no coverage
at all indoors; WLAN positioning can provide
very good accuracy in places that are cov-
ered by wireless networks.

aWare messenger user interface on a Sony
Ericsson P800. The graphical user interface
of the prototype shows a list of users and
summarizes their respective level of suscep-
tibility, mood, and location; susceptibility
and mood are indicated via smiley icons,
and location by a simple text description.
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The prototype is developed using Java
with the aWare messenger running on a
SONY VAIO U3, which serves as a wear-
able server, with the user interface running
on a Sony Ericsson P800 mobile phone.
The user interface on the phone commu-
nicates with the wearable server via Blue-
tooth or wireless phone net-work connec-
tions. A Bluetooth Global Positioning Sys-
tem Receiver and an experimental posi-
tioning service from TeliaSonera provide
location information.

Experimental setup

Experimental setup for
the aWare messenger

wireless connectors to
local sensors
(GPS positioning)

wireless connections
to external sensors
(e.g. GSM 
positioning)

P2P connections
to other wearable 
servers

short range 
wireless 
connection to
user access
device
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The aWare messenger business model
focuses on two central aspects of the
aWare service: community-building and
expressive capability. In workforce environ-
ments the aWare service can be tailored to

fit the physical
traits of the

environment while keeping the characteris-
tics of a community-building service. Mem-
bers of the workforce can benefit from eas-
ier communication, more group awareness,
facilitated management, and more effective
cooperation. The aWare product can be
branded with a corporate identity and used
with the built-in communication features, or
it can be modified to fit the specifics of the
deployment situation, for example by tying in
enterprise components (e.g. the dispatch
control of an airport’s ground services). 

As a lifestyle identity enhancer, the
aWare messenger builds on expressive
capabilities combined with the basic commu-

nity-building features; the target market in
this case is the modern youth culture. Using
its expressive and graphically pleasing user
interface, the aWare device can play an
important role as a strong enhancer of indi-
vidual identity and group belonging. The
physical aWare device as well as the soft-
ware interface can be modified to suit vari-
ous sub-markets, such as extreme sports,
pre-school, and dynamic urban lifestyles.
Revenue for aWare can be generated in
both of these markets: from corporate cus-
tomers who deploy the aWare system in
specialized scenarios and from carriers/
operators who license the technology from
aWare and sell the aWare device and serv-
ice subscriptions to end-user customers.

Business models

social compass

emotion

personal

mobile

vital wear

non-obtrusive

fashion

identity

privacy

presence
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aWare mobiFlex. The design metaphor is a
credit card-sized object. There are a variety
of existing products and accessories that
can be used together with the aWare card.
The object is able to fit in slots in wallets,
business card holders, security card clips,
etc. Featuring Bluetooth connectivity to a
Wearable Server or a 3G phone, the thin dis-
play is touch sensitive and combinable with
other aWare cards. An alternative version
will have a display on both sides. The aWare
messenger graphic interface is displayed on
a card screen, the size of a credit card.

aWare card eMotion. A transparent soft
plastic sleeve is applied to the personal serv-
er, allowing for an aWare card screen to be
included. A stylus is also included and can
be used as an input device through the soft
protective plastic.

aWare mobiWear The aWare clip is a
wearable accessory for mobile users of all
ages. The design metaphor is a versatile
clip-on object allowing the user to integrate
the artifact with clothing, a necklace, a belt

or on the wrist.
Featuring Blue

tooth connectivity with a Wearable Server or
a 3G phone, the frame incorporates a micro-
phone and a speaker, so the user can talk
directly to the object. The consumer can
slide the aWare user interface sideways and
pan on a larger “strip” of information. Its
touch sensitive surface allows for text input
and interaction with graphics.

Discrete and jewelry-like, it can be
clipped-on to a shirt collar, jacket cuff,
directly on the wristband of the watch, etc.

