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Introduction

Ambient Intelligence refers to a vision of the future where we shall be surrounded by electronic environments,
sensitive and responsive to people. Ambient intelligence technologies will combine concepts of ubiquitous computing
and intelligent systems putting humans in the centre of technological developments.

For several years now Ambient Intelligence has been a long-term driver for European research, stimulating research
across multiple disciplines: computer science, electronics and mechanical engineering, design, architecture, social

sciences, to name a few.

Yet, we are still far from realising this vision in practice. The technological hurdles remain challenging and even the
desirability of the Ambient Intelligence vision can be questioned. And how do other emerging directions fit in, like brain-
machine interfaces, the broader convergence of ICT and biology, or the real-virtual confluence?

The following takes stock of what has been achieved and will offer some personal reflections on how the vision and

research agenda for Ambient Intelligence 2.0 may be evolving.

Imagining ambient intelligence

Let us begin by imagining ambient intelligence.
This does not require a great deal of imagination; you
can just think of any space that you know in which
people do things with a certain goal in mind.

For example: my own personal experience arriving
fresh from Europe at a hotel in the completely unknown
place (for me) of Roppongi Hills. The hotel where |
have to be, the lobby of the hotel, and the elevator that
brings me up to my room are all remote and unknown
to me, and yet somehow we, as people, manage even
in these remote places to go through the motion of
arriving and find ourselves before we know it in a
magnificent hotel room. If you think about it, this is an
extraordinarily complex task to perform. How on earth
do we manage to recognize all these different behaviors
that we have to go through in order to achieve what we
have to do. In this case, of course, the hotel staff are
there to help as soon as one enters, so there is nothing
for you to worry about. The ambience is made for you.
The idea of ambient intelligence, however, is that all
these places and spaces are augmented in such a way
that your goal of arriving and getting settled becomes
so natural that you do not even have to think about
it, just as if somebody were to take you by the hand
and lead you through the necessary actions. Here, |
would like to tie this into a fairly recent notion that is
becoming very popular in European philosophy, which
is the idea of enchantement, or the idea of “magical
places.” Think, if you will, of Judy Garland in The
Wizard of Oz, where she walks through a garden that,
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with every step, unfolds in all its magic and splendor.
Ambient intelligence is a bit like that. It is about
people living in enchanted houses, enchanted streets or
beaches, and enchanted offices or forests, and there is
this idea of enchantment as if places are magical; full
of signs and signals that somehow keep you on track
and make life more pleasurable or more effective.

This magic can be used for many things—for
shopping, for healthcare, for managing academia and
education, where we spend a lot of money in Europe—
and so there are a lot of opportunities there.

History of ambient intelligence

The history of ambient intelligence is usually traced
back to the underlying idea of “ubiquitous computing:
anyone, anytime, anywhere, anything” put forward in
a paper by Mark Weiser. This is the idea, which | am
sure is very well known here in Japan, that information
and communications have to be ubiquitous; that
is, accessible wherever you are, at whatever time,
to whoever, and under whatever circumstances.
This was later considerably refined to produce the
notion of ambient intelligence, which was probably
first explicitly used by Phillips Research in Europe,
first in internal meetings in 1998, and later publicly
in 1999. Three shifts in the evolution of ubiquity
to ambient intelligence are identified. At the first
stage, the technology and interfaces are fragmented.
There are devices for this and devices for that with
no interoperability or intercommunication. From
this fragmentation we shift to seamless integration,

where everything cooperates and communicates with
other devices. A second shift that constitutes the
vision of ambient intelligence is from performing a
function toward achieving real-life goals in everyday
environments. And then there is a third shift from the
technology-centric—and you only have to look at the
word “ubiquitous computing” to realize that it is a
technological word—toward a human-centric vision.
This is the vision of ambient intelligence as a means
of enhancing human life, rather than making humans
perform certain functions using technology.

