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Research on the Five Senses by AIST
is making great strides

Information Technology of the Five Senses seen from 
the social perspective

During the last several years, the terminology of “Information 

Technology on Five Senses” has garnered attention from various areas. 

As far as I remember, that wording was fi rst used in a report submitted 

by the Electrical Communications Technology Meeting: “Basic 

Plan on Information Communications Research Development”. My 

recollection of that time paints it as a suggestion that we would need to 

investigate such a new fi eld and to explore it because we had entered 

into a situation in which new information interface technologies, such 

as virtual reality (VR) technology, were beginning to be introduced. 

More than four years have passed since then, and this wording now 

seems to imply that this technology is rather closer to the industrial 

world in addition to its recognized importance as a keyword in 

research work.

We could say that one background in which these changes are 

occurring is that our society is now more mature than ever. People 

now demand not products made based only on functionality and 

effectiveness, but those products that penetrate into our sensations. 

Now, fi ve senses technology is required to produce such products to 

satisfy people s̓ demands.

One more interesting aspect of technology is that information 

technology itself has changed to a mobile-type: it is becoming much 

clearer to everyone that we are facing a new phase of technology. 

Mobile-type information processing can function while the user is 

moving physically from one place to another. Therefore, we require 

new types of interfaces that differ starkly from ordinary visual 

interfaces. The Information Technology of the Five Senses is thus 

requested to exist in the sense of multi-level modality.

AISTʼs research topics that are fully associated with 
Information Technology of Five Senses

One field that is associated with this technology in AIST is the 

information communications field. However, it is certain that the 

Information Technology on Five Senses is now leading the field 

to a new direction. Now that information processing technology is 

greatly progressed, say, to the extent of what it can achieve, it is more 

important to discuss what we might construct on top of that foundation. 

In other words, what could we possibly need in the upper levels of 

human structure? Research exploring Information Technology of the 

Five Senses is similar to that exploring human sensations. We could 

say that such subjects are closely related to the upper levels of human 

structure.

Information Technology 
on Five Senses
Information Technology 
on Five Senses

Tactile display

System of remotely acquiring 
image data in an ambulance

Michitaka Hirose    Research coordinator (Information Communications)  

Medical and welfare industry
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Another field that is associated with research on the five senses 

is life science. The Information Technology of the Five Senses is a 

new research field that functions astride the studies of information 

technology and life science. Especially, it implies the possibility that it 

brings basic research work of life science to IT industries in a wholly 

different context. What is interesting in life science research work is 

the fact that new techniques like genetic research are beginning to be 

added dynamically to traditional research on human sensation. For 

instance, some new genes have been found for the sense of smell, 

which has been said to be a relatively enigmatic sense. In this manner, 

new knowledge is added gradually.

I feel sure that Information Technology of the Five Senses is the 

vanguard of a new current in our industrial world that has tended 

toward a standstill.

Future supported by research on five senses information

Research on 
five senses
information

Sense of sight, and colors
Sense of hearing
Senses of taste and smell
Somatic sensation
Physical exercise
Speech

Most important content 
for the human
Most important content 
for the human

Information technology 
for society to change 
for individuals

         Elimination of 
       distance 
      between 
    the doctor and 
  the home

Non-aggregated 
individual information

Personalization Personalization 
of informationof information
Personalization 
of information

Whole life 
information

Portable

Ease
Excitement

Security
Security
Privacy

Reliability
High accuracy
Short time
Standardization

Peace of mind 
With various aspects
Long time
Fuzzy

Measurement 
of 
measured data

Medical 
information

Information 
on living

Ubiquitous 
medicine

The aging society
Pleasure
History and culture

Importance of measurement is invariable

Remote support system for visually impaired persons
Thin-fi lm pressure sensor 

Color rendering equipment

Safe driving support system

Life supporting robot system

Mobile audiometer

Wearable type tactile display (provided by Research Center for 
Advanced Science and Technology of Tokyo University)

Wearable type olfactory display 
(provided by Research Center 
for Advanced Science and 
Technology of Tokyo University)

fi gures : by Takashi Hiraga (Principal Research Scientist of Photonics Research Institute)

Medical and welfare industry Industry of various sensors

Industries supporting businesses of education, 
culture, and leisure
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Focusing on multiple sounds using 
super-distributed microphones and 
speakers
Satoshi Kagami     Humanoid Interaction Team Leader , Digital Human Research Center

Listen and recognize a sound, then 
emit it to wherever intended

Our environment always includes a vast 
number of flowing sounds. We human 
beings listen unconsciously to what we 
think we need. Robots, however, would be 
incapable of picking up only the information 
they need out of the sounds captured by 
a microphone. In addition, no technology 
has yet been established to provide a sound 
to a specifi c place at home or in the offi ce. 
In light of these facts, we are researching, 
using numerous microphones and speakers, 
a means to allow us to provide sound only to 
those places that need it, or to catch sounds 
that exist only in the place we specify.

Super-distributed microphones and 
speakers, and sound focusing

Super-distributed microphones and 
speakers are sound devices comprising 
several hundred microphones and speakers, 
each of which is aligned in an array form 
(positioned in a regular disposition). Inside 
the array, we can capture sound that is 
focused on any arbitrary point, or otherwise 
capture sound out of that position, both of 
which can be accomplished by adjusting the 
phase of the wavelength or the amplitude 
of the sound waves emitted from each 
sound device. At that focal point, we can 
differentiate and separate the sounds that 
come not only from one sound source, but 
also from multiple sound sources. A system 
that is set up in this way consists only of 
inexpensive sound devices and a PC, which 
are then controlled by software with a real-
time based OS so that no problem obstructs 
its use for various environments.

Sounds pass through air at about 340 m/s. 
Therefore, with many sound devices placed 
in that air, the time every sound reaches each 
device varies depending on the distance 
from the focus. Knowing and using this 
fact, it is possible to select one sound and 
intensify it specifically by setting a sound 
focus at one location and adding the time 

difference of each sound coming from that 
point to compensate.

What can we do with super-distributed 
microphones and speakers?

A set of super-distributed microphones can 
capture and recognize one sound from all the 
different sounds that are audible from various 
directions. Therefore, it can be used as a robot 
ear, for example. Development of a system 
that can record the minutes of a meeting 
automatically is now underway. Using 
super-distributed speakers, the sound can be 
heard only at its focus position. Therefore, 
such a system could be used to listen to, for 
example, only the right-guided voice at the 
right exhibit in a museum, or to change the 
voice alternately for a group of adults and for 
a group of children. Another example is that 
it might be possible that only some groups 
in a living room could hear and appreciate 
television or the movie while no others in the 
room would be able to do so, or be bothered 
with doing so. With these examples of 
applications in mind, a room-sized prototype 
system is under development.

Industry forum on fi ve senses
Toward horizontal unity among studies of the fi ve senses
Yasuhiro Nishida    Assistant Director, Osaka Science & Technology Center

Photo: 128ch Microphone arrays allow fi ve people 
to each listen to a different sound

Osaka Science & Technology Center has made the “Industrial 
Forum on Five Senses” take off in 2004 after it had spent longer than 
a year on the runway.

Five senses technology (technologies related to any of the five 
senses such as sensors or information on sensation) as well as systems 
and products made using such technologies are steadily improving 
to create a “high-quality, safe, secured, and healthy society.” On 
the other hand, the important necessity is not the achievement of 
superfi cial convenience, but fi rmly based technologies, systems, and 

products to recognize and address the differences of each individual 
of every generation in every activity. From that vantage, it seems to be 
a requirement that fi ve senses technologies apply to improvement of 
human life and society from a social scientifi c perspective: we should 
seek a new paradigm for these technologies̓  development.

Based on the background described above, the forum has been 
established to allow a new industry (Five Senses Industry) to start 
and extend to seek a high level of amenity, and perform the following 
practical activities to assist people to:

Figure:  128ch Diagram showing actual 
measurement of the sound fi eld with one sound 
focus using speaker arrays 
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Industry forum on fi ve senses
Toward horizontal unity among studies of the fi ve senses
Yasuhiro Nishida    Assistant Director, Osaka Science & Technology Center

Organic device in ubiquitous
information society
Kiyoshi Yase   Deputy Director, Photonics Research Institute

・ Create a personal network and a research community across fi elds of 
technical aspects or social life aspects with respect to the fi ve senses;

・ Exchange information regarding fi ve senses technology and its needs;
・ Plan and promote various research and development projects regarding 

fi ve senses technology;
・ Establish a vision for the fi ve senses industry;
・ Investigate and advise on aspects of fi ve senses technology and industry 

to work on a new promotion policy or to plan a new base creation.
Up to the end of December 2004, we have opened the forum 

five times with 800 participants in all. In addition, we have forum 
members of nearly 250 people from over 200 companies who have 
joined at present, meaning that cooperative activities made by industry 
and by academic and government organizations are steadily and 
passionately moving forward to support “Five Senses Industry” in its 
establishment and growth.

Figure 1:  Photo of light-responsive organic EL device 
when illuminated

Figure 2:  Characteristics of C60MC12-
TFT produced by spreading method

Toward a society to accomplish
safety, security and good health

[ Five senses industry ]
Industries seeking high-level amenity using five senses technology

Industrialization for
the five senses

Human
life

New technology paradigmFive senses technology
Sensing, 
information communications, 
robot, 
nano-technology, 
biotechnology, etc.

Toward better safety
Toward better security
Toward better health
Toward better environment

Interface
Universal design
Traceability, etc.

[ Industries to support life ]

City, residence and space, and medical treatment, health and welfare 
Lifeline, security, electric household appliances, precision machines, 

image data, transport, distribution, foods, hotel, etc.
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As information society is becoming more 
advanced, more needs are demanded for 
ubiquitous information household appliances, 
which allow users to access information at 
any time from any place. Among others, 
organic devices, as represented by organic 
electroluminescent (EL) devices and the 
thin film transistors (TFT) are expected to 
apply more for soft and flexible information 
electronic devices such as electronic 
newspapers. Organic materials have “light 
and soft” characteristics in contrast to non-
organic materials. The organic EL display has 
been already commercialized and used for 
cell phones and displays for digital cameras.

Development of organic EL devices 
that capture outside light effi ciently

Our research group is working on 
development of “photo-responsive organic EL 
devices” by putting a layer of a photoelectric 
transducer (organic photo conductor (OPC)) 
into an organic EL device. Emitting light to 
that device, photo carriers are produced at the 
OPC layer. The carriers are then injected into 
the organic EL layer, thereby improving its 
intensity.

Figure 1 illustrates that light radiation. 
Emitting near-infrared light (780 nm) to a 
device with 3–6 V applied, only the emitted 
portion radiates green light (in the switching 

mode: left side of Fig. 1). Applying 6 V or more 
to the device, the entire device radiates green 
light and the radiation intensity increases 
at the place where the near infrared light is 
irradiated (in the amplification mode: right 
side of Fig. 1). In the future, we anticipate 
developing a “lighting apparatus responding 
to brightness” by having a higher sensitivity 
around the visible range of the OPC layer 
so that it can recognize the environmental 
brightness. Consequently, it will be irradiated 
with low intensity in a dark place and with 
high intensity by absorbing light in clear 
weather outside, for example.

Development of n-type organic TFT 
of high performance by applying 
spin-coating method

In addition, organic TFT is now receiving 
attention for use in RF-ID tag or organic 
EL, which is driven by organic TFT circuit. 
Particularly, the development of organic 
semiconductors that are soluble in solvents is 
becoming more popular recently because, if 
done successfully, it would allow production of 
organic TFTs with a large area at low cost by 
the associated printing law.

