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Abstract

A research project on “ambient intelligence” recently launched by NTT Communication Science Lab-
oratories aimsto envision anew lifestyle made possible by communication science. Research and devel-
opment of “ambient intelligence” should bridge the boundaries between technological fields and thus
cover the entire field of communication science, rather than be limited to specific fields. Besides per-
forming the basic R&D, we are striving to get the concept established and conducting design and pub-
licity activities related to ambient intelligence in a comprehensive and strategic way. This article intro-

duces this new project.

1. Introduction

A research project on the theme of “ambient intel-
ligence” (kankyo chinou in Japanese) was launched
by NTT Communication Science Laboratories (CS
Labs.) in October 2004. It is being primarily under-
taken by the Ambient Intelligence Research Group
and the Intelligence Integration Open Laboratory of
CSLabs. It hastwo main purposes. the first isto pro-
pose a new lifestyle that will emerge from research
and development of communi cation science based on
the concept of ambient intelligence and the second is
to break down the barriers surrounding existing
research disciplines and strategically develop the
interdisciplinary area, as symbolized by the term
“intelligence integration”. In this article we outline
the Ambient Intelligence Project and its achieve-
ments to date.

2. What is “ambient intelligence” (kankyo
chinou)?

“Ambient intelligence” implies intelligence that is
al around us. The term ambient intelligence is aso
used for research being pursued in the EU and the
USA. Theaim of those studiesisto produce adesign
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for a future information society by making use of
computers and sensors embedded in the environment
S0 asto create more natural and intelligent interfaces.
Terms such as “ubiquitous” or “pervasive” come
close to describing the concept. However, such R&D
studies tend to focus on computers and sensors, and
as such are geared toward hardware or devices.

On the other hand, our Ambient Intelligence Pro-
ject isfocused more on such things ashearing, vision,
language, and knowledge, which are al related to
human intelligence. The aim isto discover what kind
of communication we really need and to achieve it.
Thisiswhere our “ambient intelligence” differsfrom
such concepts as ubiquitous computing or conven-
tional ambient intelligence. A very rough way of dis-
tinguishing between them would be to think of ambi-
ent intelligence as software and of ubiquitous com-
puting as hardware. Or we could say that ubiquitous
computing is an infrastructure and ambient intelli-
genceisthea gorithms on that infrastructure. In other
words, both are important and complementary fields
of research. That said, the ambient intelligence field
has a greater number of areas that remain to be
explored and isalso closer to communication science.
Concepts such as ubiquitous computing are premised
on the existence of devices and computers and are
concerned with hiding and embedding those devices
in the environment. On the other hand, “ambient
intelligence” is aimed at achieving intelligent com-
muni cation between human beings and their environ-
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ment. Whereas ubiquitous computing is a way of
monitoring the environment in which we live, ambi-
ent intelligenceis something that watches over usand
talksto us.

Many people are likely to associate the word intel-
ligence with robots. Current studies on robotics are
mainly focused on the development of mechanical
control systems. While some robots are being
designed to play the role of acommunication partner,
the communication capability achieved so far is still
at the level of toys. With this in mind, we plan to
apply information processing technology for commu-
nication. That is, we will use NTT's areas of exper-
tise—speech, sound, language, dialogue, vision, data
retrieval, networking, and so on—to enable usto pro-
pose a new style of ambient intelligence that places
human intelligence and intellect at the forefront. That
will lead to a proposal about a future lifestyle itself.
Furthermore, “ambient intelligence” may drive a
robot brain or be embedded in an environment of
ubiquitous computers and networks.

3. The world of fairies and goblins

“Ambient intelligence” is premised on future com-
munication partners that we want constantly by our
side. To devel op this concept, we started by consider-

ing appropriate fundamental features. For example,
such entities will have a personality and be able to
evolve, grow, and express their feelings. They might
seem to have the same level of intelligence as preco-
ciouschildren. They hide nearby and are unobtrusive,
unassertive, and even a little mischievous. They
respond when called and are visible to some people
but not to others, as shown in Fig. 1.

Thisworld of “ambient intelligence” is rather sm-
ilar totheworld of fairiesand goblins, which isfamil-
iar in both the East and the West. This makes “fairies
and goblins” an adequate concept on which to base a
common understanding of ambient intelligence. The
world of fairiesand goblinsis close to the true nature
of ambient intelligence in two respects. First, it isa
world that is familiar to most cultures through their
folklore. Indeed, until recently, it was afamiliar part
of daily life in Japan. When we were children, many
of us imagined fairies and goblins living around us
and guarding us. With the help of information tech-
nology, perhaps we will be able to rediscover various
aspects of this forgotten world. Second, from the
standpoint of modern science, fairies and goblins are
very much a product of the mind. If we search the
contents of our own intelligence, we are bound to
arrive sooner or later at thisworld of fairies and gob-
lins. It is in this sense that the human sciences are

(c) They are mischievous.

(d) They are hidden.

Fig. 1.
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linked to engineering for the sake of communication.
Therefore, thefruits of cognitive psychology research
in CS Labs will aso contribute to ambient intelli-
gence.