Though these shifts have become gradually more
and more explicit, they remain valid as the underlying
ideas behind ambient intelligence, whose big break
came in Europe in 2001 when it was taken up by a
body called the Information Society Technologies
Advisory Group (ISTAG), which is a high-level body
of industrialists and scientists that advises the European
Commission on strategic directions for research. They
have taken this idea of ambient intelligence, arguing
that this should be what our research should be directed
toward achieving. While this acted as something of a
driving force toward the end of our Fifth Framework
Programme, it was adopted as a specific focus of
the Sixth Framework Programme. (The purpose of
these Framework Programmes for Research and
Technological Development is to plan public financing
of research over longer cycles and to put in place the
necessary instruments for longer-term objectives to
be achieved. The concrete topics are then decided on
a much shorter cycle of one to two years.) The Sixth
Framework Program, or FP6, ran for five years, and
had a rather meager ICT budget of 3.7 billion euros
for five years (the overall budget was of course much
bigger). Nevertheless, considerable work on ambient
intelligence was carried out under FP6, and some of the
results that are currently in place can be traced directly
back to this framework programme.

Now we are at the beginning of FP7, which
commenced on January 1, 2007, and covers a longer
period of seven years. It also has a considerably higher
budget of 9.1 billion euros for ICT research alone,
even allowing for the longer time span concerned.
The European Commission had initially requeted
for the budget to be tripled, and, although we did
not quite get that, funding is still substantially more
than it was before. This is a positive sign, as it
provides an indication of the strong awareness within
European policy that information and communication
technologies are a key driver for growth in all other
sectors, in addition to themselves constituting the
fastest sector of growth in Europe. ICT is thus seen
from both sides as a strategic target for investment,
and the amount of money that is being poured into ICT
research is growing substantially.

Ambient intelligence is more than ubiquitous
computing

One thing that is important to realize is that the core
problem in ambient intelligence is not a technological
one. The technological foundations have already
been laid by ubiquitous computing and ubiquitous
communication. Naturally, there is still a lot to be
done, but the real problem is that of understanding
the functioning of society, human behavior, and social
contexts. There is so much more going on in a meeting
than, say, you listening to me talking, and it will not
be possible to build the “intelligent meeting room”
unless we understand all the mechanisms that are at
play in such situations. You have to have much more
than technology; you need an understanding of the
psychology, the anthropology, the neural signals, and
so on. It is therefore really about understanding all
kinds of reality around us, and then using ICT in order
to use some of those insights to improve the places that
we live in. To give you an idea of how to conceive of
this, it would be proposed that you think in terms of
designing what | call “behavior landscapes.” Spaces
become landscapes in which behavior unfolds, and |
use this image of a hilly landscape to illustrate the idea
that if you move through a place in this manner, you
naturally go into the valleys and stay away from the
hilltops. This behavior landscape, which is orchestrated
in several ways, actually regulates the behaviors of
individuals and groups in space. My interpretation of
behavior landscapes is here inspired by the architect
Friedensreich Hundertwasser, who mainly worked
in Vienna. He produced some very interesting
architecture, such as a ticket hall in a station that has
a hilly floor designed so that people naturally moved
through that space to purchase their tickets and proceed
toward the rail tracks. Other examples of his work
include gardens, where you see this idea of shaping
behavior not only through the use of arrows and other
signs, but also through the physical realization of
space itself. This is the inspiration behind the idea here
of using the landscaping as a means to characterize
ambient intelligence.

The way in which ambient intelligence goes further
than ubiquity is, | think, best captured by thinking of
information as a means to an end. If you are getting
information to people but they do not do anything with
it, then that information may as well not have been
conveyed to them in the first place. Information is a
means to an end, the end being changing what they
do with it—be it immediately or afterwards—and so
affecting what happens in the real world. This step from
stopping at the information, which is what ubiquitous
computing is doing, toward understanding information
and using it as the means to the end, the end being to
“bias” behavior, is a crucial difficulty and core issue
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in ambient intelligence. There are very many ways in
which to bias behaviors, including, as | said, by spatial
means. Design consequently plays an enormous role in
research on ambient intelligence, and a much greater
role than had been anticipated in 2001. It also illustrates
how profoundly interdisciplinary research in ambient
intelligence has to be in order to be successful. Here a
naive technology push will not work.