Our research group newly developed the 
C60 derivatives(C60MC12). Using an alkyl 
chain, which can become soluble in the solvent, 
we can produce a highly crystallized thin fi lm 

using the spin-coating method. Figure 2 shows 
characteristics of the C60MC12-TFT. The 
electron mobility is 0.09 cm2/Vs, which shows 
the best value of all the n-type organic TFTs 
produced by the spin-coating method.

Based on this success, we accomplished 
the same level of electron mobility as of 
p-type semiconductors (polythiophene) that 
were made using the spin-coating method, 
which means that both p-type and n-type of 
organic semiconductors became available. 
As a consequence, not only has that circuit 
designing become more flexible, but organic 
devices can also now be produced even on 
a soft and flexible base like plastic, which is 
allowed by the new printing law. It is expected 
that the actual use of in the real world would be 
accelerated by the use of this new technology.
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Haptic Displays - Information Displays 
for the Sense of Touch
Juli Yamashita   Institute for Human Science and Biomedical Engineering Skill Research Group

Haptic display
What does the word "display" make you 

think of? We must look at a "visual display," 
such as a "liquid crystal display" to "see" 
or understand information processed by a 
computer. In other words, a visual display 
is a device that presents information to our 
vision.

A "haptic display" is a device that enables 
us to "touch and feel" information in a 
computer. The word "haptic" means "relating 
to or based on the sense of touch." A haptic 
display allows us feel such information as an 
object's hardness, viscosity, and warmth that 
would be diffi cult to see on a visual display.

Haptic≃Cutaneous + Kinesthetic ?
The eye is the only organ of vision that 

accepts light signals. In contrast, the sense 
of touch is a very complex and unified 
sensation felt by many kinds of receptors 
in the body. In this article, let us divide 
"haptic" into two categories, "cutaneous" and 
"kinesthetic."

The cutaneous sense is mainly felt by the 
skin, which is the largest haptic organ and 
contains several different kinds of receptors 
responding to pressure, temperature, skew, 
and tension. With this sense, we recognize 
the roughness of a surface, or surface 
texture, vibration, and temperature of an 
object. 

The kinesthetic sense, or kinesthesia, 
is a sense mediated by receptors located 
deep inside the body, such as muscles, 
tendons, and joints, and stimulated by bodily 
movement and tension. We use this sense to 
recognize the physical shape and softness of 
an object in the hand; we capture its shape 
through joint angles and feel its softness by 
the tension of associated muscles or the force 
we apply.

These two categories actually are not so 
clearly separated, however; for example, it is 
reported that skin stretching or shrinking (i.e. 
cutaneous sense) around a joint affects the 
sense of its angle (kinesthesia).

Various haptic displays
In the last two decades, many kinds 

of haptic displays have been researched 
and developed. The variety of devices is a 
consequence of the complex nature of this 
sense and the mechanisms to artificially 
stimulate it. Cutaneous displays showing 
surface texture by stimulating the skin can 
be implemented using an array of thin rods 
that vibrate or poke out (Photo 1), a thin fi lm 
with well-controlled vibrations, and even an 
electromagnetic stimulator of skin receptors.

The basic idea of a kinesthetic display, or 
a force display, is to immediately evoke the 
"right" reaction force when the user touches 
a virtual object. Displays in this category can 
also vary widely, including an "exoskeleton" 
type (the user wears an "armor suit" device 
controlled by motors and computers to 

Figure: Comparing the Max. Exertable Forces of Point-Contact-Type Force Displays
The point-contact type is the most widely used force display (commercial products are shown as 
outlined symbols).

Photo 1: Cutaneous displays (rod-array type)
LEFT: This display has been developed for the blind; letters and diagrams can 
be drawn by feeling pins pressed using the finger projection (courtesy of Mr. 
Shinohara, Human Science and Biomedical Engineering, AIST, Japan).
RIGHT: A computer mouse equipped with a small pin-array display (see enlarged 
image in the circle). A user can feel information around the mouse cursor through 
level-controlled pins (courtesy of Prof. Shimojo, The University of Electro-
Communications).

Comparing the Max. Exertable Forces of 
Point-Contact Type Force Displays
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6 DoF Cartesian type device

2-dimensional shape manipulation system
Industrial Products Research Institute 
(currently AIST)(JPN) 1988

National Institute of Bioscience and Human-Technology

ForceMASTER
FCS Robotics (HOL)

(The present AIST)(JPN)1994

PHANToM Premium 3.0/6DOF
SensAble Tech. (USA)

PHANToM 1.0
SensAble Tech. (USA)1995

SPIDAR-G
CyVerse (JPN)

Freedom 6S
MPB (CAN)

Cubic 3
MPB (CAN)

Tangible Mouse 
Fuji Xerox (JPN) 1999
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Research and development of olfactory displays
Yasuyuki Yanagida
Meijo University /
Advanced Telecommunications Research Institute International (ATR)

Recently, researchers of the information-related technology 
have come to join research and development work on olfactory 
displays; new approaches are now being pursued in this fi eld. These 
researchers aim at using smells as computer-controlled media, as 
well as using olfactory displays as tools for aromatherapy or for 
research on the sense of smell. Various trials are now underway, 
for example, to use smells as an implicit information output from 
computers, or to add an odor to the world of multi-media applications 
and virtual reality (VR).

Among others, VR-oriented olfactory displays are actively 
pursued in Japan. For example, a wearable olfactory display has 
been developed at the University of Tokyo that can supply odors 
to a person who walks around in a VR space. An arm-mounted 
interactive olfactory display has been developed at Nara Institute of 
Advanced Science and Technology, focusing on the behavior when a 
person tries to pick up something to smell. In ATR, a scent projector, 
which delivers the odor locally to the nose without requiring a user to 
wear anything on the face, has been developed.

These types of olfactory displays are capable of providing smells 
synchronously with other interactive contents, so that they are 
expected to stimulate people to fi nd a new way of using odors.

Scent projector

Photo 2: Examples of "Force Display"
LEFT: Six degrees-of-freedom (DoF) Cartesian-type force 
feedback device (National Institute of Bioscience and Human-
technology (currently AIST), 1994.) "DoF" indicates the number 
of directions in which force can be rendered by the device. In the 
three-dimensional world in where we live, six is the maximum DoF 
(three each for parallel and rotation). The device is a point-contact 
type force feedback device with six DoF with the largest exertable 
force (see Figure).
Right Top: PHANToM Haptic Interface (SensAble Technologies, 
Inc., U.S.A.) This is the most commercially successful device in 
the world (point-contact type, 3 DoF), developed in the MIT AI 
Laboratory in the early 1990's. With this device, you can touch a 
virtual object with the tip of a stylus in your hand.
Right Bottom: GyroCube (AIST, Japan, 2001.) This is a torque 
display of three DoF, developed as a portable direction pointer 
(courtesy of Dr. Nakamura, Human Science and Biomedical 
Engineering, and Prof. Fukui, University of Tsukuba).

create reaction forces through the armor), a 
"point-contact" type (making the user touch 
a virtual object using the tip of a "tool" in 
his hand; the "tool" is controlled to show a 
reaction force to the user so that he can feel 
the tip touching the object; Photo 2), and a 
"torque" (a force that produces rotation or 
torsion) display (Photo 2). Among these, 

System concept

the point-contact type has already been 
commercialized (see Figure). Since the late 
1990's, point-contact-type force displays 
have been used as three-dimensional input/
output devices in computer-aided design 
systems, virtual surgical simulators, and 
rehabilitation systems.

At AIST, we conduct research into the 

display of haptic information by measuring 
and clarifying the haptic characteristics 
of humans and the development of haptic 
devices.

Nose detection
and tracking

Aiming at
the nose

Air cannon

Delivering
scents by
vortex rings Camera

Platform
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Obstacle perception training system for 
rehabilitation use
Yoshikazu Seki
Accessible Design Group, Institute for Human Science and 
Biomedical Engineering

Figure 1: Obstacle Perception 
Training System 
A virtual obstacle is reproducible so 
the beginner can readily learn

Figure 2: Reproduction of a sound fi eld (left in diagram) artifi cially in 
which a wall exists using a loudspeaker array (right in diagram).

Figure 3: Sound Field CD for Obstacle Perception Training. Training can 
be accomplished using a home audio device.

Perception to recognize a silent object
“Obstacle perception” is the ability to 

sense the existence of an object (like a 
wall, for example) that makes no sound. It 
is achievable using hearing based on the 
reflection or insulation of other sounds in 
the environment, which is an important 
environmental perception capability used by 
visually impaired persons. Training to have 
visually impaired people perceive obstacles 
around them is an important factor in the 
education or rehabilitation to allow them 
join and participate in society. However, 
that acoustic mechanism remains little 
understood. For that reason, current training 
must rely mostly on as much experience as 
they can get.

Obstacle perception training system 
Against that background described 

previously, we aggressively investigated this 
issue to elucidate the acoustic mechanism 
for obstacle perception. We developed a 

new training method to utilize acoustic 
technology ahead of the rest of the world 
so that training can be accomplished more 
scientifi cally.

The fi rst developed “Obstacle Perception 
Training System” is capable of calculating 
the activity of an acoustic fi eld surrounding 
an obstacle. Based on that, it can artifi cially 
reproduce an identical situation in which 
virtual obstacles are represented by the 
associated sounds. Therefore, even a novice 
can learn obstacle perception easily (Fig. 
1). In a situation in which an obstacle exists, 
the listener can be reached by the “direct 
sound” coming from the sound source in 
addition to a “reflected sound” that comes 
after the direct sound hits the obstacle and is 
refl ected. Using a computer to calculate each 

sound s̓ direction, along with the delay time 
of the refl ected sound, then reproducing each 
sound emitted from loudspeakers placed in 
each associated direction, we produced a 
sound fi eld that made us feel as if there were 
an obstacle even though nothing existed 
physically in that location (Fig. 2).

Using this technology, we can alter the 
direction, size, and distance of the obstacle. 
In addition, we can produce a new situation 
that would normally be impossible to have in 
the real world merely by adding or removing 
environmental sounds, and intensifying the 
refl ected sound. Thereby, we can reproduce 
virtual obstacles any time so that beginner to 
learn obstacle perception without diffi culty.

Introduction of a rehabilitation 
system for home use

One problem is that the resultant 
“Obstacle Perception Training System” is so 
expensive and large-scale that it is difficult 
to use in the real world where training for 
visually impaired persons is conducted 
or where rehabilitation is taking place. To 
surmount that obstacle, we have developed 
and are providing an “Sound Field CD for 
Obstacle Perception Training” which is 
recorded with acoustic data that reproduces 
a virtual obstacle so that the training can be 
accomplished at home using an ordinary 
home audio device (Fig. 3).

Currently, a simple version of the 
“Obstacle Perception Training System” is 
placed at National Rehabilitation Center 
for Persons with Disabilities. It is used as a 
training material for rehabilitation workers 
for the blind. As many as 200 copies of the 
current version, Ver.1.0, of the “Sound Field 
CD for Obstacle Perception Training” are 
now available and provided free of charge 
for visually impaired persons and other 
interested parties.
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Remote support system for 
visually impaired persons
Iwao Sekita   
Advanced Semiconductor Research Center

PC connected to the internet or 
cellular phone (PHS)

Special glasses inconspicuously attached 
with a small video camera and so on.