Design metaphors

ThinkWearable Book  03-05-26  21.55  Sida 30



aWare magnifying glass. A fair number of
people that need to temporarily amplify their
eye vision use a magnifying glass. We use
this as a metaphor to integrate the magnify-
ing glass with the aWare functionality. The
object can be carried in a pocket or in a cord
around the neck. By moving the finger
around the rim of the glass, the user can
change focus and scale of the graphics.
When placed horizontally, the graphics
become opaque, and act as a conventional
screen interface, pressure sensitive for inter-
acting with the graphic interface. With a
built-in microcamera, microphone and
speaker, along with Bluetouth connectivity,
the device could be used in conjunction with
a wearable server or remote server to identi-
fy people and objects and receive directions. 

aWare vitaFlex The modular aWare card is
mounted on a wrist-holder that is enhanced
with vital signs sensors. By sliding the card
in the holder, it is securely attached to the
wrist-piece. Alternative wrist-holder designs
can meet different user requirements, from
exclusive to casual and sporty. In addition,
the wrist-holders include Bluetooth connec-
tivity, a microphone and speaker. The artifact
could connect to devices featuring
2.5G/3G/4G compatibility. 
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aWare pebble. The pebble is like a small
stone or amber found at the beach, soft and
polished by the sea. The graphics are
embedded in the transparent molding in sev-
eral layers, allowing the graphics to sort hier-
archically in “3D.”

aWare mobiWand. Using the pen meta-
phor, a tubular screen, made possible
through a soft film display, gives a large
interface area in a compressed format. The
user turns the artifact and scrolls through a
map larger than the actual surface of the
object. Gravity and motion-sensor technolo-
gy are employed for input command. Input is
done through writing on a surface, or by
drawing simple figures in the air to represent
different actions. Equipped with Bluetooth,
2/2.5G connectivity, a microphone and
speaker, the device can act as a mobile
phone and as an aWare artifact.

aWare watch with social compass. The
metaphor is wristwatch fashion. Names of
the individuals in a group are sorted in a col-
umn down the transparent LCD see-through
screen. On the sides, there are multi-colored
light diodes that indicate the individuals’ sta-
tus. The lower part of the screen has a social
compass function, indicating direction and
distance of a selected person in the group.
Sensors are included in the wrist band for
input of the wearer’s pulse, etc. 

aWare watch with micro projector. A
small projector element, encapsulated for
protection and durability, could be adapted to
a watch. When the hand is lifted and held
over a tabletop surface at a particular dis-
tance, the aWare graphics are displayed. 
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aWare mobiMax. This object integrates the
aWare card with the Wearable server in one
artifact. The individual aWare cards recog-
nize other aWare cards when placed nearby,
with the immediate establishment of a con-
nection and the subsequent enlarged “map,”
flowing between cards or over as many
cards as are present. A soft transparent
plastic mould allows for two aWare cards to
be placed in the soft plastic, giving a fold-
able, book-like object. A miniaturized, wear-
able server element makes the object com-

plete, including a transparent stylus. An
additional two-unit screen accompanied by
two one-unit card screens makes a foldable
object. Through assigning different functions
to the individual screens, an effective inter-
face is developed. The top screen displays a
full layout and acts as a navigation window.
The second and larger screen is used to pan
the desktop in enlarged mode. The lower
card in this illustration allows for text input
through a virtual keyboard and a stylus.

aWare glove. This concept builds on the
glove metaphor, positioning a display surface
on the top of the hand, where the aWare
“situation map” is displayed. In addition to
this map, there is a “social compass” that
displays the distance and directions of a par-
ticular person or location. Also, a special
physical area is dedicated to a special object
or person.

On the inside of the glove, a microphone
and speaker are integrated in the material,
allowing for voice communication and voice-
to-text interface.

aWare thumb. An extension of the glove
metaphor and utilizing soft display technology
together with other durable soft materials, this
concept places the aWare “situation map”
directly on the base of the thumb.  Using the
sign alphabet for letters in combination with
sensors gives the user the possibility for
quick and silent entering of text messages.
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aWare mobiWear
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aWare vitaWear
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aWare mobiFlex
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aWare card
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aWare eMotion
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utes; she has just enough time to buy the
tickets before the bus leaves.