The informational means can consist not only of
display systems, road signs, and advice systems, but
also laws and regulations, and even very inspirational
signs like colors, which we may use as very implicit
signs to orchestrate behavior in spaces. Symbols are
another obvious means, as demonstrated by the way
in which people behave in churches. Why do people’s
behavioral patterns change so dramatically when they
enter a sacred space such as a church? It is because
of the whole historical development and symbolism
behind such spaces. There is nothing different in the
physical nature of the space; rather, it is the whole
accumulated wisdom and culture that influences
behavior. The question is thus one of understanding
how these things can be brought into contact with
technology as well.

This idea is actually not that new, as one can see
from the literature. The French philosopher Jean
Baudrillard, for example, wrote a very interesting book
called Le systéme des objets, in which he analyzes
how collections of objects create what he called the
“ambiance” that emits the signs and signals that trigger
the enacting of classes of behavior. This and other
studies from the sixties demonstrate that the agenda of
modern-day ambient intelligence was even then already
under consideration, at least from a philosophical point
of view.

State of the art and hurdles

As you will probably recognize, this idea of signs
and signals means that the concept is to be found all
over the place and is not something new. A shopping
street, for example, is full of ways to orchestrate
behavior, and also illustrates sign overload, indicating
that we have perhaps ignored one crucial problem—
the problem of attention—that we are only now
beginning to scratch the surface of in research on
ambient intelligence. We have understood some of the
informational aspects—how people choose, pick up,
and navigate this overload of information and signs and
signals that we constantly encounter, but the question of
how you can focus people’s attention and do something
useful with it is something that we have yet to fully
understood in computer science and engineering.

I would like to suggest that it is actually worthwhile
looking at completely different technological traditions
that may provide us with insights on how to overcome
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this problem. Again, the architectural tradition can
provide us with the inspiration on how to deal with
attention. Consider perspective, which is actually
a means of dealing with attention in architecture.
Perspective was invented and worked on in Italy
by people such as Brunelleschi, and it was initially
a mathematical theory. It was an idea of how space
is viewed and can be rendered on a flat surface to
provide the sensation of depth. To put it another way,
perspective might perhaps somewhat disrespectfully
be seen as a “bag of tricks” for managing attention.
A room in a building, for example, might appear to
have a long corridor with a large arch and statue at the
end, and your eyes are guided down this corridor to
the statue at the end. In reality, however, this one is a
very short corridor with a large arch at the beginning,
and a small arch and a n even smaller statue at the end.
The architect in this case uses perspective to trick the
viewer and manipulate what he or she sees.

There are many other such examples, and in my
own research | consider in detail how we can learn
from urbanism in architecture in order to better manage
attention using technological means. That is one
idea that I suggest should be worked on more in this
emerging field of ambient intelligence.

To summarise, ambient intelligence is foremost a
vision for our future environment. It is where smart
electronic environments are sensitive and responsive
to the presence of people. These are not tools that are
just waiting for people to do something with them; no,
these environments will be proactively trying to help
people in achieving whatever they are trying to do in
those spaces. The ambient intelligence technology is
very much based on electronics embedded in everyday
objects and with very natural interaction, and it should
be context aware, personalized, adaptive, responsive,
and proactive, keeping in mind the goal or vision of
enhancing productivity, healthcare, well-being and so
forth.

This vision has been concretized in a report that
is available on the web from the ISTAG Group 2001,
which describes four scenarios that were developed.
These four scenarios, which still make for interesting
reading even after all these years, map from the very
individually oriented to the socially oriented, and
from the very production and professionally oriented
to the more private life oriented. The idea of ambient
intelligence has subsequently been concerned more
with purely technological integration, with computer
scientists and engineers saying, “Sure, we can do this.
This is something that we understand. We can take
ubiquitous computing, ubiquitous communications, and
intelligent interfaces, and put them altogether to give
us ambient intelligence.” That was the starting point,
and a lot of things have certainly been achieved, as has

been well documented in the international literature.
(Here 1 refer, for example, to the results published by
the ACM on 'The Disappearing Computer' (March
2005), or to research produced by the Fraunhofer-
Gesellshaft in Germany, which has pushed the
development of ambient technologies in the workplace
as an institutional research topic. Another example of
research | might mention is that on games that combine
inner virtual and augmented worlds. In the last 2 years
a handful of books have been published that take stock
of results and trends in ambient intelligence research.)