Relationships and exchange among the five senses: 
barrier-free and media art
Tohru Ifukube   Research Center for Advanced Science and Technology at Tokyo University

Research on barrier-free access to anyone with impairment of one of the 
five senses is based upon technologies of converting audible information 
like voices and visual information, like characters, over to stimulation of 
other senses. It is also based upon research for the science of recognition in 
terms of how the thus converted stimuli would be recognized. Naturally, 
the objective of this research work is to assist people who have lost or are 
reducing their sensations. However, to establish a truly helpful technology, 
we must confront cerebro-physiology, which has many unknown factors 
involved. Such technology may not be able to be developed sufficiently 
because the need for it is too small.

Recently I have had the pleasure of holding a seminar class with media 

artists; I am surprised there that what they are seeking really agrees with 
the subject being researched for the five senses barrier-free in many aspects. 
During the seminar, I enjoy the essence of the research work by which we 
are released from stricture and practicality: I feel as if I can run freely in the 
world of imagination. I am intoxicated with new and unusual ideas popping 
up. After the seminar class, I always wished that both research workers of 
barrier-free and media arts could communicate further with each other, and 
that we had more chances to exchange the unique characteristics that both of 
us are have in our fields of work. With these two fields combined, I am sure 
that the research work for the five senses, which should bring a good benefit 
to the society, can be expanded further.

Trial to see Debussy

System supporting daily lives of 
visually impaired persons

Visually impaired persons often need 
quick and on-the-spot assistance in their 
daily lives; For example, (1) When wanting 
to read liquid crystal displays on measuring 
devices, remote controls and touch panels, 
or to read mails and manuals. (2) When 
wanting to check contents of freezer, to 
peel fruits completely, or to select clothes of 
particular color. (3) When wanting to search 
something dropped on the floor.

But it is difficult to promptly dispatch a 
human helper in every case, because a helper 
is dispatched based on a plan and usually 
supports at least for 30 minutes.

The remote support system allows a 
visually impaired person to send images 
of his situation together with his assistance 
request to a remote supporter and to receive 
voice assistance via the wireless network 
based on a cellular phone or PHS.  The 
remote supporter can provide eyesight 
support to a visually impaired person using 
the system.

Outline of the system
As the system does not require a special 

infrastructure, the points of development are 
software for transmitting video images and 
voice signals, and a wearable video camera.

Software for transmitting video 
images and voice signals

A data compression technique is 
necessary to transmit video images and 
voice signals via the wireless network 
based on a cellular phone (PHS).  We 
have developed and are improving an 
adaptable BTC compression technique 
that has a characteristic of keeping shapes 
of characters even in strong compression 
because character information is important 
for assistance.  We are also improving the 
adaptive technique for adjusting to legible 
brightness of images.

Wearable video camera
We a r e  develop i ng  t he  sp e c ia l 

g lasses  which have a  sma l l  v ideo 
camera, a microphone, and an earphone 
inconspicuously attached.  The glasses 
can provide inconspicuous and hand-free 
assistance.  We are performing improvement 
of the system from the following aspects:  
Speaker system, image quality, and wire 

annoyance.  We plan to adopt a bone 
conduction speaker so as not to obstruct the 
ears.

Conclusion
Through the non-profit organization: 

“Shirogame for visually impaired persons” 
we have learned very much.  For example, is it 
true that a visually impaired person becomes 
to have more sensitive sensations except 
sight?  How much stress would be given if a 
visually impaired person walks alone who 
is accustomed to walking independently? 
What would the characteristic of walking be 
like if no visual information were provided? 
What information would be important for 
independent traveler? What would be a good 
way to sighted guide technique?  The system 
development would not be accomplished 
without understanding visually impaired 
persons well.

We continue to research and develop 
this system further so that anyone can 
be supported from a remote supporter at 
anytime, anywhere whenever assistance is 
necessary.
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Tactile sensor based on a thin-fi lm 
semiconductor
Michiru Sakamoto   Director of On-site Sensing and Diagnosis Research Laboratory

Touch is the first stage of human 
sensation: it is said that any human being 
would check to ensure its bodily existence 
by attempting to touch itself. Apart from 
other sensations, the sense of touch would 
not allow definition of the object to touch 
beforehand. Such a sensor, therefore, which 
would be reproduced artificially, must 
be equipped with a sufficient protective 
mechanism against the environment, such as 
a heat-proofi ng feature. In addition, to attach 
it to various devices and equipment, it would 

be required to be thin, fi nely made, fl exible, 
and to cope with a wide and dynamic 
range of sensation. We have researched and 
developed a thin film of aluminum nitride 
(AlN), which has a number of splendid 
features to satisfy these requirements 
to use as a sensor device. Its technical 
characteristics dictate that we can have a 
wide selection of substrates for production 
of a thin membrane from metal foils to high 
polymer fi lms, for example.

Development of foil-type flexible 
piezoelectric sensors

We have researched and developed 
various types of tactile sensors using 
piezoelectric thin foil of AlN. We are 
attempting to measure possible impacts to 
living bodies while placing it in an actual 
environment for everyday life. Thickness 
of the soft and flexible piezoelectric sensor 
(see the photograph) of the aluminum foil 
sheet that is used as a substrate is 50 µm; its 
electrodes are structured with five-layered 
laminates – yielding a high signal to noise (S/

N) ratio. It is not merely an ordinary tactile 
sensor. As shown in the diagram, it can 
measure pressure variation rendered on a 
human body surface even when passed over 
clothing; thereby, it can detect arterial pulses 
that are used to diagnose arteriosclerosis, 
cardiomyopathy, or heart-valve defects or 
disease.

This sensor is thin, soft, and heatproof. 
It can be used easily in an everyday life 
environment such as to place in a bathroom, 
for example. Unlike image data measurement 
using a camera, nobody would notice the 
existence of the sensor itself. In other words, 
it is not an overstatement that the system is 
not invasive of the personal privacy of those 
living in such an environment. Therefore, it 
is expected to be applicable and useful for 
a medical monitoring system placed in the 
home, which can be used for the emerging 
aging-society. In addition, because such a 
tactile sensor can be incorporated easily into 
a universal design, we are trying to make 
it contribute to create a safe, secured and 
comfortable society.

Imaging sensor incorporating 
“Bio-components”
Takashi Hiraga    Principal Research Scientist of Photonics Research Institute

Only the best-fitted living bodies have been chosen to survive 
in this world during the past 4 billion years of natural selection 
process.  Therefore, living bodies, on the whole, represent a system 
of functionalities that are beyond the level that we can reproduce 
artificially.  However, we might extract minimum units of living 
body functions (“Bio-components”) to process them while retaining 
its original functionality.  We can then use those components in 
combination with artifi cial materials (molecules and semiconductors) 
to construct hybrid systems or components.  Consequently, we can 
make a system of high functionality that has never been possible 
through any method.  Based on this concept, we produced a super 
microscopic light acceptance unit (bio-conjugate photosensitive 
nanomaterial) that can efficiently and reliably detect single photon 
even at room temperature.  It was realized using molecular wires to 
reconstitute a photosynthetic unit (photo system I) that can achieve 

photoelectric conversion with a 100% effi ciency to be joined with the 
nano-sized gold particles that can be counted in every electron level, 
and then to align them to connect on a gate of FET.  The success of 
this research dictates that a third way of nanotechnology is newly 
opened as the minimum functioning unit of a living body that can 
be used as one part of the system.  Currently this technology is being 
developed and used as a visual sensor.  Later, along with other “Bio-
components” that can detect other human senses, this technology can 
be readily expanded as a general level sensor to augment or substitute 
for all five senses.  Thus, this technology is expected to grow and 
expand.

Grand Design:Bio-conjugate Photosensitive Nanomaterial

Photo:
Foil type fl exible
piezoelectric sensor

(This research was made through cooperation of Tokyo University of Science, Tokyo University, Shizuoka University, 
and Tokyo Institute of Technology in addition to funds given for the promotion of science and technology.) 

Figure:  Example of detecting artery pulses

ー0.15

ー1

ー0.05

0

0.05
4                  5                  6                  7

time（S）

vo
lta
ge（

V）

N
Mg
N

N
N
H

Design

Convert

Output

Biology

Photon Receive

Chemistry

O
rg
an
iz
at
io
n

Electronics
Au floating gate

Semiconductor

molecular wire

Bio-components

Transmit

Aun

e-

PSI

Gold nanoparticle

e-

e-

FET

VK1



11AIST TODAY 2005-Summe10 AIST TODAY 2005-Summer 11AIST TODAY 2005-Summe10 AIST TODAY 2005-Summer

Tactile sensing of a robot is an important 
factor to make robots work safely to 
support disaster support or nursing care 
functions, for example, especially when the 
surroundings are not well-equipped or when 
contact with human beings is unavoidable. 
An overall body tactile sensing system has 
been developed and produced for testing 
robot contact with humans or other objects 
safely and without incident.

Development of whole-body type 
tactile sensor

The whole-body type tactile sensor we 
have developed here allows the exploration 
of variable resistance occurring at each cross 
point on a pattern that is printed horizontally 
and longitudinally using inductive pressure 
sensitive ink. The pattern detects the force 
exerted at each contact point. We have 
developed a robot forearm with seven 
degrees of freedom covered with 72 areas 
of tactile sensing detection capability (see 
Photo 2). A tactile force rendered at every 
area can then be detected and measured.

The sensor sheet is located between the 
spacer and the cuticle, which looks like a 
sandwich. That sensor is then attached to 
the robot arm. Figure 1 shows the cuticle 
of the sensor (artificial skin of dark blue) 

as partially peeled off. Shown inside is 
the horizontal and longitudinal pattern 
that is printed with inductive pressure-
sensitive ink. This type of tactile sensor is 
readily applicable without arm movement 
interference; it can get information on the 
location of touch and force rendered all 
throughout the area. It is of high affinity 
for humans because it is covered with soft 
materials.

“Dodging” movement implemented 
to avoid danger

An excellent example of whole-body 
tactile sensing using this system is that 

we implemented a dodging movement to 
avoid being touched. Making a motion in 
the opposite direction – away from each 
point where a touch is detected – the entire 
robot arm flinched, as if it were avoiding 
the touch. The arm s̓ avoidance movement 
at each point of tactile sensing while 
allowing the arm to do normal work in 
parallel determines the instruction to give 
to the motors placed in it. Which of the two 
movements has more priority is adjustable 
by adding a weight to either of the parallel 
equations associated. Photo 3 shows that the 
arm has detected contact by a person and is 
trying to move away from it while its fingers 
continue doing the same work continuously. 
Implemented touch avoidance movement has 
such characteristics that multiple movements 
can be unified using a globally integrative 
method; moreover, multiple touches can be 
handled in parallel simultaneously.

This system has proved that it can 
accomplish whole-body tactile sensing 
usefully and effectively.

A robot arm with 
a universal sense of touch 
Aiming to produce robots that live with humans
Takashi Suehiro   Task Intelligence Research Group of Intelligent Systems Research Institute

Photo 3:  Contact-avoidance using the sense of touch

Photo 1: Sensor sheet and the fourth link cuticle
Characteristics of the sensor sheet attached are:
(1) It does not hinder arm movement, and is easily 

worn.
(2) Contact information and the contact force 

information are obtainable in a wide range.
(3) Location of the robot arm and how strongly it was 

contacted can be known.
(4) It offers high amenity for humans because it is 

covered with soft materials.

Photo 2:  Robot arm with a sense of touch
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Odor information transmission has 
begun

Among other senses, the olfactory sense 
and the gustatory sense are called chemical 
sensations. In the past, our common sense 
told us that chemical sensations needed 
“something to be given” or “something to 
give” to activate. Therefore, it was deemed 
impossible to transmit or receive information 
of chemical sensations as with others such 
as sight or hearing. In fact, in terms of the 
sense of smell, it is said that roughly 400,000 
different materials produce some odor. 
Therefore, it was deemed impractical to 
control and transmit a sense of smell as with 
other senses using those 400,000 different 
materials.