Question. Mike is in his car on his way to a
client. Having worked with a large construc-
tion project for almost two years, he is about
to take on a new project. However, he can-
not fully let go of all the details of the old
project. Seeing that his colleague John is on
the construction site, he remembers
that they have to check the cabling on
the south wall again. The aWare mes-
senger’s situation-awareness evaluator
indicates that John is following up on
some changes that they have previous-
ly agreed upon. The situation-awareness
evaluator indicated that John is busy but
available for Mike only. He gently touches
John’s name on the aWare messenger and
dictates a question, asking John to check
the cabling. A few minutes later, John’s
name flashes and Mike gets the message:
“The cabling is ok Mike; see you tomorrow!”.

User experience. In order to illustrate user
experience with the aWare messenger three
scenarios are outlined. While the aWare
messenger’s current functionality is limited,
we illustrate the power of the concept of sit-

uation-aware-
ness between

members of a community of interest. We are
envisioning additional scenarios with future
aWare capabilities that are part of the solu-
tion for major societal problems such as
health care and the aging population.

Reminder. On her way home from the Uni-
versity, Cathy is wondering how much time
she has before the next bus leaves. Sitting
down to look for the timetable on her
aWare messenger, she sees that her friend
Wendy changed from sick mood to happy
mood. She remembers that she agreed to
go with Wendy to the movies if Wendy’s cold
got better. The next bus leaves in 18 min-

aWare scenarios 
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Cue. Lisa has a dilemma. Having started to
write the thinkWearable; ad it has become
clear that she needs Tom’s expertise to write
it. Tom, one of the best copywriters in the
company, is already experiencing a heavy
workload. The only solution is to convince
him to let go of some of the more interest-
ing, but easier, assignments to take on the

tedious work that needs to be done. A
few hours ago Lisa’s  aWare messen-
ger indicated that he was both very
busy and in a terrible mood – the red-
dish background and the pointy and

aggressive animation that surrounded
his name made that very clear. However, he
seems to have had a great lunch, because
since then the aWare messenger has indi-
cated that he is in a good mood and fully
available to anyone who needs to disturb
him. This might be a great opportunity for
Lisa to try to convince him to take on the
task.
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The magicHat system organization is based
on the components of a high-end mobile
phone with a minimum of additional compo-
nents such as a GPS, a digital compass 
and miniature vibrators (for non-obtrusive

directions). Most of
the components are

mounted in a headgear form factor. The
headgear comes in a number of varieties,
suitable for different environments and user
preferences.

The magicHat is based on the concept of
deconstructing the mobile phone and
enhancing it with a minimum of components
(a Global Positioning System, a digital com-
pass and miniature vibrators for navigation

directions) with the goal of exploring the
mobile interaction/annotation of physical and
social spaces. The form factor chosen is a
headgear capable of coexisting within a hat. 

Since we are using hats as a form of self-
expression, or to identify ourselves as part of
a group, we advance that the hat is the right
metaphor for the form factor. Relevant
examples of this form of self-expression are
plentiful; sports arenas abound with unifying
team logos or colors, and groups of tourists
often try to keep together using elements of
fashion for identification. 

It is generally hard to dynamically anno-
tate physical and social space in a way that
enables the individual to create a traceable
memory record. Our wearable computer is
built around the notion of providing useful

just-in-time information
as well as a mechanism
for recording social
events.  

We choose the hat metaphor for practical
reasons. The hat is fixed on the head, which
correlates with the user’s view. This way, we
can provide an implicit pointing mechanism
for space annotation and delivery of just-in-
time contextual information.

magicHat: mobile interaction and 
annotation of the physical and social space 

Organization
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GPS and compass vibrators

headset and 
microphone camera

wireless connection

wearable 
server

wearable server,
current version

The functionality provided by the system can
vary depending on the application. A deploy-
ment of the system in a ski resort might
stress emergency features while a deploy-
ment in an amusement park would focus on

the features of
group coordination.

Each vendor could tailor the functionality
according to the environmental characteris-
tics where the hat is going to be used. The
common functionality in all hats includes:
just-in-time information retrieval and guid-
ance, dynamical social annotations, and
group coordination and awareness.