Progress is consequently being made, but there are
also many elements still missing, and | would prefer to
focus on what is missing, because then I can focus on
what we are currently putting in place to fill in some
of those gaps. What has been achieved is the laying of
numerous technological building blocks; we now know,
for example, how to embed minute technologies into
objects, how to make them communicate, and how to
make use of different types of interface, providing clear
evidence of the advances being made.

There is also a strong sense of shared scenarios (both
optimistic scenarios and darker ones). This has helped
to create a common sense of direction, at least for a
large part of European research community —as almost
like in the case of the Apollo program, one might say—
and that in itself is a big achievement.

Perhaps the greatest achievement to date has been
the development of a strong interdisciplinary awareness.
The idea that | was referring to before that “technology
can do this” is clearly no longer mainstream. What
we currently have in European research is this strong
awareness that ambient intelligence needs to combine
technology with other disciplines, and not only design
and architecture, as | mentioned above, but also
physiology, anthropology, brain sciences, and cognitive
science are becoming central pieces in the development
of this whole vision.

| therefore believe that an important development
in Europe, achieved through European funding
agencies, is that it is now much easier to bring together
researchers in different disciplines than it would be for
them to work together in their own institutions. The
mechanisms for collaboration that we have successfully
put in place allow us to engage in a different kind of
research from that undertaken by individual institutions,
and that mentality shift is in itself a major and lasting
achievement of the European funding of research.

A different but equally significant result of Europe’
s pursuit of this vision has been the emergence of new
practices in research innovation that are the result of
greater links with business, industries, and society, all
of which are very important if you are going to tackle
ambient intelligence seriously and with which research
organizations previously struggled to collaborate.

While there have thus been some positive results,
there have also been some “non-results.” (I avoid the
term “negative” as they are results that are simply not
there.) A key missing element on the technological
side is the “glue” for integration. We may now have
numerous building blocks at our disposal, but we lack
the glue to bind them. If we take the transportation
scenario, we may want to enrich Tokyo with a carpet of
technology that suddenly solves all our transportation
problems, but the number of elements that have to
be brought together to achieve this goal is enormous,
and | believe that one of the things that has been
severely underestimated since the outset has been
the multiplicity of aspects — and thus of stakeholders
- that have to be brought together to realize ambient
intelligence scenarios; not simply in terms of research
topics, but also in terms of deployment, and in terms of
the things that you have to combine and the different
authorities with which you have to collaborate, all of
which is extremely difficult.

Scalable and robust solutions are beginning to
appear, but many of the applications that we see remain
at this stage little more than toys. We can do things
with a couple of hundred devices, but we presently
lack the robust, scalable solutions needed to move to
really large networks of thousands or, in the long run,
millions of devices. The means to analyse and deal
with this kind of complexity of socio/technological
systems that are not centrally designed or controlled are
simply not there. Similarly, we lack business models
by which industry can move in and play its part. We
lack standardization, with some companies pushing
for certain standards and others pushing for their own,
and there is only now starting to emerge a forum for
discussion of standards. | refer here to the European
Technology Platforms and in particular to Artemis,
which is focusing on embedded intelligence.

It is a well recognized reality of Europe that we
have a hard time creating early markets and promoting
early take-up. One current approach is to push public
procurement as a tool to create lead markets. What we
are trying to achieve in the specific field of healthcare
and assistance for the elderly, for instance, is to
establish mechanisms to direct additional streams of
funding at the regional, national, and pan-European
government levels into the early procurement of
advanced ambient intelligence technologies to realize
support systems for these target groups.