However, the recent development of 
science and technology is astonishing. 
Getting into the 21st century, the situation 
has greatly changed. Last year s̓ Nobel prize 
for medical science and physiology was 
given for clarifi cation of the odor acceptance 
mechanism (i.e., the organic function that 
captures and accepts odors the first time); 
recently, virtual reality handles odors, 
and a trial of sending odors through the 
internet has been tried. On the other hand, 
it is widely known that many animals use 
odors as communication and an important 
survival tool. With these facts in mind, we 
can notice that even human beings use odors 
as important tools to pass information in 
everyday life.

Mechanism by which a human 
being senses odors

We have been involved in research to 
elucidate how the sense of smell is perceived 
and have recognized when the smell 
stimulation is received. Odors are received 
in the nose, which is the olfactory organ. 
However, it is the brain that recognizes 
and interprets odors, so we inferred the 
importance of scientifically measuring the 
status of the brain fi rst.

Realistically, we would be unable to apply 
similar techniques to humans in terms of 
physiology or anatomy to those we are using 
for experiments with animals. Therefore, we 
must fi nd a way to observe the interior status 
of the brain indirectly when we examine 
the human brain. Because of this we are 
doing our research work using a highly 
technical measuring device (see Photo) 
called a magnetoencephalogram (MEG), 
which allows us to measure the magnetic 
field activities of nerves throughout the 
entire head at one time using many sets of 
superconducting sensors (SQUID: Super-
conducting Quantum Interference Device). 
With MEG, we merely have a subject sit 
in a chair and smell: we can then visualize 
the changing brain state over time with 
millisecond accuracy.

Indirect measurement of odor 
sensation

In this study, we specifically recognized 
the central part of the brain (frontal eye fi eld) 
that is activated when an odor is perceived. 
Furthermore, as shown in the diagram, we 
found that the perceived odor information 
was subsequently sent to another part of 
the brain (called the association cortex) 
within a tens of milliseconds to hundreds 
of milliseconds time frame after odor 
perception. Lastly, the odor is recognized 
in another part of the brain (upper lobe). 
Thereby, we indirectly measured the 
“mechanism of perception and recognition 
of odors” for the fi rst time in the world.

Future of information systems 
using odors

Once we clarify how information on 
odors is processed in the brain, we will 
become able to “give odors” or “receive 
odors” easily in any way desired. In the near 
future, it will no longer be merely dreams 
in which we have a robot that can smell or a 
TV that can provide odors.

Figure:  MEG depicts the brain state after stimulation by an odor and until it 
is perceived and understood by looking at every magnetic response, thereby 
visualizing the change of responses by time

Measuring brain sensation and 
recognition of odors
Robots and TVs sensing odors expected in the near future
Mitsuo Tonoike   Living Informatics Group of Human Science and Biomedical Group

Photo:  
Whole head type MEG 
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Technically improved visual 
information

Visual information is one communication 
method that has been used for a long 
time along with audible information. 
Consequently, among all five senses, a 
high level of technology for that to develop 
is highly expected. As far as colors are 
concerned, we can note that many types of 
color images are used in various fields such 
as in commodity trading, remote medical 
treatment, architectural designing, and so 
on. It is therefore necessary to establish 
a technology that can pass exactly the 
same information to another person as it is 
visually recognized by human beings. For 
commodity trading, visual information using 
colors is more frequently passed than ever 
in the world: color information of products 
may play a more important role in evaluation 
when purchasing than information about the 
quality or material itself.

Information and benefits of 
illumination

For the basic technology of sense 
in for mat ion com municat ion,  i t  i s 
important not only to understand what 
impact a stimulus gives to humans, but 
also to establish a technology to produce 
stimuli to give to humans. In terms of 
color information, the AIST has been 
paying attention to illumination, and 
working on formalizing to how humans 
gain impressions about an object s̓ color 
under various colors of illumination, while 
simultaneously developing various types of 
color-controllable illumination equipment.

Human eyes have a function that can 
change the sensitivity for every color 
received based on the color of each 
illumination. It is called “chromatic 
adaptation.” For communication of color 
impressions that a human receives by 
seeing, this chromatic adaptation must be 
considered. Equipment developed at AIST 
is designed to facilitate the understanding 
of this function of chromatic adaptation so 

New information transmission 
using a colored 
illumination equipment
Shigeharu Tamura   Photonics Research Institute

that it can produce any arbitrary color of 
illumination.

Illumination of the equipment uses 
fluorescent light. We can mix three basic 
colors of light: red, green, and blue. Later, 
to obtain higher intensity in the white color 
domain, a new white color fluorescent 
light was added to use as a source of light. 
Improving further on its hardware and its 
controlling software, the current capabilities 
of this equipment have been achieved.

Our laboratory is 12 m2 (3 m × 4 m) and 
2 m high. There, a person can experience 
the same level of illumination space as 
normally encountered in everyday life. 
In the hue range of fluorescent lights like 
daytime color or white color, intensity of 
300 lux or over a maximum of 1000 lux can 
be accomplished. A color diagram (Fig. a) 
is displayed on the control monitor screen. 
Clicking the mouse at a desired point on the 
color diagram, or entering the numerical 
value of the point on the coordinates, the 
same color of illumination as selected at 
that associated point on the coordinates can 
be lit with the highest intensity available. It 
is also possible to change the illumination 

in various ways: one can change the hue 
with the intensity unchanged, or change the 
intensity with the hue unchanged, or change 
the hue automatically along the black body 
locus selected.

You can experience how an object can be 
viewed under colors of red, blue and green 
in addition to other illumination of white 
light or electric bulb light, as shown in Fig. 
g and Fig. h, allowing examination of how 
human eyes would function. The laboratory 
is divided into two compartments that are 
separated by a curtain with a small window: 
each compartment can receive a different 
color of illumination.

Possible technology expansion 
available using color illumination 
equipment

One available benefit color illumination 
equipment thus developed is that it can be 
used to simulate a city view, office spacing, 
or residential spacing; it may be available 
for the remote medical treatment among 
multiple medical facilities using image data.

Figure: Variously illuminated space achieved using a color illumination device
(a) Color diagram on control screen; (b)–(f) Color of the object under illumination of white light, green 
light, electric bulb light, blue light, and red light; (g) Inside the equipment in white color illumination; 
and (h) Inside the equipment illuminated by an electric bulb
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Neural mechanism to capture “colors”
Even if wavelength components of light 

radiation vary largely, humans are able to 
recognize objects̓  colors correctly. Assume 
that we illuminate the diagram shown on Fig. 

1 from three sources of light only (S: short 
wavelength, M: middle wavelength, and L: 
long wavelength). Rectangle A looks green and 
is located at the center of the diagram on Fig. 
1A. It is reflecting light by each of the three 

sources of 1, 4.5, and 4 (units), respectively. On 
the other hand, rectangle B appears yellow of 1, 
5, and 9 (units), respectively. Now presume that 
we change the intensity of the light sources so 
that green rectangle A refl ects respectively 1, 5, 
and 9 (units). Therefore, the light entering our 
eyes should be the same as the refl ected light at 
the yellow rectangle B. Notwithstanding, this 
rectangle B still looks green: it never appears 
as yellow.

Thus even if the characteristics of light 
coming into our eyes change to a great degree, 
we retain “color consistency,” by which we 
can recognize the color of an object correctly. 
That fact indicates that the light itself that 

Seeing “taste” in the brain
Professor Takashi Yamamoto
Graduate School of Human Science Research at Osaka University

The research in which food tasting is understood as part of brain 
function is underway. As a simple experiment, we tend to use sweet 
and good-tasting sugar solution or bitter and bad-tasting quinine 
solution. In the primary gustatory area (the area from the frontal 
operculum to insula), which recognizes taste, every different part is 
activated depending on the quality of the taste given. The amygdala 
and the anterior orbitofrontal cortex become strongly activated when 
a person tastes something delicious, the posterior orbitofrontal cortex 
and the anterior cingulate gyrus get strongly activated when a person 
tastes something bad-tasting.

Odor also plays an important role in taste. The combination of 
odors and tastes for every food image is determined based on each 
person̓ s eating experience. In the experiment we have, we fi rst have 
the examinee smell a food odor such as that of a banana. Next, we 
show an image of a banana or strawberry, for example. Subsequently, 
we take a measurement using MEG. Activities at the occipital lobe 
and the temporal lobe become intensified if the banana image is 
combined with an actual banana odor, or if the strawberry image 

is supported with an actual strawberry odor – in other words, if 
anything expected appears (see Figure).

Consequently, when you smell a good odor fi rst, see the food next, 
and put it in your mouth to taste to feel good, the various parts of 
your brain become activated. Once the cerebral mechanism becomes 
better clarifi ed in terms of identifi cation of taste quality, and emotion 
of good tasting or bad tasting, the true objective evaluation on tasting 
would be put into effect so that it would be expected to help apply it 
for development of much better tasting food.

Figure: MEG responding waveform taken from the back of the head. 
Cumulative data of 100 times obtained from the same examinee 
(20-year-old female). The analysis time period is 200 ms before 
and 1000 ms after the image was presented, as shown by the 
longitudinal lines.

Figure 1:  Color consistency
Squares of green (A) and yellow (B) embedded in a Mondrian fi gure (geometrical 
abstract fi gure). We illuminate this form of the fi gure using lights from three sources, 
each of which is having a different wavelength. The green square refl ects the light 
of short wavelength S, middle wavelength M, and long wavelength L respectively by 
1, 4.5, and 4 (units), while the square B appears yellow by respective illumination of 
1, 5, and 9 (units). We next adjust to intensify the middle wavelength light by slightly 
more, and long wavelength light by more than double so that the refl ective light from 
the green square A becomes equal to that from the yellow square. Then would the 
square A appear as yellow? 

Capturing “colors”
Development of a neural circuit producing colors 

Yoichi Sugita    Cognitive and Behavioral Sciences Group of Neuroscience Research Institute
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Competition between the bottom-up and the top-down flows
Professor Takao Sato
Graduate School of Humanities and Sociology at University of Tokyo

When you think about the mechanism of human vision, i.e., “how 
we perceive objects and the environment,” you might think that the 
information received by the eyes is processed sequentially through 
various stages. However, our vision is not accomplished by such a 
sequential flow alone. Various pieces of knowledge and assumptions 
about objects in the external environment and the environment 
itself are stored in the higher parts of the brain that reside beyond 
the primary visual cortex, which is responsible for early visual 
information processing.  When an object is seen, the bottom-up 
information coming up from the eyes to the brain, and the top-down 
information that comes down from the database reside in the higher 
levels of the brain, meet, compete, and compromise with each other 
in one way or another. Only after such a compromise, an object can 
be perceived and understood.

For example, when you look at the inside of a mask with two 
eyes, it looks concave. However, when you look at it with only one 
eye, you see it concave at first, but if you keep looking, it eventually 
starts to appear convex. The depth information (binocular stereopsis 

information), which functions when looking with two eyes, does 
not function with only one eye and the depth information becomes 
ambiguous. In such occasions, the top-down information, that “face 
are convex” becomes predominant, and you perceive the inside of 
the mask convex although it is actually concave.

I am trying to understand the mechanism of the visual perception 
through psychological experiments.  However, to explore the nature 
of such a complex mechanism, it is important to interact with 
researchers from various research fields such as neuro-physiologists 
who study brain mechanism, researchers in brain imaging, modeling 
people who study theory, and experts in computer vision who 
attempt to build artificial vision systems.

