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Preface

The emergence of a new technical concept that profoundly affects human life
is a relatively rare event. Yet, over the last centuries and decades, we have
witnessed acceleration in the introduction of new society-affecting technolo-
gies. While it took a long time for book printing, electricity, the car and
television to put their stamp on the world and to affect the daily living pat-
terns, information-technology related technologies have been introduced at
an ever-increasing pace. It took the internet and the mobile phone just two
or one decades to profoundly change the way we communicate and interact.

It is our belief that yet another paradigm-shifting technology is now on
the horizon. “Ambient intelligence” is the most commonly used descriptor of
the phenomenon, although in the United States it is often dubbed as sensor
(and actuator) networks. As a third wave of computing, it presents a true
departure from the way electronic devices and humans interact. In the first
wave of computing – mainframes, super-computers, mini-computers, desk-
and laptops, the meaning of computation was centered in a single device,
and users mostly interacted in batch-mode or through a limited interface.
With the advent of the internet and the world-wide web in the 1990s, the
picture changed dramatically. Computation and information access became
a globally distributed concept with data and computation scattered over a
wide range of servers and data storage devices located all over the world.
However, the interface remained quite similar to the previous era. To obtain
data or information, a user has to proactively initiate an exchange.

The “Ambient Intelligence” paradigm differs in two major ways from these
previous generations. First of all, the user interface has become reactive, that
is actions are not explicitly requested but are the result of the mere presence
of people or their avatars (of course, with their explicit or implicit goals
and constraints). Secondarily, the meaning of computation can no longer be
associated to a single device or a set of connected devices, but is located in
the “collection of devices”. This means that the failure of a single component
does not mean that the goal cannot be accomplished.

Yet, new technologies do not appear all of a sudden. After initially being
in the domain of a mere few (just think about the ARPANET of the 1970s
and early 1980s), they gradually emerge into the global market. For this
to happen, potential users have to prepared, convincing benefits have to be
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conveyed, and concerns regarding negative side-effects have to be resolved.
“Ambient Intelligence” is such a new concept. To be successful, it is up to
the advocates of this vision to preach: that is, to make it known, provide
understanding, create demands, shine light onto the concept from various
angles, and discuss various peripheral aspects. Only when this is accomplished
will the technology find broader penetration and begin to accelerate.

These concerns provided the ultimate motivation for the editors to as-
semble this book. As true believers, it is our goal to “preach”: convey the
opportunities and benefits of the ambient intelligence concept, evaluate the
current status and identify challenges and concerns.

To that effect, we have organized the book in three major parts:

• Part I discusses a number of potential applications of ambient intelligence,
and describes a set of scenarios. The part starts by addressing social,
economic and ethical implications. It discusses electronics integrated into
textiles, in smart rooms and intelligent buildings that could make our en-
vironment more friendly and enjoyable, more user-friendly, more effective,
and in addition more energy efficient.

• Part II gives an overview of the networking and infrastructure issues in-
volved in the realization and the implementation of an ambient intelligence
environment. A networked infomechanical system, an operating system, a
service-based application interface and a locationing and timing service are
discussed for peer-to-peer ad-hoc wireless sensor networks. Furthermore,
the security issue is discussed. This part concludes by presenting an alter-
native architecture, namely a network with a star topology, for improved
power consumption and efficient data communication.

• Part III describes the basic components and technologies needed for the
low-cost, low-power, small-size implementation of these ad-hoc ubiquitous
networks of communication and computation nodes. Issues such as pro-
gramming environment, energy supply, privacy and security, packaging and
algorithms for various applications are addressed as well.

This book should appeal to wide range of audiences including the technolo-
gists, the system developers, the application programmers, and the potential
users. As such, it can be used as a reference document for practicing engineers,
but also as a text book for graduate courses that explore the avant-garde of
the information technology age.

Munich Werner Weber
Berkeley Jan Rabaey
Eindhoven Emile Aarts
November 2004
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CH-8092 Zürich, Switzerland
coroama@inf.ethz.ch

David Culler
Dept. of Electrical Engineering
and Computer Sciences
University of California
511 Cory Hall #1770
Berkeley, CA 94720-1770, USA
culler@cs.berkeley.edu

Deborah Estrin
UCLA
Computer Science Department
3531H Boelter Hall, Box 951596
Los Angeles, CA 90095-1596, USA
destrin@cs.ucla.edu



X List of Contributors

Clifford C. Federspiel
Center for the Built Environment
University of California
390 Wurster Hall #1839
Berkeley, CA 94720-1839,USA
cliff f@berkeley.edu

David Gay
Intel Research Berkeley
2150 Shattuck Avenue, Suite 1300
Berkeley, CA 94704, USA
dgay@intel-research.net

Jana van Greunen
Dept. of Electrical Engineering
and Computer Sciences
University of California
511 Cory Hall #1770
Berkeley, CA 94720-1770, USA
janavg@eecs.berkeley.edu

Y. Gsottberger
Infineon Technologies
Corporate Research
Otto-Hahn-Ring 6
81739 Munich, Germany
yvonne.gsottberger
@infineon.com

S. Guttowski
IZM FhG
Gustav-Mayer-Allee 25
Geb. 17.2
13355 Berlin, Germany
stephan.guttowski
@izm.fraunhofer.de

Jason Hill
JLH Labs
35231 Camino Capistrano
Capistrano Beach, CA 92624, USA
jhill@jlhlabs.com

Alireza Hodjat
UCLA
Electrical Engineering Department
56-125B Engineering IV Building
Box 951594
Los Angeles, CA 90095-1594,USA
ahodjat@ee.ucla.edu

Charlie Huizenga
Center for the Built Environment
University of California
390 Wurster Hall #1839
Berkeley, CA 94720-1839,USA
huizenga@berkeley.edu

David Hwang
UCLA
Electrical Engineering Department
56-125B Engineering IV Building
Box 951594
Los Angeles, CA 90095-1594,USA
dhwang@ee.ucla.edu

Wijnand Ijsselsteijn
University of Technology Eindhoven
Den Dolech, P.O. Box 513
MB 5600 Eindhoven
The Netherlands
W.A.IJsselsteijn@tue.nl

Stefan Jung
Infineon Technologies
Wearable Technology Solutions
Balanstr. 73
81541 Munich, Germany
stefan.jung@infineon.com

William J. Kaiser
UCLA
Electrical Engineering Department
56-125B Engineering IV Building
Box 951594
Los Angeles, CA 90095-1594,USA
kaiser@ee.ucla.edu



List of Contributors XI

C. Kallmayer
IZM FhG
Gustav-Mayer-Allee 25
Geb. 17.2
13355 Berlin, Germany
Kallmayer@izm.fhg.de

Jan Korst
Philips Research
Prof. Holstlaan 4 (WAY2.11)
5656 AA Eindhoven
The Netherlands
jan.korst@philips.com

Bo-Cheng Lai
UCLA
Electrical Engineering Department
56-125B Engineering IV Building
Box 951594
Los Angeles, CA 90095-1594,USA
dhwang@ee.ucla.edu

Marc Langheinrich
ETH Zürich
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