Just-in-time information retrieval and
guidance: The system keeps track of the
user’s geographical position and can there-
fore send out information when needed or
requested explicitly by the user. A typical
example is a user who walks down a street
and suddenly looks at a monument while she
hears information about that monument in

the earphones. A typical scenario for guid-
ance is when a user performs a request,
asking the system how to navigate to a spe-
cific place. Then, the system guides users
using the vibrators in the hat. 

Dynamical social annotations: We
equipped the magicHat with a camera pro-
viding the ability to annotate physical and
social space. It is mounted in the front of the
hat correlating with the user’s view. Pictures
taken are tagged with the user’s current
position and direction in order to create a
rich multimedia trace. Each time a member
in the group is in range and in the right direc-
tion of the camera (calculated by the sys-
tem) a photo could be taken. All pictures
taken, their location, meetings with other
magicHat users, are viewable on an interac-
tive map (a web site or CD) together with the
geographical trace of the user. 

Functionality
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Group coordination and group aware-
ness: Groups split up and people get lost. In
a new environment it is common for the
group to spend considerable time trying to
coordinate meetings, etc. Forming a group
of magicHat users allows for group coordi-
nation. Groups that are wearing the
magicHat may coordinate by location, by
communication, by indication of their move-
ment and by setting dynamic meeting points.

The current implementation is a subset of the
original functionality—implementing only the
most basic functionality that will demonstrate
our ideas. This first generation hat serves as
the proof of concept in our system.

As of May
2003 the proto-

type system is up and running, although the
hardware components chosen for the proto-
type are not to be considered optimal when it
comes to form and size; components will be
changed when better alternatives become
available. The implementation is modular,
allowing for component updates.

Implementation

Using the extensive wireless local area net-
work in Kista, near Stockholm, the
magicHat is capable of taking pictures and
sending real-time and contextual audio infor-
mation to the user. The system is equipped

with a Blue-
tooth enabled

Global Positioning System, a Bluetooth
enabled earphone/microphone, a digital
camera, and a Sony Ericsson P800 mobile
phone. 

All components are wirelessly connected
via Bluetooth to a Sony VAIO U3 (a full-fea-
tured mini-laptop computer), acting as
Wearable Server. Over the wireless local
area network, the VAIO U3 connects to a
back-end server, containing the geographi-
cal database.

The P800 provides user access to the
system, functioning as the user interface
and the link to the rest of the components
including the mobile phone network. 

Working features
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The business models for the magicHat are
targeted toward event-based communities
(context). We created specific revenue
models for each context and identified a set
of relevant participating entities (actors).

The goal was to
promote a win-

win situation where actors could efficiently
create a network in which to share
resources, split start-up costs, delimit risk,
and collaborate. We defined the different
scenarios and the respective actors in order
to fully comprehend the potential benefits
for each of the actors in the network. 

The different scenarios include slightly
different actors, but the common denomina-
tor is a combined advertising model with a
modified subscription or rental model. An
efficient network strategy entails a combina-
tion of several models to optimize the busi-
ness opportunities for the participating
actors. 

We envision a set of actors providing per-
sonalized services to end-users. The actors
serve as the system integrator, the infra-
structure provider, the service providers, the
public organizations, the commercial entities,
and the end-users. Given that the magicHat
utilizes existing infrastructure, we anticipate
new revenue streams with low start-up
costs. 

The end-users would typically rent a
magicHat when entering large-scale ven-
ues, such as an amusement park, a ski-
resort, or when visiting a new city as a
tourist. The users are either charged with a
fee to subscribe to the specific services, or
they may be offered the magicHat as a
complimentary service. The rental model lim-
its the expense for the end-users, thereby
decreasing the costs associated with experi-
encing and utilizing a new cool technology. 

The commercial entities would typically
benefit from the advertising model. They

Business model

802.11 –
Wireless internet
connection

compass 
& vibrators

GPS

cordless
camera

Bluetooth
headset

alternate 
GPRS 
internet 
connection

magicHat remote
controller

short range personal area net-
work (PAN) Bluetooth, RF

Picture of the 
experimental set-up
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would advertise to a targeted audience
through a personalized and context-specific
portal, which would increase loyalty and
response from the end-users. The advertis-
ing model is an extension of the traditional
media broadcast model. The commercial
entities provide content, i.e., offerings and
other relevant information and services to
the users, for free. The context-specific
advertisement constitutes the source for rev-
enue. The broadcaster, i.e., the owner of the
network, acts as an information provider.
The advertising model tends to work well
when the volume of user traffic is large or
highly specialized as in our proposed scenar-
ios.