Figure 2: Imaging photograph of monochromatic illumination 
(A): The photo under the normal illumination (A). Imaging photo of illumination with (B): Long wavelength (red), 
(C): Middle wavelength (green), and (D): Short wavelength (blue). If illuminated with monochromatic light, none 
of the colors of the monkey, the red necklace worn, and the picture on the towel, or the color of the doll would be 
recognized, just as if you were looking at a black-and-white picture (E).

comes into our eyes does not include “color” 
information. The “color” of an object can be 
identified without much difference, even if 
the wavelength components of the light that 
comes into our eyes change to a great extent, 
because the “color” is created when the color 
information passes in the chain of neural link 
from the eye s̓ retina to reach the cerebral 
cortex. The neural function to produce “colors” 
(the sense of color) has been conceptualized as 
genetically provided in humans, but the actual 
structure and function of the neural circuit 
network are not yet clarified.

Experiment on monkeys̓  “sense of color”
We raised a monkey from birth until it 

became one year old, allowing it only the 
monochromatic illumination that we provided 
so that it was unable to recognize any color. 
During that time, however, we changed the 
wavelength of the monochromatic light to red, 

green and blue alternately every minute, so that 
all three kinds of color acceptance cells (visual 
cortex) in the retina became active. Then we 
examined the monkey s̓ sense of color. We 
found that it had difficulty in discerning color 
similarity and color consistency. After we 
trained it for a long time to make it capable of 
choosing the right object of the same color as 
that of a sample, the monkey finally achieved 
the same level of ability of normal monkeys. 
However, for color similarity testing, in which 
it was required to choose a nearly similar color 
to the sample one, he had a totally different 
score from what the other normal monkeys 
did.

This result tells us that the monkey raised 
only in a monochromatic light classifies colors 

differently from other normal monkeys. 
Furthermore, the result of the test in which 
the monkey selected one color out of several 
different colors varied to a great extent by 
every condition in which the illumination 
was given. The monkey raised only with a 
monochromatic light was not provided with 
any “color consistency.” 

These results all mean that the “sense of 
color” is not something that is genetically 
given, but can be given through experience. By 
more fully examining the neural activities of 
the monkey with the color-sensing problem, we 
expect to clarify more of the structure and the 
function of the neural circuit network, which 
are the bases of “color consistency.”
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Life Science & Technology

Microfl uidic fl ow control based on photo-induced reversible 
wettability  conversion.

     Photo-induced super-hydrophilicity on titanium dioxide (TiO2) was applied to microfl uidics as a 
novel micro valve device. Although the initial hydrophobic property on TiO2 surface has been hardly 
reproduced in a minute by optical control, we found out a new phenomenon for reversible wettability 
conversion using polydimethylsiloxane (PDMS). Here we present the rapid reversible wettability 
conversion with microsystem of a simple PDMS and TiO2 substrate by optical control. Furthermore, 
the micro optical switching valve (MOS/V) based on the super-hydrophilicity has been successfully 
demonstrated in a model channel. The MOS/V will be useful for a wide applicability in highly 
integrated micro/nano fl uidics.

Hidenori Nagai
Human Stress Signal 

Research Center

E-mail:
hide.nagai@aist.go.jp

AIST Today Vol.5, No.4 (2005)
p.16-17

Water

Meniscus Meniscus

Water

Switching

Fig 1: Scheme of Micro Optical Switching Valve (MOS/V).

Fig 2: Switching of the fl ow direction at a MOS/V on T-shaped 

microchannel.

He-Cd laser was partially irradiated on the TiO2 surface along 

the left side of the branched microchannel prior to water injection 

from the vertical microchannel (left), and then irradiated only the 

other side of the branched microchannel again in order to switch 

the fl ow direction of subsequently injected water (right).
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Information Technology

     A thermophilic laccase has been identifi ed in an extremely thermophilic bacterium when grown in 
the presence of copper. The protein was purifi ed and the gene was cloned, sequenced, and expressed 
in Escherichia coli. The recombinant enzyme displayed a blue color typical of laccases and copper-
dependent oxidase activity on canonical laccase substrates such as guaiacol, 2, 6-dimethoxyphenol, 
2, 2'-azino-bis(3-ethylbenzthiazoline-6-sulfonate), and syringaldazine at acidic pH. The enzyme was 
most notable for its striking thermophilicity; the optimal reaction temperature was ~92°C and a half-life 
of thermal inactivation at 80°C was >14 h, ranking it the most thermophilic laccase reported thus far.

Kentaro Miyazaki
Institute for Biological 

Resources and Functions

E-mail:
miyazaki-kentaro@aist.go.jp

AIST Today Vol.5, No.4 (2005)
p.18-19

     The ISI-AIST has previously proposed a concept of "ubiquitous function" to effi ciently use every 
appliance and device distributed in household and office spaces anticipating the materialization 
ubiquitous robot community in near future. As a part of this technology, efforts have been paid to 
the development of new communications terminal of higher degree of freedom and I/O features to 
replace existing information outlets on IC tags.

Kohtaro  Ohba
Intelligent Systems Research 

Institute

E-mail:
k.ohba@aist.go.jp
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Ultra-Slim Network Node Development
Aiming to the ubiquitous and the ubiquitous-robot society

Thermophilic bacterial laccase
Life Science & Technology

Photo 1: Overview of the developed network node. Photo 2: Developed communication terminal.
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Takeyoshi  Sugaya
Photonics Research Institute

E-mail:
t.sugaya@aist.go.jp
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     A ferroelectric-gate field-effect transistor (FeFET) of a self-aligned-gate type has been fabricated. 
It has been demonstrated that an ON/OFF drain current ratio larger than 105 was held for 16 days after 
data writing. The success in this self-aligned-gate type means possible downsizing of FeFETs, which is 

indispensable for large-scale integration of non-volatile memory to the 
next generation. The development of one-transistor type FeRAMs and 
non-volatile logic integrated circuits will be accelerated.

 Shigeki  Sakai
Nanoelectronics Research 

Institute

E-mail:
shigeki.sakai@aist.go.jp
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Self-Aligned-Gate Ferroelectric FET with Long Memory 
Retention

Velocity modulation nano-FETs based on a inter-subband 
transition

     InGaAs quantum-wire fi eld-effect transistors (QWR-FETs) have been fabricated on (311)A InP 
V-groove substrates by hydrogen-assisted molecular beam epitaxy. Enhanced negative differential 
resistance (NDR) effects with a peak to valley ratio (PVR) as high as 13.3 have been observed at an 
onset voltage of 0.17 V in the QWR-FETs at 24 K. The NDR-FET is a velocity modulation transistor 
based on a subband transfer of electrons from the high mobility fundamental level to the low mobility 
higher subband levels. The NDR effects were observed up to 260 K as the In content was increased 
to 0.8. A unique feature of the QWR-FET is that NDR effects are controllable with the gate bias in a 
three-terminal confi guration, and they are favorable for high speed and high frequency modules with 
reduced circuit complexity.
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Fig 1:  NDR characteristics of a 100nm-gate QWR-FET. Fig 2: Temperature dependence of the NDR 
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     The ADMER is a model for predicting wide area atmospheric concentration distribution and 
exposed population distribution of chemical substances. In a year since its first publication of 
ADMER Ver. 1.0, for the nation-wide coverage, the software has been utilized already by 1,000 or 
more clients. It is one of the most popular software of this kind in Japan. An English Version and a 
Revised Edition of ADMER have been developed. The software and user manual will be provided 
free of charge from January 6, 2005.

http://www.riskcenter.jp/ADMER/en/index_e.html

Haruyuki Higashino 
Research Center for 

Chemical Risk Management 

E-mail:
haru.higashino@aist.go.jp
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     Solar refl ective paint (SRP) is considered as one of the most effective technologies to reduce energy 
consumption for cooling of buildings and is expected to mitigate heat island effect in urban areas. We 
applied SRP to automobile bodies and measured fuel consumptions for automobile air conditioning 
systems. Our preliminary measurements showed that a rise of body refl ectivity by 67.3% reduces the fuel 
consumption for cooling by half. Because the application of SRP was demonstrated to raise the surface 
solar refl ectivity by 5-40 percents, it is well expected to contribute to improving vehicle fuel effi ciency.

Tomohiko Ihara
Research Center for Life 

Cycle Assessment

E-mail:
ihara-t@aist.go.jp

AIST Today Vol.5, No.4 (2005)
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Energy-saving Effect by Applying Solar Refl ective Paint to 
Automobiles

English Version and Revised Edition of the ADMER

Environment & Energy

Figure: The capture of the user interface and 

major functions in the ADMER ver.1.5e .

Information Technology Environment & Energy

Fig 1: Increase in the solar refl ectivity of an automobile body coating 

(Black #209).
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     Slab optical waveguide (SOWG) spectroscopy is the optical absorption spectroscopic techniques 
using a thin planer waveguide as an internal total reflection medium. Remarkable features of this 
technique are the selectivity to the surface and the high sensitivity. As a new field of the application, 
an experimental dew point measurement system based on the SOWG technique was tested for 
moisture analysis in high purity gases. It was consisted of a thin glass plate with the thickness of 0.1 to 
0.5 mm, optical detecting components and a Peltier cooler. Our results show that this system has the 
good sensitivity and quick response.

 Kenji  Kato
Metrology Institute of Japan

 

E-mail:
 k.kato@aist.go.jp

AIST Today Vol.5, No.4 (2005)
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     HutP regulates the expression of the hut structural genes of Bacillus subtilis by an anti-termination 
mechanism. A study of the crystal structure of HutP protein bound to a conserved sequence of 
the terminator of the hut mRNA show how HutP specifically recognizes the RNA and reveals 
the unexpected direct role of the Mg2+ ion for mediating the L-histidine-dependent structural 
rearrangement in the protein. Additional structural analyses revealed intermediate structures and 
allowed us to conclude that the Mg2+ ion together with L-histidine plays a major role to activate the 
HutP protein for binding to its cognate RNA.

Penmetcha Kumar
Institute for Biological 

Resources and Functions
 

E-mail:
 pkr-kumar@aist.go.jp

AIST Today Vol.5, No.5 (2005)
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Structural basis of HutP-mediated regulation mechanism of 
antitermination of transcription 

Dew Point Measurement of Gases with Optical Waveguide 
Technique

Figure: A novel anti-termination complex forms

a wreath adorn with RNA.

Environment & EnergyMetrology and Measurement Technology

Life Science & Technology

Fig 1: Detection part of the system.

Sample gas was blown down onto the SOWG on the Pertier cooler.

Fig 2: Response of the optical intensity against the moist sample gas.

Switching to the sample from dry gas is indicated by down-arrows.

Measurment Time (H:MM)

Li
gh

t S
ig

na
l (

m
V

)

Temp: -60(constant)
H2O addition: -60 D.P.

150

145

140

135
0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45



20 AIST TODAY 2005-Summer 21AIST TODAY 2005-Summer20 AIST TODAY 2005-Summer 21AIST TODAY 2005-Summer
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     The solar cell utilizing clean and inexhaustible solar energy is expected to be the major domestic 
energy source in future in view of preventing global warming. One of the most promising candidates 
is organic thin-fi lm solar cell, which can be produced at a reduced manufacturing cost. We have found 
that introducing a nano-structured layer (i-layer) where organic semiconductor forms a 3-dimensional 
p-n junction at the molecular level into p-n junction interface of organic thin-fi lm solar cell expands the 
practical photovoltaic layer to enhance the effi ciency of light utilization. With the p-i-n type organic thin-
fi lm solar cell, a power conversion effi ciency, 4 %, a world top level, has been achieved. Getting the 
perspective for upgrading the power conversion effi ciency of organic thin-fi lm solar cells in this way, is 
expected to accelerate the realization of low cost, lightweight and fl exible plastic solar cells.