Despite all these hurdles that remain to be
overcome, a survey of experts carried out by the
German government last year indicates that many are
optimistic that ambient intelligence should become a
reality in little more than a decade, and that some of the
technological problems will in fact be solved in as little
as five to seven years.
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The preconditions are also starting to be put in
place for this kind of technology to be picked up.
The traditional indicators for this are, for instance,
broadband penetration, which is expanding nicely,
and mobile penetration, which is about 100 percent in
some European countries, and, on the average, about
72 percent, which, though not on the same level as
in Japan, is certainly getting there. The technological
capabilities are there, and the renewal of the skill
basis in engineering and science education needed
to deal with some of these issues in interdisciplinary
research is progressing. We are also starting to reverse
the brain drain, which has long been killing European
research, and we are now trying to encourage European
researchers to return to Europe, or to stay in Europe,
while at the same time attracting top researchers from
other countries, including Japan, with some success.

Spectrum regulation is something that is currently
very high on the political agenda in Europe, as reflected
by initiatives from the European Commission to
optimise the use of radio spectrum. To the layperson,
that may seem like a minor detail, but it is in fact
crucial if currently inaccessible frequency bands are to
be freed up to allow their more flexible use. There are
hurdles, as | said: system level integration, experience,
design, and business R&D, which is still under
financed. Although public funding for research is going
up and we are slowly but surely catching up with the
rest of the world, business investment in R&D remains
relatively low. There is also the aforementioned
problem of lead market creation, along with trust and
privacy issues. These are all rising up the agenda and
will need to be dealt with.

Where do we go from here?

Technically speaking, there is recognition that there
exist major bottlenecks at the application level, for
instance with context-awareness and autonomy, and
experts recognize that there is a greater than 50 percent
chance that the underlying technologies will not be
achieved in 10 years. There are also key potential
technological bottlenecks, like energy, human-machine
interfaces, and security—that require more attention.

In spite of all those difficulties, there is a strong
conviction that ambient intelligence has a lot to offer
Europe and that it may well become an essential
element for facing fundamental challenges for a
sustainable future European socio-economic model.
Population aging will have to be faced, global
competition must also be dealt with, and global
warming and security concerns, too, present major
challenges. There are many others.

There are strong arguments for ambient intelligence
having something to offer in respect of each of these
challenges, and the focus currently is on redirecting
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some of the thinking and some of the orientation
of programs toward specifically addressing these
challenges head on, though the funding available for
such action is of course limited.

In short, while FP6 produced some results, it
left some things to be done in terms of research and
technology development, and these were incorporated
into FP7, which began recently. FP7 has a seven-
year ICT budget of 9.1 billion euros, which is roughly
1.3 billion euros per year that we are spending on
collaborative research to develop further the idea of
ambient intelligence. The programme is structured
in a more focused way than previously, so we have
horizontal areas of activities, which are the enabling
technologies, and we have four vertical activities,
which are like scenarios of ambient intelligence.
Particular focuses are: ICT for healthcare applications,
ICT for mobility (e.g., transportation, personal mobility,
and public transportation) and sustainability, and ICT
for independent living, inclusion (which deals more
with the digital divide), and the graying population.

These are the focus areas for realizing ambient
intelligence, and they are underpinned by a policy
framework that is being worked on at the legislative
level within the European Commission concerning,
among other things, radio spectrum use and
standardization (including, for example, a recent
agreement on standards for mobile TVs). Uses of
RFIDs, which raise a lot of concerns regarding privacy
issues, is also being closely monitored. There is already
at a very practical level the push to move from IPv4
to IPv6, which will enable what has been dubbed
the “internet of things” i.e., the internet not just of
computers but of any kind of object and people. This
is also linked to the implementation of a series of
flagship projects of ambient assisted living, which is
the application of ambient intelligence to living for the
elderly, intelligent cars and intelligent transportation
systems, and other areas that are less linked to ambient
intelligence as such.