The infrastructure provider would imple-
ment and maintain the systems. They would
sell their services to the respective resort,
e.g., the ski-resort or the amusement park.
They are also responsible for the overall
technical knowledge of the customized sys-

tem. They will be able to gather data about
consumers and their consumption habits
that could be further used to optimize behav-
ior and/or target personalized offerings to
end-users.

To summarize, we believe that the
magicHat concept represents something
unique. We have developed a viable revenue
strategy with the end-users in focus, while at
the same time offering all the actors tangible
benefits. 

context awareness

social space annotation

location awareness

just-in-time

physical space annotation

safe wear

ThinkWearable Book  03-05-26  21.58  Sida 70



Headband. A headband is a half cap that
covers parts of the head and protects the
ears without being a full cap or hat. This cap
design is used primarily by skiers and
responds to one of the business cases for-
mulated by the magicHat team, where for
instance a ski resort or a sports event bene-
fit from the services rendered from this prod-
uct.

The headband is manufactured in fleece
or wool, embedding the different technology
parts and components inside. Some of them
will be visible from the outside, contrasting in
material to the textile. The front piece
includes the digital camera lens. The back
piece allows for an exchangeable battery
pack, etc. The object is designed so that the
technology parts are easily placed in the
“textile tube” of the headband. This is to
allow a high degree of customization and
graphic identity applications, depending on
the user and business concept.

Hat-band. The magicHat components are
placed in a flexible band. This band can be
applied on any of the user’s hats and moved
between them with little effort. Also, a hat-
band is a recognized and expected element

of a hat, and
therefore could

be socially acceptable and blend in with
fashion expectations. All major components
are located together, with the camera ele-
ment in the forefront of the band. Vibrator
elements are embedded in the band to indi-
cate direction.

Remote control and picture viewer could
be adapted in an object similar to the aWare
card. In this design there is a separate ear-
phone clip around the ear for communica-
tion.

Design metaphors
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Tiara. With a high degree of minimalism in
form and independent of the hat itself, the
design captures the different technologies in
the magicHat concept within a continuous
curve that forms an object. Starting by the
ear with an integrated earpiece and bone
microphone, the tiara continues along the
forehead lobe in the front with small internal
vibrators to indicate direction in a non-obtru-
sive way. A side-mounted digital camera sits
at the temple, and at the back, finishing the
curve, is a compartment for central compo-
nents and battery power. The back piece has
an inlay of a transparent logo that glows with
back lighting when in use. The continuous
shape of the object allows for easy change
of size.

Earpiece with back support. This design
is made as an add-on to an existing hat. By
extending the cap with flaps, the functionali-
ty is added. The flap-piece is fastened with a
Velcro strip on the inside of the cap and can
be folded up on the outside when not in use.
The flap piece is made in a soft textile mate-
rial, with the electronics integrated and
embedded in the design. Two digital cameras
explore the world in stereopicture technology.

All-in-one earpiece. This design is located
around the ear of the user. The front part
includes the digital lens. The small speaker
and its position allows for surrounding
sounds to get free access to the ear while
discreetly whispering information to the user.
In this concept, directions are given in voice
instruction. Behind the transparent piece at
the back lies the Bluetooth unit and the rest
of the components, glowing in blue.
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Cap rim. A cap is a widely used hat form.
Caps are more or less standardized and we
take advantage of that fact. By snapping on
to the rim of the cap's peak, all necessary
components are adapted to any existing cap.
Indications for direction are integrated in the
front rim detail using light through fiber
optics. The digital camera unit is located on
the side. An optional picture sight is fixed to
the peak. A separate earpiece includes
microphone and headphone. 