Tetsuya   Taima
Research center for 

photovoltaics

E-mail:
tetsuya-taima@aist.go.jp
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High-performance organic thin-fi lm photovoltaic cell with 
molecular p-n junctions

Integrated Information Service System for EXPO 2005 AICHI 
based on CONSORTS Architecture

Environment & Energy

     Based on CONSORTS architecture, we have realized an integrated information service system 
for the Global House which is a theme pavilion of EXPO 2005 AICHI.  The system provides several 
kinds of information services including 1) audio content delivery about exhibits, and 2) exhibition 
management service by human flow analysis such as popularity analysis about exhibits and re-
planning of exhibit locations, with composing several information service processes by ubiquitous 
service coordination.  Visitors to the Global House can download audio content by a card-type 
terminal called Aimulet GH.  A wireless 
IC tag is also embedded in the Aimulet 
GH that transmit the information about 
the visitor to infrastructure devices.  The 
CONSORTS receives the data and invokes 
interpolation, data mining, and human 
fl ow simulation process in order to execute 
human fl ow analysis for marketing tasks.

Information Technology

Figure: Exhibition Visitor Support System based on 

CONSORTS Architecture.
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Fig 1: Photograph of fl exible and colorful 

organic thin-fi lm photovoltaic cell. 
Fig 2: Fabrication method and device structure.
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     Our group is developing multifunctional TiO2/SnO2:F stacked-fi lms with both photocatalytic and 
low-emittance properties.  The thin-fi lms of TiO2 are formed on SnO2:F-coated glass substrates by 
reactive magnetron sputtering under various deposition conditions.  Control of the electronic structure 
in the near-surface region is the key to obtaining excellent photocatalytic performance, which is 
confi rmed by low-energy electron energy loss spectroscopy in the core electron excitation regions.  
The application of these films to energy-efficient-windows allows the possibility for reducing the 
energy load of the heating system and making the living space comfortable. 

 Masahisa Okada
Materials Research 

Institute for Sustainable 
Development

E-mail:
 m-okada@aist.go.jp
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     A newly developed crystalline-glass mesoporous nanocomposite (CGMN) TiO2-P2O5 has been 
applied to a negative electrode of lithium rechargeable battery. The transport of lithium ions (Li+) 
and electrolyte solution is facilitated by oriented nano-channel structures. The chemical adsorption/
desorption of lithium ion at enormous surface area of the nano-channels realizes super-capacitor 
function to ensure high energy density as comparable to conventional lithium rechargeable batteries 
and to upgrade the power density by two orders of magnitude or more. Furthermore, providing 
electronic conduction property to the framework by incorporating electronic conductive oxides into 
the framework of TiO2-P2O5 CGMN signifi cantly improves charge-discharge characteristics.

Haoshen  Zhou
Energy Technology Research 

Institute

E-mail:
hs.zhou@aist.go.jp

AIST Today Vol.5, No.5 (2005)
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Nanoporues Materials for Lithium Storage Device with High 
Power and High Energy Densities

Multifunctional fi lms with low-emittance and photocatalytic 
properties to energy-effi cient-windows

Environment & Energy

Nanotechnology , Materials & Manufacturing
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Fig 1: The image of CGMN with both electronic path and 
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Figure: Novel energy-effi cient-window with both low-emittance and photocatalytic properties.
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     Ferroelectrics are important industrial materials which are widely used for electronic applications 
such as nonvolatile memories, piezoelectric elements, actuators, insulating films for field effect 
transistors.  Material design and synthesis of low-molecular-weight organic ferroelectrics, though 
unexplored fi eld in comparison with inorganic or polymer ferroelectrics, have been desired to realize 
these excellent functions fl exibly in lightweight materials.  Recently, we have achieved completely 
new approach to ferroelectricity using molecular compound, in which 2 species of π-electron 
molecules are bounded by hydrogen bonds. The present ferroelectrics possess outstanding properties; 
spontaneous polarization which can be reversed in a low fi eld approximately 1/100 of that required for 
polymers and huge permittivity reaching as much as 2,000-3,000.

 Sachio  Horiuchi
Correlated Electron 

Research Center

E-mail:
s-horiuchi@aist.go.jp

AIST Today Vol.5, No.5 (2005)
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     We are developing a continuous-wave (cw) optical parametric oscillator as a tunable cw light 
source used in an optical frequency synthesizer. The tuning range from 777 nm to 1687 nm was 
obtained with a 5% MgO doped LiNbO3 as a nonlinear crystal. The Doppler broadened fl uorescence 
profile of the Cs-D2 line (852.357 nm) was observed and we could demonstrate the tunability to 
arbitrary wavelength. The next target is the high-resolution spectroscopy of atoms and molecules with 
a cw-OPO phase-locked to an optical comb.

 Takeshi  Ikegami
Metrology Institute of Japan

E-mail:
 t.ikegami@aist.go.jp
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Toward the realization of ultimate continuous-wave light sources
Generation of arbitrary wavelength light with a continuous-wave optical 
parametric oscillator

Development of Organic Ferroelectrics Using Low-
Molecular-Weight Materials

Figure: 〔Lef〕 Permittivity of crystals of 

phenazine-chloranilic acid and phenazine-

bromanilic acid.  (Solid and broken lines 

represent data with electric field applied 

parallel to and perpendicular to the polar 

axis.) 〔Right〕 Polarization-electric field 

hysteresis curves of the phenazine-chloranilic 

acid crystal.
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Fig 1: Temperature tuning curve of the continuous-wave 

optical parametric oscillator

By tuning the crystal temperature from 108°C to 235°C, the 
cw-OPO generated the wavelengths from 777nm to 1687nm, 
which is more than 1 octave. The signal light and the idler 
light at same temperature point oscillate simultameously.

Fig 2: Observed Doppler-broadened signal from the Cs-D2 line (852nm)

The transition from a ground state hyperfine level F=4 to excited 

states F'=3,4,5 was obssrved. An electrooptic modulator was used 

for continuous frequency tuning. Blue line: signal light intensity,

Green line: light intensity transmitted through the cell, Red line: 

fl uorescence intensity from the cell. The light was blocked at 17.9 

GHz and 18.3 GHz for the zero-level calibration of photodetectors.

3.0

2.5

2.0

1.5

1.0

0.5

0.1
14 15 16 17 18 19

Modulation frequency of the Electrooptic modulator(GHz)

Ph
ot

od
io

de
 v

ol
ta

ge
(V

)

Idler light

Signal light

1800

1600

1400

1200

1000

800

600
100 120 140 160 180 200 220 240 260

Crystal Temperature (℃)

Si
gn

al
 a

nd
 id

le
r w

av
el

en
gt

hs
 (n

m
)



24 AIST TODAY 2005-Summer 25AIST TODAY 2005-Summer24 AIST TODAY 2005-Summer 25AIST TODAY 2005-Summer

     To realize energy saving in the ceramics industry, a microwave sintering process is studied and 
explored on following issues: 1) improvement of input energy efficiency by controlled microwave 
irradiation, 2) development of process to sinter at lower  temperature and in a short time, and 3) 
mechanism of sintering during microwave irradiation.

 Masaki Yasuoka
Advanced Manufacturing 

Research Institute

E-mail:
 yasuoka-m@aist.go.jp

AIST Today Vol.5, No.5 (2005)
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     A success has been achieved in preparing thin films of isolated individual single-wall carbon 
nanotubes (SWNTs) that are aligned in a specifi c direction.  By the isolation of tubes, these thin fi lms 
retain the near-infrared photoluminescence inherent in semiconducting SWNTs, and, because of the tube 
alignment, exhibit strong optical anisotropy such as polarized absorption, polarized photoluminescence 
and birefringence.  An achievement unprecedented in this fast-developing and competitive field, the 
present result must give great momentum to the elucidation and exploitation of optical and optoelectronic 
functions of carbon nanotubes.

Nobutsugu Minami
Nanotechnology Research 

Institute

E-mail:
n.minami@aist.go.jp

AIST Today Vol.5, No.6 (2005)
p.24-25

Thin Films of Single-wall Carbon Nanotubes that Emit 
Polarized Light

Development of am energy-saving sintering process using 
microwave technology

Figure: Illustration of  new development sintering process.

Fig 2: Thin fi lm of isolated and aligned SWNTs generates photoluminescence 

(PL) strongly polarized in the alignment direction. Each PL peak corresponds 

to a bandgap optical transition in semiconducting SWNTs. If bundled, tubes 

would not emit light because of excitation quenching induced by inter-tube 

interactions.
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Nanotechnology , Materials & Manufacturing

Ordinary method Development method

heater susceptor
microwave

The temperature distribution
is the same in all furnaces.

The temperature distribution is the same 
in the neighborhood of the sample.

Wavelength / nm

PL
 In

te
ns

ity

900 1000 1100 1200 1300 1400 1500

1

2

3

4

5

6

0

Fig 1: Gelatin-assisted preparation of carbon 

nanotube thin fi lm and its alignment.

(Y. Kim, N. Minami, S. Kazaoui, Appl. Phys. Lett. 86, 073103 (2005).)
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     A hard metal as a new concept with a binder of FeAl intermetallic compound has been successfully 
fabricated via combustion synthesis reaction.  The obtained FeAl-WC has had 1.5 times higher 
transverse rupture strength than the other studies.  And it has revealed 7 times as good oxidation 
resistance as a commercial hard metal.  Moreover, the control of Al content for FeAl-WC has made it 
possible to prepare both magnetic and nonmagnetic materials.

 Akihiro Matsumoto
Materials Research Institute 

for Sustainable Development

E-mail:
akihiro-matsumoto@aist.go.jp
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     Because of wide band-gap, silicon carbide is an attractive semiconductor material for the advanced 
low-loss power semiconductor device, and much research has been done to realize it. We recently 
developed IE-MOSFET (Implantation & Epitaxial MOSFET), in which p-well is composed of 
heavily implanted bottom layer and lightly doped upper epitaxial layer. The fabricated device exhibits 
a lowest on-resistance among the normally-off power switching semiconductor devices. This result 
largely advances the energy saving technology using the power semiconductor devices.

Shinsuke  Harada
Power Electronics Research 

Center

E-mail:
s-harada@aist.go.jp

AIST Today Vol.5, No.6 (2005)
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The lowest on-resistance in the normally-off power MOSFET
Development of SiC IE-MOSFET

Development of an environmentally conscious 
hard metal FeAl-WC 

Nanotechnology , Materials & Manufacturing

Environment & Energy

Fig 1: Mechanical properties of FeAl-WC
References:LMP・・・J. H. Schneibel et. al. (1997),MI・・・R.Subramanian 
et. al. (1997).

Fig 2: An apparatus of 
FeAl-75vol% end-mill.

Figure: Schematic cross-section of SiC

IE-MOSFET.
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     A program “Saltie” which analyzes network-structure was developed.  By using “Saltie”, I 
analyzed and visualized a network structure of researchers in AIST and their co-authors (as shown in 
Figs.1 and 2).  The value of short path betweeness (SPB) was analyzed and 10 linkages with large SPB 
are visualized.