Ambient intelligence also provides a means for
communication that speaksto the heart, asfairiesand
goblins used to do. Today, when information technol -
ogy has advanced to such a great extent, the time is
ripe for thinking about new ways of using this tech-
nology in our daily lives as atool for refreshing the
heart and mind. This approach will, we believe,
reveal thefuture of information technol ogy as seen by
the person on the street.

4. The world of mushrooms

We gave the name “mushrooms” to the fairies and
goblinsthat are our idealized vision of ambient intel-
ligence. These mushrooms live in a world called
“Mush-Room”. We gave their shapes and designs
coherence and uniformity. Each mushroom has one
or two specialized abilities, and their (Japanese)
names and shapes correspond to these abilities. Three
examples of mushroom types are shown in Fig. 2.
Keekie hasthe ability to listen, Chacha can speak and
butt in, and Seeshie can provide knowledge acquired
from newspaper articles. Their shapes change asthey
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Fig. 2. Appearance of mushrooms.
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evolveor astheir abilitiesimprove. For example, they
may become more complicated in shape, lose the
dark circles under their eyes, grow longer hair, or
acquire more rings around their body as their know!-
edge increases.

The considerations related to these design issues
may be of secondary importance in terms of research
and development. Nevertheless, inspired by such
designs or shapes, new ideas should emerge. We also
believe that such considerations are important from
the viewpoint of continuously disseminating infor-
mation about the concept.

Another important issue in terms of concept design
is for the mushrooms to evolve, as shown in Fig. 3.
The process and the future perspective of mushroom
evolution represent the progress of the R&D itself
and a road map for the future of “ambient intelli-
gence’. As mushrooms evolve, they approach human
intelligence or intellect. For example, mushrooms
can search their own memories, exchange glances,
lend an ear, listen to a voice, convey thoughts, tran-

scend time, organize memories, keep watch over
someone, spinayarn, peek at theworld, keep a secret,
regale us with knowledge, and give an impromptu
lecture. On the other hand, being mischievous little
mushrooms, they can a so possess people or even poi-
son them. The activities described by these words,
whether performed by human beings or by fairiesand
goblins, conceal the profound intellectual capabilities
of human beings. The world of “ambient intelli-
gence” cannot be produced simply by advances in
thisor that technology. That iswhy we require atech-
nology for intelligence integration that covers the
whole of communication science.

5. Ambient Intelligence 2005

At the CS Labs. Open House 2005, we presented
four demonstrations under the generdl title “ Ambient
Intelligence 2005: say you want me always beside
you, to guard you and to guide you”. An outline is
shown in Fig. 4. Based on the future of ambient intel-
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Fig. 4. Scenarios from Ambient Intelligence 2005.
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Fig. 5. Pictures of real mushrooms at Ambient Intelligence 2005.

ligence shownin Fig. 1, we created some mushrooms
(Fig. 5) and presented some of the scenesin atangi-
ble way using our latest research and devel opment.
We used five kinds of fundamental technology in the
demonstrations.

(1) Sound source separation technology and
speech enhancement: Technology for separat-
ing a mixed sound of three different sound
sources and technology for extracting and
enhancing the voice nearest a microphone
under noisy conditions[1], [2]. Thiswasimple-
mented in Keekiein Figs. 4(a) and (b).

(2) Very large-vocabulary speech recognition:
Technology for recognizing a Japanese speech
vocabulary of about two million words. Infre-
quently used words such as proper nouns or
numerical expressions are also recognized [3],
[4]. Used in Keekiein Fig. 4(a) and (b).

(3) Japanese question-answering: Technology for
estimating answers to a user’s questions within
afew secondsfrom 14 years worth of newspa
per articles[5], [6]. Answers can aso be found
by searching on the World Wide Web in real
time. Used in Sheeshie in Fig. 4(a), Chachain
Fig. 4(c), and Moochain Fig. 4(d).

(4) Ultrahigh-speed media retrieval: Technology
for finding the title of music playing on a CD
from a database of three hundred thousand

piecesof music[7], [8]. Usedin Mookiein Fig.
4(d).

(5) Text-to-speech synthesis: Corpus-based text-
to-speech synthesis technology called “Cra-
linet” developed by NTT Cyber Space Labora-
tories[9]. Used in Sheeshiein Fig. 4(a), Chacha
in Figs. 4(a), (c), and (d), and Moocha in Fig.
4(d).

Furthermore, to achieve even wider dissemination
of our ambient intelligence concept, we produced a
booklet entitled “ The World of Mushrooms” and dis-
tributed it to visitors to our Open House 2005. The
contents can be viewed on our website [10].

6. Concluding remarks

Finally, let us look at the utilization of “ambient
intelligence”. While some of the fundamental tech-
nologiesintroduced here have already been employed
for business, their practical utility must be further
enhanced and new application scenarios must be
found. New ideas leading to future business need to
emerge from the lifestyles created by ambient intelli-
gence ten years from now. We have just started dis-
cussions with various people. We would like to con-
tinue nurturing this project while interacting with as
many people as possible.
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