Headgear. This design is borrowing
mechanics and material technology from the
eyeglass metaphor, utilizing high tech mate-
rials like titanium, which allow for a thin and
strong construction of a design structure.
This structure is worn like a pair of glasses,
resting on the lower part of the forehead. A
front loop of the construction makes a dis-
crete arch for fiber optical indications of
directions given by the internal compass and
GPS. A small camera unit is mounted in the
side along with earpieces that are integrated
in the design structure of the object itself. 

Earpiece with pen concept. This design
locates the components of the magicHat in
the area at the back of the user’s head,
under an optional hat or cap. It hooks on to
the ear, acting as a headset, giving the user
access to voice direction and the capability
to use voice commands. The digital camera
capacity and remote control functions have
been separated into a “pen”. When not held
in the hand or elsewhere, this pen can be
placed “behind the ear”, carpenters-style,
clicking in position at a clip on the main prod-
uct. In this position, the digital camera lens
positions itself horizontally, so that it points in
the direction of the person’s eyes. Its ability
to be detachable makes it possible to take
snap-shots when held in the hand.

The user could hold the pen remotely in
their hand and look through the viewfinder
close to the transparent dome top where the
moveable camera lens is placed. Pressing on
the touch-sensitive display screen that runs

along the side of
the pen, one could
take a picture. The
pictures taken are
moving downwards,
like a filmstrip rep-
resented by small
thumbnails, so that
the user could see
what had been cap-
tured and could

easily send selected pictures to someone
else. When not in camera mode, the display
strip serves as a remote control interface.
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mobiHat. This design
builds on the forehead
of the user. Typically,
this part of the head is
fairly generic in size.
The concept builds
around a molding that
integrates all the essential technology and
power cells needed. This part is strapped to
the head with a flexile band. The band has
the vibrator components embedded, and
also allows for mounting of the communica-
tion piece that fits in the ear, keeping all the
pieces together. This object forms the func-
tional entity of this design. This flexible
design also offers discrete and more fash-
ionable solutions, such as textile inlays, that
correspond with the user’s hat or clothes.
The cover plastic piece comes in different
designs.

The design has a couple of key charac-
teristics. First, it allows for a high degree of

flexibility identity-wise: the front cover is
molded in transparent plastic, allowing for a
graphic material to be placed in between
when mounted together. This allows for cus-
tomization of the object.

mobiHat could be used in versatile ways;
the product allows for high quality printed
graphics with logo to be part of the design.
For example: for an amusement park, the
Olympic games, airlines, car manufacturers
or a tourist group; specific graphics and col-
ors are printed, providing for a distinct iden-
tity. There is a long tradition of graphics
applied in this area of a cap, which allow for
a high degree of future explorations.

Deconstructed. A highly modular approach
is used in this design. By isolating every
function of the magicHat to a single entity,
a complete object is created by combining
the desired functions onto an existing hat.
The different objects communicate through
Bluetooth connectivity. This technical per-
sonalization gives a high degree of fashion
design freedom, regardless of what kind of
hat is used.

Illustrated are: 

A. Light bar for directional indication through
LED’s (as an alternative to vibrator direc-
tions).

B. Digital camera for placement in the front
of the hat.

C. Remote control unit that clips on the rim
of the brim, allowing the user to send
basic commands with a “tap on the hat”.

D. Earpiece unit that is placed near the

user’s ear combined with a microphone
for communication.

E. Small vibrator units in different designs
that are placed around the hat, when
using this type of technology for directing
the person (as an alternative to light bar
direction).

F. Control, communication, location and
direction unit, located in the back of the
hat.
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magicTiara
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magicHeadset
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magicHeadband
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mobiHat
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User experience: For the magicHat group,
the application area chosen consists of short-
lived communities that are formed around
events, such as the Olympic games, a visit to
the amusement park, or an airplane trip. 

The goal
is to apply

human body and emotion-centered reason-
ing to enrich the user experience. In such
communities, while interacting with the
physical or social environment, the immedi-
ate user experience might be one of unfa-
miliarity, due to the lack of context-specific
information. For instance, when an individual
arrives in a new town, an amusement park,
or a ski resort, he/she is normally interested
in up-to-date information about the ski resort
and one’s ski buddies. 

Usually, the only way to stay informed of
what is happening in the area is through a
traveler’s guide or some other written source
of information. Invariably, however, these

sources lack real time and contextual and
personalized social aspects. 