 Kazuhiro Kojimai
Intelligent Systems 
Research Institute

E-mail:
 k.kojima@aist.go.jp

AIST Today Vol. 5,No.6 (2005)
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     Superconducting devices have been playing very important roles in various area of our life, e.g., 
energy technology, medical science and physics.  Performance of the devices is restricted by temperature, 
current, magnetic field and electromagnetic forces, etc.  In order to improve superconducting devices, 
various development is necessary for those factors.  Acoustic emission (AE) method has unique 
advantages, i.e., it can monitor global information of superconducting devices without disturbing their 
electrical insulation, contributing to development of superconducting devices.  We have been developing  
the AE methods  for the application to alternating current superconducting coils which require higher 
performance than that of direct current superconducting coils.  A large-scale superconducting coils 
including Central Solenoid model coil developed 
in International Thermonuclear Experimental 
Reactor program were also monitored by the AE 
methods, and new results have been obtained.

Kazuaki Arai
Energy Technology Research 

Institute

E-mail:
kazuaki-arai@aist.go.jp

AIST Today Vol.5, No.6 (2005)
p.32-33

Development of acoustic emission method for monitoring 
superconducting devices. 

Complex Network Analysis for Organizational Management

Environment & Energy

Information Technology
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Figure: Time dependence of AE signals and balance voltages.

The AE signals and voltage pulses were synchronized during 

operation of International Thermonuclear Experimental 

Reactor (ITER) Central Solenoid model coil, corresponding 

to disturbance in the coil. Balance voltage indicates imbalance 

of voltage in the coil. Relation between the voltages and AE 

signals provide us with information to determine the locations 

where disturbances took place in the coil.

Fig 1: An example of Coauthor Networks. Network is constructed 

from the oral presentations in 2004. Each node color represents 

the researher's divison: 1) Violet is  Life Science & Technology, 

2)Bule is Information Technology, 3) Yellow is Nanotechnology , 

Materials & Manufacturing, 4) Green is Environment & Energy,

5) Aquamarine is Geological Survey and Applied Geoscience, and 

6) Red is Metrology and Measurement Technology.

Fig 2: An example of Coauthor Map on Saltie Web.
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     A SiC-static induction transistors (SiC-SITs) with buried p+ gate regions by using hexagonal 
silicon carbide (4H-SiC) has been fabricated. The new SiC-SIT has breakdown voltage VBR 700 V and 
specific on-resistance RonS 1.01 mΩ·cm2, which is the smallest RonS in the world for switching devices 
of VBR 600 V~1.2 kV class. The SiC-SIT will reduce power loss extensively to 1/12 that of silicon 
insulated gate bipolar transistor (Si-IGBT).

Yasunori  Tanaka
Power Electronics
 Research Center

E-mail:
yasunori-tanaka@aist.go.jp

AIST Today Vol.5, No.6 (2005)
p.34-35

     In order to establish a national standard of laser energy for single laser pulses, we have developed a 
calibration system for laser energy meters used in industry. A reference calorimeter for measuring the 
absolute laser energy is composed of Bismuth Telluride semiconductor-based thermocouples and a 
high absorption optical cavity. To calibrate the sensitivity of devices under the test, we have adopted a 
simultaneous measurement method by splitting an optical laser pulse into two branches. Based on this 
measurement system, we will soon supply the energy standard.

 Daiji  Fukuda
Metrology Institute of Japan

E-mail:
 d.fukuda@aist.go.jp

AIST Today Vol.5, No.6 (2005)
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Development of a new calorimeter for accurate absolute 
calibraiton of laser energy

Development of SiC static induction transistors (SiC-SITs) 
with ultra-low power loss

Environment & Energy

Fig 2: A voltage-current curve of newly developed buried 

gate type SiC-SIT.
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Figure: Schematic drawing of the mesurement method of the absolute laser energy.
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     New electrochemical reactor has been developed,which makes it possible to oxidize particulate 
matter (PM) or solid carbon-based emission, and simultaneously to clean up nitrogen oxide (NOx), 
through the redox reactions in an electrochemical ceramic reactor. In contrast to the conventional PM 
fi lter system, the electrochemical ceramic reactor can decompose PM continuously by using active 
oxygen generated from a ceramic electrode mixed with calcium aluminate (Ca12Al14O33) without 
requiring regeneration. The new reactor is expected to serve as new technology for zero-emission 
exhaust gas cleanup in the treatment of diesel exhaust gas.

Yoshinobu   Fujishiro
Advanced Manufacturing 

Research Institute

E-mail:
y-fujishiro@aist.go.jp

AIST Today Vol.5, No.5 (2005)
p.10-13

New Cleanup Technology for Diesel Exhaust by Using 
Electrochemical Ceramic Reactor

     The immobilization of the trans-4-[4-(dimethylamino)]stilbazolium p-toluenesulfonate (DAST) 
nanocrystals in a dispersion, which were oriented in magnetic fields, was studied. The odorless, 
transparent, and rubber-like solid was obtained by photocuring of the dispersion in lauryl acrylate. The 
relaxation of the oriented nanocrystals was not observed at 100 °C for 24 hours. Maximum contrast of 
the absorbance through a parallel and perpendicular polarized light was approximately 0.43 at 555 nm.

Satoru  Shimada
Tatsumi Kimura

Photonics Research Institute

E-mail:
satoru-shimada@aist.go.jp

AIST Today Vol. 5,No.4 (2005)
p.12-15

A Novel Method for Fixing the Anisotropic Orientation of 
Dispersed Organic Nanocrystals in a Magnetic Field

Information Technology

Nanotechnology , Materials & Manufacturing

 Figure: (a) Principle diagram and 

(b) photographs of electrochemical PM 

elimination with a ceramic reactor.
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     We develop a new method of probabilistic estimate for a large earthquake originated from an active 
fault, incorporating stress transfer from an adjacent earthquake. We applied the method to the Kego 
fault that is an active fault just beneath the city of Fukuoka. The earthquake probability for the next 30 
years on the Kego fault is now raised to about 7 % due to stress transferred from the March 20, 2005 
Fukuoka-ken-seiho-oki, Japan, earthquake.

Shinji Toda
Active Fault Research Center

E-mail:
 s-toda@aist.go.jp

AIST Today Vol.5, No.5 (2005)
p.14-15

Change in future earthquake probability due to 
fault interaction

Figure: Failure stress change resolved on faults in the 

crust (upper panel) and onto the Kego fault beneath the 

city of Fukuoka (lower panel) caused by the Fukuoka-

ken-seiho-oki earthquake.

     On March 20th, 2005, the West Off Fukuoka Earthquake (M 7.0) occurred near northern Kyushu, 
Southwest Japan. This earthquake caused a signifi cant amount of damage on Genkai Island off the 
coast of Fukuoka City. However, minimal damage occurred on mainland Kyushu. On October 23rd, 
2004, the Niigata-Ken Chuetsu Earthquake (M 6.8) occurred, resulting in extensive damage despite 
its relatively small magnitude. Thick, soft sedimentary layers in the Chuetsu area caused the speed of 
seismic wave propagation to decrease, while the waves themselves were amplifi ed. Sedimentary layer 
thickness is directly related to the amount of damage that occurs when an earthquake occurs.

 Yoshinori  Miyachi
Institute of Geology and 

Geoinformation

E-mail:
y-miyachi@aist.go.jp

AIST Today Vol.5, No.5 (2005)
p.16-17

The relationship between seismic motion and geology

Geological Survey & Geoscience , Marine Science & Technology

Geological Survey & Geoscience , Marine Science & Technology

Fig 1: Geological map of Northern Kyusyu and Epicental 
distribution of aftershocks  occurred in Genkai-Nada in March 
20th, 2005(10:53:40-17:58:39). (Epicentral data provided from 
National Research Institute for Earth Science and Disaster 
Prevention).

Fig 2: Cross section across the Kego Fault. Thick soft 
sediments deposit along the Fault. 
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     In this study, we try to develop a new method for producing the bulk metallic glasses by using 
electromagnetic vibrations and to clarify a possibility of enhancing glass-forming ability by this 
process. The effects of the electromagnetic vibrations on the glass-forming ability in the Mg-
based bulk metallic glasses were investigated. It was found that the new method by using the 
electromagnetic vibrations is effective in enhancing the glass-forming ability. Disappearance of 
the clusters by the electromagnetic vibrations applied to the liquid state was presumed to cause 
suppression of crystalline nucleation, namely, enhancing the glass-forming ability.

Kenji  Miwa
Takuya Tamura

Materials Research Institute 
for Sustainable Development

E-mail:
k-miwa@aist.go.jp

AIST Today Vol.5, No.6 (2005)
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New Method for Producing Bulk Metallic Glasses

Figure: Optical micrographs for the Mg-based alloys cooled under electromagnetic vibrations with various 

kinds of intensity. A without the electromagnetic vibrations shows crystalline structures alone. B under the weak 

electromagnetic vibration force shows both featureless metallic glass structures and crystalline particles. C under 

the strong electromagnetic vibration force shows featureless metallic glass structures without crystalline particles. 
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In Brief

French Minister-Delegate for International 
Trade François Loos visits AIST
     Mr. François Loos, French Minister-Delegate for 
International Trade, attached to the Minister for the 
Economy, Finance and Industry, visited AIST Tsukuba on 
February 24, accompanied by Mr. Bernard de Montferrand, 
French Ambassador to Japan, and other offi cials.  Mr. Loos 
exchanged views with AIST executives, including Senior 
Vice-President Kisaburo Kodama, Vice-President Yoshikazu 
Tanabe, Director-General for International Affairs Takayuki 
Matsuo, and Director of the Intelligent Systems Research 
Institute Shigeoki Hirai.  The topics of this lively discussion 
ranged from Japan-France cooperation in science and 
technology and the role of AIST in Japan’s science and 
technology policy to AIST reform.
     Mr. Loos then visited the AIST-CNRS Joint Robotics 
Laboratory, a joint Japan-France lab where he watched a 

humanoid robot demonstration and interacted with French 
researchers.  Mr. Loos also paid a visit to the AIST science 
museum, Science Square Tsukuba, where he attentively 
inspected AIST research achievements in such fields as 
measurement standards, robotics, the environment, solutions 
for the aging population, and medical engineering.  These 
achievements, as well as the museum itself, drew praise from 
Mr. Loos.

The Director of Life Sciences from the French Atomic Energy 
Commission visits AIST Tsukuba
     AIST Tsukuba welcomed a visit by Dr. André Syrota, 
Director of Life Sciences at the French Atomic Energy 
Commission, on February 25. Dr. Syrota talked with Vice-
President Kazutoshi Tanabe, Research Coordinator Hiroshi 
Kuriyama, Director of the Institute for Human Science and 
Biomedical Engineering Shinya Saida, and Director of the 
Neuroscience Research Institute Harumasa Okamoto. After 
Dr. Syrota was given an introduction to the research institutes, 
he participated in a discussion on the differences between 
Japan and France in their approaches to life science and their 
expectations for bilateral cooperation in this fi eld.
     Dr. Syrota also had a chance to talk with life science 

researchers at AIST when he inspected the AIST laboratories 
that are working on cerebral information processing involving 
working memory and developing fiber-optic sensing 
technology for nerve metabolism.