Ambient intelligence and future and emerging
technologies

All these elements taken together lead to the idea
that what started as a vision for a future environment
to live in has become a machine for research and
innovation where, almost as a side effect, Europe has
put together different building blocks in a coherent
framework for financing research, for bringing R&D at
the industry level up to speed, for financing innovation,
and for bringing users into the loop, all of which
are elements that bring about a new dynamics for
innovating toward realizing ambient intelligence in a
number of key strategic areas.

That automatically implies that ambient intelligence

is a moving target, and that we are building things
whose ultimate forms are presently unknown. We
face many challenges, one of which being the “dark
scenarios” that raise privacy, identity and security
concerns and it remains to be seen whether and how
public acceptance is to be obtained for technologies
of this kind. There is a competition between utopian
and dystopian visions, and there are new technologies
emerging that are completely changing the picture.
Regarding these utopian and dystopian visions, for
example, there is of course the fear of the “Big Brother”
scenarios that always raise their heads when the subject
turns to ambient intelligence, and one might well argue
that ambient intelligence is not about programming
the world. It is not about viewing the world as a great
algorithmic machine, and then performing social
engineering to make it function better, which is an idea
that people do not necessary like either. (Incidentally,
this is taken from a recently published book entitled
European Visions for the Knowledge Age, which
explains the different future visions, all of which are
built somewhat on ambient intelligence, and explores
the positive and negative sides to them.)

New technologies are appearing that redefine what
is possible, and that definitely increase complexity at
all levels. Consider, for example, the recent Hitachi
RFID results. If you think about what is possible with
RFIDs thatare smaller than the diameter of a hair, and
if you consider the many billions and trillions that you
could spread out over the world, then you will see that
there is a real complexity problem to deal with.

There are at least two trends that in my opinion will
be particularly crucial to understanding where ambient
intelligence may be heading in the long run. One is the
real-virtual convergence. Ambient intelligence started
as a vision for an augmented space that is essentially
reality. But more and more we see reality and virtual
reality being blended together, and that changes the
picture and brings into the area of research the problem
of perception, so a lot of the work that we are currently
funding in terms of research is actually looking at the
neural science of perception and cognition and of what
it means to be “you” in an environment (‘Presence’).
Ambient intelligence is definitely going to change
that idea, and what it means to be you in a mixed

real-virtual environment. The popularity of virtual
environments like Second Life even amplifies the issue:
what does it mean to be you if you lead different lives
in parallel?

A second trend to mention is another form of
convergence that is now emerging: the convergence
between biology and ICT, which has implications for
the confluence between human and machine. This is
an area in which we are funding a lot of work, one
example of which being a series of projects to mix
neurological tissue with chip (ICT) tissue to build
completely new types of processing devices or of brain
interfaces, with implications for prostheses, such as
a cyber-hand that is probably the best artificial hand
in the world. The results of other such research have
implications for social structures, as is apparent from
one study is which micro robots and cockroaches were
studied to understand how they can jointly develop
social behaviors.

One may also think of the “Replie Q1” robots by Dr.
Ishiguro, Osaka University, and more recent results that
make the distinction between human and non-human
debatable. So what do you do with these developments
in an ambient intelligence context? There are the results
of human augmentation, such as the HAL exoskeleton
research from Tsukuba University, and | could go on.
All this illustrates how ambient intelligence is going to
be a fluid concept that will need to be adjusted to the
reality of what is desirable and technically possible.

Conclusion

I would like to say in conclusion, that Ambient
Intelligence has been and is for Europe a strong guiding
vision, though it remains to be achieved. All kinds
of developments — socio/economical, scientific and
technical ones - are going to redefine the picture, which
is why ambient intelligence is a moving target, and
will remain so for some time to come. But the value, |
have argued, is very much in the process that is driving
it foreward. Increasingly, we have sought to see that
ambient intelligence brings together mechanisms for
research and innovation that will be widely applicable,
and the organizational changes and mentality shifts that
it is bringing along will be instrumental in many other
areas that we will start working on in the future.
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