Ski hat. After listening to reports of great
spring snow and sunny skies, Magnus and
his friends decide to go skiing at Åre, a
famous Swedish ski resort.

While at the ski rental shop they rent a
magicHat. The notion of keeping up with all
the latest information about snow conditions
and the fact that they will be able to be in
contact with each other makes the
magicHat an attractive service. Another
interesting feature is that they can annotate
and record their skiing endeavors. So they
sign up to use the magicHat for one week.
They all agree that the headband, keeping
the ears warm, looks cool and appealing.

When the group is done at the ski rental
shop they immediately put on the magicHat
and start walking to the ski lifts. In the lift
cabin the system informs them that they
have 5 different slopes to choose from with
differing levels of difficulty, great snow con-
ditions, and it also informs them of the

expected lift queue length at the bottom.
One of the guys is a beginner and wants to
try the easiest slope, while two others want
to do the opposite – go down the toughest
one. The group is split up, but only physical-
ly, with the  magicHat keeping track of one
another. Each time a member of the group
enters a slope that another group member is
in, the system informs both parties. A typical
message looks like this: “Linda has entered
your slope; she is 200 meters behind you” or
“Annika is 200 meters in front of you.” A sim-
ilar thing happens when two members are in
the same lift line, as both parties are informed
about the existence of each other. Each time
a member in the group is in range and in the
right direction of the camera (calculated by
the system) a photo is taken. These pictures
will be used when creating a multimedia pres-
entation of the skiing experience. 

magicHat scenarios
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evening, after the magicHat back-end sys-
tem has integrated their personal records,
the family shares in watching – with faraway
friends – some of the memorable moments
of the day as captured in a multimedia pres-
entation.

Tourist hat. John and his friend are visiting
Stockholm for the weekend. As part of the
weekend trip they are offered a guided tour
in Gamla stan (the Old Town). To their sur-
prise, the guide will not be a human. Instead,
they are offered a great-looking headgear
called the magicHat. It is supposed to act as
their private traveling companion, as well as
a multimedia recorder. They think it sounds
cool and they decide to try it.

At the tourist centre they receive their
hats. Before using them they fill out a pref-
erence form. This form lets the system know
how to personalize the information. John is
interested in architecture, monuments,

Amusement park. Today, the Jonsson
family is going to Skansen, an open-air his-
torical museum. At the entrance they all rent
magicHats. After adjusting their attractive
hats, they start the visit. Information about
the exact personalized schedule for attrac-
tions is delivered almost immediately. The
family does not have to stay in line for any of
the attractions. Instead they spend their time
exploring the museum and they shop for
souvenirs. They do not have to worry about
splitting up and getting lost. The magicHat
informs each family member of the location
of the others. If a meeting is needed, the
system calculates an optimal spot for a ren-
dezvous and then guides the family mem-
bers to each other using the built-in vibra-
tors. 

Holding a camera and taking pictures is a
thing of the past. The magicHat camera is
automatically recording each family mem-
ber’s experience in the park. Later in the
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In my first and inspiring meeting with Pro-
fessor Segall, it was evident to me that here
existed a thinking, an approach to a new and
emerging technology, and as a result possi-
ble artifacts going beyond traditional human-

centered objects.
Subsequently this

also altered the perspective on how to trans-
form these thoughts and technologies into
products, relevant to us as individuals and as
a collective.

The notion of objects that offer real-time
presence of other individuals as well as
methods of directing and capturing our real-
ity as it happens, calls for a particular atten-
tion when entering into the field of design. It
was immediately apparent to me that we
shared a similar passion for these aspects of
technology. The meetings triggered a sub-
stantial conceptual portfolio, sprung out of
the thinkWearable; group’s multi-discipli-
nary setup.

Through the use of metaphors and a
conceptual approach in design, we have
tried to find a way through the accepted
objects of today to a range of possible
objects of tomorrow; objects that are meant
to find acceptance and humbly mix with our
everyday life. At the same time these objects
present radical questions to us. They point
towards a fragmentation of the traditional
object, a deconstruction of the conventional,
exploring the aspects of a technology that
have the ability to come closer to us and in
an unobtrusive way being part of what we
wear. This challenges us to think Wearable.