Winter Institute Program for FY2004 completed
     The 2004 Winter 
Inst it ute Program, 
designed to support 
research effor ts by 
South Korean graduate 
students in science and 
technology, came to an 
end with a completion 

ceremony and reporting session on February 18.
     This program invites junior researchers (postgraduate and 
doctoral students) to Japan for a period of about seven weeks 
and offers them the opportunity to pursue technical research 
and learn about Japanese language and culture.  The goal is 

to deepen their understanding of science and technology in 
Japan and promote bilateral partnerships in this fi eld.  This 
program is conducted by the Japan International Science 
and Technology Exchange Center (JISTEC) under contract 
with the Japan-Korea Industrial Technology Co-Operation 
Foundation (JKF).
     A total of 40 participants came to Japan on January 5 to 
participate in this program, which is in its 12th year.  After 
an orientation session, classes started on January 11 at 
their respective host research institutes (totaling about ten).  
Sixteen researchers were hosted at AIST: fourteen were 
assigned to AIST Tsukuba, one to AIST Tokyo Waterfront, 
and one to AIST Hokkaido.
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AIST and HKUST hold joint nanotechnology workshop in 
Hong Kong
     The HKUST-AIST Joint Workshop on Nano Science and 
Technology was held at the Hong Kong University of Science 
and Technology (HKUST) on March 3 and 4, 2005.
     Over 100 people participated in the workshop, including 
HKUST President Paul Chu and 13 participants from AIST.  
Participants from both HKUST and AIST made presentations 
on topics that centered around the industrialization of 
nanotechnology.  They also discussed possibilities for 
personnel exchange and joint research projects.
     Both AIST and HKUST are leaders in the field 
of nanotechnology in the region.  AIST organizes 
the Asia Nano Forum to promote partnerships in the 
Asia-Pacifi c region as part of its work in international 
cooperation.  HKUST serves as the center for the 
research, development, and industrialization of 
nanotechnology in Hong Kong.  Its Nano  R&D 
Center was established with the support of both the 

Innovation and Technology Fund of the Government of the 
Hong Kong Special Administrative Region and the industrial 
community in Hong Kong.  HKUST also serves as a contact 
point for mainland China—the world’s factory.

 

2004 JICA Course in Research on Standards, Material 
Reference and Evaluation for Industry
     A course in Research on Standards, Material Reference 
and Evaluation for Industry started on February 7. This 
course, which runs until December 15, is one of three JICA 
group training courses offered by AIST.
     This course allows students to acquire skills in advanced 
standardization and basic evaluation and cultivates their 
research skills through on-the-job training. The overall 
objective of this program is to support the development of 
basic skills in standardization and evaluation in developing 
countries through human resources development, networking 
in relevant fields, and the sharing of knowledge and 
technology with Japan. It is hoped that this course will lead 
to joint research projects between AIST and key research 
institutes in ASEAN countries.
     Of the three students participating in the course, two will 
be assigned to AIST Tohoku for metal surface evaluation 
and material features evaluation. The other will learn about 
evaluating biodegradable plastics at AIST Kansai for the fi rst 
fi ve months and at AIST Tsukuba for the second half of the 
course.

     The other two courses, Research on Environmental 
Technology and Asia Pacific Legal Metrology System, are 
described on the following web page:
http://unit.aist.go.jp/internat/tojyou.html

Photo: Participants in the JICA Course in Research on Standards, 
Material Reference and Evaluation for Industry
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Thailand and Japan hold a research cooperation 
follow-up meeting
     Last November, AIST signed a comprehensive research 
cooperation agreement with two national research entities in 
Thailand: the National Science and Technology Development 
Agency (NSTDA) and the Thailand Institute of Scientific 
and Technological Research (TISTR).  Plans for this follow-
up meeting were initiated at the joint workshop in Bangkok 
that preceded the signing ceremony.  A number of specifi c 
cooperation projects were also proposed at the workshop.
     More than 20 people from Japan (representing AIST, 
organizations affiliated with the Ministry of Agriculture, 
Forestry and Fisheries, corporations, universities, and 
associations) and Thailand (NSTDA and TISTR) participated 
in the follow-up meeting held at AIST Tsukuba on March 
22 and 23, 2005.  They screened the proposed cooperation 
projects in such fi elds as biomass and other renewable energy 
sources, environment conservation, nanotech, bio-sensing 
and IT from a strategic point of view.  The participants also 
entered into extensive discussions on steps that should be 
taken in order to reach their goals.  
     More than ten Thai researchers stayed with AIST host 
researchers for up to two weeks, including the period when 

the follow-up meeting was being held.  These researchers 
further examined the cooperation projects.

Photo: NSTDA President Sakarindr Bhumiratana (right) and 
AIST Senior Vice-President Kisaburo Kodama

Two Nobel laureates in physics visit AIST Tsukuba
     On April 22, two Nobel Prize-winning physicists, Dr. 
Steven Chu* and Dr. Jerome Isaac Friedman**, visited 
AIST Tsukuba, accompanied by Lower House member Koji 
Omi. AIST President Hiroyuki Yoshikawa and Senior Vice-
President Kisaburo Kodama guided the two scientists around 
the AIST laboratories and other facilities.
     At both the spinelectronics and correlated electronics 
units, unit leaders and researchers discussed their 
achievements with the Nobel laureates. This was followed 
by a question and answer period and discussions about 
the principles, performance and prospects for the practical 

Dr. Friedman received the 1990 Nobel 
Prize for Physics for his investigations 
concerning deep inelastic scattering 
of electrons on protons and bound 
neutrons.  He is a professor at the 
Massachusetts Institute of Technology.

Dr. Chu was awarded the 1997 Nobel 
Prize for Physics for the development 
of a technique to cool atoms to an 
extremely low temperature using laser 
light.  He is the director of the Lawrence 
Berkeley National Laboratory.

application of these technologies. The Nobel Prize winners 
then inspected the advanced technological capabilities of the 
AIST laboratory equipment.
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 AIST participates in BioVison and BioSquare
     The World Life Science Forum “BioVision” was held 
from April 12 to 15 in Lyon, France.  This forum, known 
as the biological counterpart to the Davos Conference, 
attracted life science experts from all over the world.  AIST 
staff members attended the forum and exchanged views 
with top-class researchers (including Nobel laureates), 
government offi cials, representatives from research institutes 
and industrial communities, as well as delegates from Lyon, 
Grenoble (Nanobio) and other Regional Clusters in Europe. 
     AIST also took part in “BioSquare,” which was held 
at the same time and is the largest business conference on 
biotechnology in Europe.  Many Japanese people attended 
the event, including Lower House member Koji Omi (former 
Minister of State for Science and Technology Policy), 
offi cials from the Cabinet Offi ce, the Ministry of Economy, 
Trade and Industry and other government offi ces, as well as 
the Japan Bioindustry Association and other private entities.  
Some 4,200 people attended BioSquare from Europe, 
North America and Asia and a total of about 3,500 business 
meetings were arranged within the two and a half days.
     BioSquare has an effi cient partnering system that allows 
conference participants to prearrange business meetings 
via its web site.  AIST Innovations took part in the Japan 
booth (the first exhibition for Japan) organized by JETRO 
and presented an exhibition on biotechnology (including 
nanotechnology).  AIST Innovations also arranged many 

business meetings with various representatives, such as those 
from the Lyon Regional Cluster.
     During the event, a number of bilateral talks were held, 
such as the Japan-EU Business Dialogue Round Table 
in Brussels, to facilitate dialogue between private and 
government organizations. 
     AIST continues to take advantage of the opportunities 
offered by such important international conferences and 
events, with a view to building personal connections, 
exchanging opinions, developing mutually beneficial 
partnerships, and putting its technological achievements on 
the global market.

AIST exhibits at Hannover Messe
     The Hannover Fair 2005 was held in Germany from April 
11 to 15. German Chancellor Gerhard Schroeder hosted the 
opening ceremony of the fair—one of the largest specialized 
trade fairs in the world—and Russian President Vladimir 
Putin was also in attendance. A total of 6,090 exhibitors from 
65 countries participated, which was an increase from the 
5,085 exhibitors at the 2004 fair. There were over 200,000 
visitors, up 20% from the previous year. More than 40% 
of the visitors were from outside Germany, and over 1,000 
people came from Japan. Some 6,000 journalists covered the 
event, also an increase from a year earlier.
     The Hannover Fair is a gathering of specialized trade 
shows held at a single venue. The 2005 fair included 11 trade 
shows. AIST exhibited six technologies at the “Research & 
Technology” show as part of its efforts to promote technology 
transfer. The six technologies were: low-temperature film 
forming (Aerosol Deposition [AD] Method), gas-barrier clay 
fi lm (Claist), a gold catalyst method for low-temperature CO 
oxidization, piezoelectric aluminum nitride thin fi lms, stress 
luminescent materials, and a target-oriented drug delivery 
system (DDS).

     At the special “Tech Transfer” exhibition held in the same 
hall, AIST made a demonstration designed to introduce its 
exhibits. Thanks in part to this demonstration, many people 
from a wide range of corporations, universities and other 
research institutes visited the AIST booth. AIST staff traded 
business cards with people from over 100 corporations and 
discussed possible 
licensing agreements 
and laboratory sample 
provision with people 
from more than 20 of 
those businesses.
     AIST's participation 
in the Hannover Fair 
2005 was a signifi cant 
step towards future 
technology transfer 
arrangements.
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AIST organizes the Computational Science Workshop 2005
     The Computational Science Workshop (CSW) is an 
annual international gathering launched by AIST in 2000.  
This year’s CSW was held in late March in the Network 
Meeting Room at AIST Tsukuba Headquarters and 
Information Technique Collaboration Research Center.  
This workshop, which was based on the theme of algorithm 
and software developments in nano-scale simulations, was 
attended by over 130 participants.
     Lectures were given by seven speakers from abroad, 
including Prof. Priya Vashishta of the University of Southern 
California, a well-known expert in quantum computation, 
and another seven speakers from Japan, including non-
Japanese researchers. In addition, as many as 30 people, 
including non-invitational participants from abroad, 
contributed to the poster presentations. Such participation 

suggests that this workshop has become well established. 
Throughout this international gathering, AIST was given 
praise for its high-level research activities.

AIST participates in the WIPO Conference on Dispute Resolution 
in International Science and Technology Collaboration 
     In recent years, international cooperation in science and 
technology, such as that seen in the EU Framework Program, 
has become necessary and unavoidable.  The drawback, 
however, is that international disputes over intellectual 
property rights are on the rise.
     In response to this, the World Intellectual Property 
Organization (WIPO) Arbit ration and Mediation 
Center organized a conference on Dispute Resolution in 
International Science and Technology Collaboration on April 
25 and 26 at the WIPO Headquarters. WIPO is a Geneva-
based United Nations agency which develops international 
rules to protect intellectual property rights and copyright.  
AIST sent participants from its International Affairs and 
Intellectual Property departments to the conference.  The 
Deputy Director of the International Affairs Department 
Kunihiro Kitano participated as a panelist and explained the 
transformation of AIST from a national research institute 
to an independent administrative corporation.  He also 
discussed AIST’s partnerships with external institutions, 
which place special emphasis on technology transfer.

     The conference had a number of sessions, including 
“Means of Structuring Collaboration,” “Potential Areas of 
Dispute,” and “Dispute Resolution Options.”  At each session, 
presentations by speakers were followed by questions and 
answers and the chairperson’s summary.   
     Solutions to a dispute can include negotiation among the 
parties involved, mediation with the help of third parties, and 
arbitration or litigation.  Yet the participants at the conference 
drew the rather sober conclusion that disputes can take 
myriad forms which defy standard solutions and must rather 
be settled on a case-by-case basis, relying on relationships 
of mutual trust and the help of experts.  This conclusion 
highlighted the importance of securing experienced experts.  
In addition, many speakers and panelists were quick to point 
out that a key point in the dispute resolution process is in 
creating sound contracts from the outset.  This conference 
made AIST reconsider the importance of creating clearly 
defi ned cooperation agreements with external institutions.
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