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Ubiquitous computing aims at making
computers available throughout the envi-
ronment, while rendering them effec-
tively invisible. Real-world objects that
contain embedded processors and
sensors provide novel ways of accessing
information, but they may also react to
their environment and they may provide
new emergent functionality when inter-
acting with other smart things.

This vision of smart objects in particular
and ubiquitous computing in general is
grounded in the belief that microproces-
sors and advanced sensors will soon
become so small and inexpensive that
they can be embedded in almost every-
thing. It is expected that billions of such
objects will be interwoven and con-
nected together by wireless networks,
forming a world-wide distributed system
several orders of magnitude larger than
today’s Internet. Infrastructures for
cooperating smart objects have to cope
with a highly dynamic environment and
should, among other things, provide
location information to mobile objects,

represent context information, and
enable reliable and scalable service cre-
ation.

One of the major ubiquitous computing
projects at ETH Zurich is the Smart-Its
project. It is one of 16 projects conducted
under the European Union’s
Disappearing Computer initiative within
the Future and Emerging Technologies
programme. Its goal is to develop unob-
trusive, deeply interconnected smart
devices (so-called ‘Smart-Its’) that can be
attached to everyday items in order to

support new functionality, novel interac-
tion patterns, and intelligent collaborative
behavior. Eventually, Smart-Its should be
as cheap and as small as state-of-the-art
radio tags (RFIDs), but in addition they
will also be able to communicate with
peers, and they will be customizable in
their behavior. In order to facilitate a
meaningful integration in their environ-
ment, Smart-Its are equipped with various
sensors providing context information.

Smart-Its only develop their inherent
potential when acting in a collaborative
environment together with other Smart-
Its providing different sensor informa-
tion and services. They require a back-
ground infrastructure in order to access
distributed services, connect to remote
devices, or exchange application-spe-
cific information. Among others, such
services include location and security
services as well as services for the prop-
agation of context information.

The Smart-Its project is conducted in
cooperation with the Perceptual

Incorporation of computing power into everyday objects gives rise to ‘smart things’. To
enable communication and cooperation among such smart objects, new information
infrastructures are required. The Distributed Systems Group at ETH Zurich addresses
the challenges of designing and implementing such infrastructures.

Ubiquitous Computing Infrastructures
by Friedemann Mattern

doctors will help to improve graphical
user interfaces. Two other components
close to testing are: 
• connectionist knowledge representation

(CFR) for individual (human) experts
which/who are not present during
decision-making

• facial expression recognition software. 

Results on these components will be
available in six months. CFR will be
tested by its distributed editing capabili-
ties for expert teams. We see no bottle-
neck for global ambient intelligence.
Today, all essential technology compo-
nents are within reach, including:
• JavaSpaces, the flexible message-

ware between available/existing
software components at various sites 

• XML access control (XACL) for
provisional authorization

• reconfigurable hardware components. 

Sub-components of the project have
potentials for other immediate applica-
tions. 

Individual sub-projects have been and
are supported by: 
• EOARD of US Air Force, London

(Structure based identification of
XML documents)

• Honda Future Technology Research,
Germany (image processing for
humanoid robots)

• Panasonic, Osaka (Software-hardware
co-synthesis with pipeline operation
using intelligent properties).

The figure is about our internet crawler
that combines support vector machine
and RL. Three graphs show the search
patterns of the traditional breadth first
crawler, the state-of-the-art context
focussed (CF) crawler (NEC Institute),
and our crawler. It can be seen that our
crawler travels further and collects more
information (given by the red circles).
The efficiency of our crawler is almost
an order of magnitude better than that of
the state-of-the-art NEC crawler. 

Link: 
http://www.inf.elte.hu/~lorincz

Please contact:
András Lörincz — Eötvös Loránd University, 
Hungary
Tel: +36 1 463 3515
E-mail: lorincz@inf.elte.hu

One of the first Smart-Its prototypes,
based on an Atmel microcontroller.
Bluetooth modules allow communication
between different devices.
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One of the main purposes of an operating
system is to provide the basic mechanisms
to manage hardware resources available
on architectures in order to run applica-
tions in an efficient way. Obviously, its
purpose is not limited to hardware
resources management, it provides all
facilities for their virtualization to make
resources accesses easier.  