Nikolaus Frank

Design notes

restaurant offers, famous persons and club
events, all details which are recorded by the
system. The magicHat will then guide him
with nonobtrusive instructions and directions
according to the route. While walking in the
Old Town they start to receive information.
Each time information is sent out they feel a
short vibration in the magicHat. The vibra-
tion indicates the direction of the object that
the information refers to.

When the tour is finished they decide to
go back and return the magicHats. After
returning the hats they are offered a multi-
media CD. The CD contains a digital map of
the area of the tour. The exact route they
took is traced on the map and small icons
indicate where the photos were taken.
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tronic services in general, and personalization
and privacy in particular. Bylund received his
M.Sc. in 1999 and his Ph.Lic. in 2001, both
from Uppsala University. His home page can
be found at www.sics.se/~bylund/ 

Alex Jonsson. , PhD in Media Technology,
KTH (Royal Institute of Technology). Assistant
professor, active in the field of information sys-
tems development for educational and editori-
al environments. Formally at the Interactive
Institute conducting studies within ideas man-
agement and creativity targeting companies
and government organizations within the
Nordic countries. Doctoral studies carried out
in part at the Stanford Learning Lab, Stanford
University, CA. A researcher at heart, having
both theoretical and applied interests, with
extensive experience in media technology,
information management, organizational devel-
opment. Consulting abilities and experience
from a wide range of customer case studies.

Tobias Törnqvist is an independent
researcher and consultant, who after graduat-
ing from KTH founded an IT-consultancy com-
pany – IT Design. Icon Medialab acquired the
company in 1996 and Tobias went on to
research new web-related technologies. One
of the released products was ALAPI, a collec-
tion of web behaviors allowing trivial authoring
of advanced interactive web-based user inter-
faces. Macromedia and Adobe later licensed
the technology in 1998. After relocating to San
Francisco, he led projects developing a web-
based software for licensing music rights –
Licensemusic.com and a member community
for the Internet Service provider PeoplePC.
Homepage:
http://www.camelonta.com/users/tobias/

Fredrik Espinoza is a researcher at the
Swedish Institute of Computer Science
(SICS). He is currently interested in exploring
the interplay between users and their electron-
ic service systems. His Ph.D. thesis, entitled

Johan Mattsson is a researcher and Ph.D.
student in the FUSE research group at the
Department of Computer and System Sci-
ences (DSV) at the Royal Institute of Technol-
ogy (KTH) and holds a Master’s degree in

computer science from Uppsala University.  He
is interested in Post Desktop Computer inter-
action technologies, especially within collocat-
ed groups of users.

Catharina Melian is a Ph.D. student at the
Stockholm School of Economics. She has a
Master of Science in business from Stockholm
University. Her Ph.D. research is on the applica-
tion of Open Source methods to large corporate
settings. In 2001 and 2002 she conducted a
study at Hewlett-Packard collecting data rele-
vant to her thesis work. She has written several
articles on the subject. Catharina has also con-
ducted studies at Ericsson on the subject of
Knowledge Management. 

Ola Hamfors, M.Sc., is an employee at the
Swedish Institute of Computer Science
(SICS). He is interested in improving the end
user's situation in service centric computing.
He received his Master's degree from the
Royal Institute of Technology in 2001. His
homepage can be found at
www.sics.se/~hamfors

Li Wei is a researcher and Ph.D. student at
the Department of Computer and Systems
Sciences, Royal Institute of Technology (DSV/
KTH), Sweden. His research interest is
focused on Ubiquitous/Pervasive computing,
particularly concerning the software services,
applications and the underlying software infra-
structure to support mobile communication
and interaction. His home page can be found
at www.dsv.su.se/~liwei/

Markus Bylund is a researcher at the
Swedish Institute of Computer Science
(SICS). His research interests relate to elec-

People that thinkWearable
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and Communications Research (CIC) at SSE.
BT is since 1993 a member of the Royal
Swedish Academy of Engineering Sciences
(IVA).

Zary Segall is currently holding the
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