Resource management is always the
problem that operating systems researchers
have to solve. Obviously solutions pro-
vided ten years ago, need to be strongly
reconsidered, mainly due to the evolution
of the hardware architectures and also to
new application domains. Some of these
application domains have already been
carefully considered. For example a lot of
research has been carried out concerning
multimedia applications. Here, one of the
main problems is to guarantee a ‘quality of
service’ (QoS) which can be defined in
terms of security, availability or efficiency:
Today, the growing interest for mobile
devices (PDA, cell phones, Car
Information Systems, etc.) requires
advanced researches in the emergence of
‘Ubiquitous Computing’. Intuitively it can

be defined as making computer systems
pervasive, enhancing user interaction with
the environment, as seamlessly as possible.
Obviously context awareness plays a major
role in this area. The Ubiquitous
Computing research area is not new, Marc
Weiser identified it ten years ago.
However, at that time the need of specific
equipment in term of communication facili-
ties or terminals made difficult to imagine
what kind of applications could benefit
from the new research area. Today, the situ-
ation is totally different with the develop-
ment of wireless communication facilities
(eg GSM), the new generation of mobile
phones and PDA, the short distance wire-
less technology (wavelan, bluetooth, etc.).
Some research projects are running, but
they are mainly concerned with the defini-
tion of user interfaces or interaction sce-
narios between the user and its PDA, which
leads to the notion of ‘wearable computers’.
A great deal of research remains to be
done about operating systems to support
Ubiquitous Computing. Reasons for this
are:
• these systems could be considered as

embedded systems as they have to
ensure some minimal running facilities

in a strictly autonomous way during a
mission for which we do not know, a
priori, the tasks which will be run

• these systems may have to ensure soft
real time constraints due to possible
multimedia applications

• these systems have to take into account
the specificity of some kind of
resources, in particular the energy, the
physical context and the mobility of the
user, and the limited amount of some
resources such as memory or CPU

• these systems have to be designed
taking into account the instability of
cellular networks (bandwidth,
connection, etc).

To summarize, we can advocate that oper-
ating systems have to be reconsidered
taking into account constraints related to
the physical environment at large. To do
that, we need to examine the impact of
ubiquitous computing in areas such that
resource allocation, load balancing tech-
niques, scheduling algorithms, etc. It is
clear that a lot of results exist concerning
these activities, but the challenge is to
provide global solutions, which take into
account simultaneously, for example, soft

A research activity at INRIA concerns the impact of Ubiquitous Computing on operating
system design, particularly the aspects related to Java for appliances, Spontaneous
Information Systems and context awareness.
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Computing and Computer Vision Group
(ETH Zurich), the Cooperative Systems
Engineering Group (Lancaster University,
U.K.), TecO (University of Karlsruhe,
Germany), PLAY (Viktoria Institute,
Sweden), and VTT. The research areas
being addressed include: embedded
device development, perceptual com-
puting methods for collective perception,
infrastructures for smart devices, architec-
tures for context-awareness, and evalua-
tion of application scenarios.

At ETH Zurich, we are engaged in
developing and evaluating appropriate
communication schemes and adequate
infrastructures for cooperating Smart-Its.
However, we also interested in security
and privacy issues, since this will be of

prime concern in a world of highly inter-
connected, autonomous smart devices
that will eventually permeate our
everyday lives, effectively placing us
under constant surveillance.

Furthermore, we cooperate with the
University of St. Gallen in the M-Lab
project to identify and create business
applications for smart things in the area of
business-to-business. The goal of the M-
Lab is to build up a critical mass of highly
qualified researchers and practitioners in
the field of applied ubiquitous computing.

Ubiquitous computing is also part of our
teaching activity. Besides teaching fun-
damentals of distributed systems, dis-
tributed algorithms, and Internet tech-

nology, our graduate level curriculum
focuses on state-of-the-art research in
ubiquitous computing. In our ubiquitous
computing laboratory, students can
devise and build their own smart envi-
ronments using handheld devices (eg,
mobile phones or pen-based computers),
ID systems (eg, smart cards or RFID
tags), and wireless communication
equipment such as Bluetooth or WLAN.

Links:
http://www.inf.ethz.ch/vs/
http://www.inf.ethz.ch/vs/res/ubicomp.html
http://www.inf.ethz.ch/vs/res/proj/smartits.html
http://www.m-lab.ch/
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