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Kazuma Yamane: Born in 1947.
Graduated from the Faculty of Foreign
Languages, Dokkyo University. A nonfiction
writer, Mr. Yamane anchored a NHK TV
program “Midnight Journal” (1990-1992)
and “Mirai-ha Sengen (Declarations of a
Futurist)”. His serial articles “Metaru kara no
jidai (An Era of Metal Color)” for a weekly
magazine won the Japan Creation Award
2008. General Producer for Aichi Prefecture
Pavilion at EXPO 2005 Japan. He is the
author of many books, including Dejitaru
sangyo kakumei (The Digital Industrial
Revolution), Supa shosai no yugi-jutsu (Play
Skills for Super-Studies), Metaru kara no
jidai (An Era of Metal Color).

Information and telecommunications is a
technology which “reliably communicates
with others to reward their hearts”

Yamane: Since about 15 years ago, we have become
more deeply dependent on mobile phones and e-mail to
the extent that we are now forced to use them despite
their many problems. It seems to me that these systems
lack something which is the most essential for human
beings. This has happened, don’t you think, because
nobody took the care to develop technologies which
would enable real human-to-human heartfelt
communication that truly connected people?

Miyahara: I agree. Allow me to cite here the words of
my teacher, Prof. Nobuaki Kumagaya, a former
President of Osaka University, in the order of three
Presidents back from my period as President at that
university. Prof. Kumagaya said that Information and
Telecommunications (Jo-ho-tsu-shin in Japanese) is a
technology which “reliably (shin) communicates (tsu)
with others to reward (ho) their hearts (jo).” I totally
agree with this.

Yamane: [ also started my book Jo-ho no shigoto jutsu
(Information Working Skills) with the sentence,
“Information (jo-ho in Japanese) means to reward (ho)
hearts (jo),” and thus “Information should connect the
hearts of people.”

Miyahara: As we speak, our communications are heart-
to-heart communications, or brain-to-brain
communications. Communication is a concept on a
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higher level than a simple exchange of data or
characters.

Yamane: But the word “jo-ho,” information in English,
has somehow acquired a rather cold image, don’t you
think?

Miyahara: I think that emotion is important, and that
the current term ‘e-mail’ should be called E(motional) e-
mail, with an extra ‘E’, or Ee-mail. We will need to
develop technologies which can handle feelings or
emotions. People now tend to think that sending an e-
mail through the Internet is enough, or taking classes
and getting credits can be achieved while sitting in front
of a TV screen. They think of communication as being
something with a narrowly-defined meaning. That’s why
many of the problems arise.

Yamane: On the way here today, I looked at a bulletin
board in a small park nearby and realized that an actual
bulletin board with paper notices on it was really good.
The information posted on Internet BBSs will not
’fade’, but the notices put up on a bulletin board in a
park will become tattered and the colors will fade as
they age. We can see quite clearly that the information is
old. Also, the workmanship on the posters on the
bulletin board gives us some idea of the situation of an
organization or its activities, doesn’t it? The
information, therefore, has very emotional aspects, such
as the chronological changes in the information and the
script styles. Aspects that information on the Internet
lacks.



As a general rule, reliable information is
worth paying for.

We should try to perceive the value of things
which cannot be seen.

Miyahara: Yes, it’s not a good idea to try to replace all
information (jo-ho) with ICT (Information and
Communication Technology) media. That wouldn’t
work. The fact that textbooks are created in the form of
books has a special meaning. For example, we can’t turn
over the pages on ICT media to search for specific
information. That function doesn’t exist. That’s why
paper media will never disappear. Paper media have
ways of containing information and enabling searches
for information which are specific to the media.
Naturally, it would be very dangerous if we had only
one way, the Internet, to acquire information,

Yamane: I have a specific worry about Wikipedia. Of
course, it’s of great significance for the people of the
world to share and accumulate ‘knowledge’ in the way
which Wikipedia does, which is a new form of culture...
Miyahara: Yes, it’s a problem when we do not know
who wrote a specific article. The point here is how to
use it. Reading Wikipedia is fine, but we should not
assume that all of the information on Wikipedia is
correct.

A bulletin board in a park gives information a more
emotional, ‘heart-rewarding’ feel.

Yamane: I think the identity of information, when it
was written, who wrote it, and so on, should always be
clearly indicated when the information is shared among
a large number of people. Every publication bases its
reliability on clear declarations of authorship and
publisher and the dissemination of information in a
responsible manner. On the Internet, however,
anonymity has been implicitly accepted since the
earliest stages. What was the reason for that?
Miyahara: From the beginning, the Internet was
developed to connect computers and exchange data. The
simultaneous use of multiple computers was found to be
better and more effective for scientific and engineering
calculations than the use of stand-alone computers.
That’s why the Internet was developed. After a while,
researchers started using e-mail for communication and
found it very useful. Since then, the Internet has
expanded explosively to its current size. The convenient
nature of the Internet has been strongly emphasized, and
now everybody is using it. The fact is that, in some
senses, the issue of rules and regulations for the use of
the Internet has been overlooked.

Yamane: “We can make the rules later.” When I started
to use computer online services in the mid-80s, anyone
posting a strange message on a BBS could be easily
identified, because everyone’s ID was clearly shown by
the system. It was not anonymous, and the BBS was
healthy in that way. On the Internet, on the other hand,
anonymity has been taken for granted and it could easily
have become a safe-haven for criminals.

Miyahara: Technology has made even anonymity
possible on the Internet. People are clearly abusing this
function. They can say in an e-mail things that they
would not otherwise dare to say in front of others. Many
cases of spiteful abuse are sent as mobile phone e-mail.
Yamane: Yes, this is the dark side of network
technologies which nobody expected.

Miyahara: One of the missions of engineers like
ourselves is to provide a variety of services, but the rules
for using these services, and the abilities required to
make full use of them, are not being properly acquired.
People usually look at only 0.001% of the total search
results obtained from search engines. When hundreds of
results are obtained from a search, people naturally do
not look at the very lowest items.

Yamane: The rank order of results shown by search
engines isn’t really very fair, is it?

Miyahara: You’re right. It’s not fair at all. Display
ranking is determined by the number of times with
which a certain piece of information has been accessed,
and by the number of links to that information.
Therefore, the first results may reflect only a minority
opinion.

Yamane: The situation might be improved if we could
choose the display order for search results, for example,
a descending or ascending order by the number of times
with which some information has been accessed, or in
descending order from the oldest information, and so on.
Miyahara: It may be possible to add such functions to
search engines, but it is doubtful that such services make
any sense for search engine companies. That’s why it is
better not to be dependent on only one search engine
only. Furthermore, the most important thing for us is
how to retrieve really reliable information. For example,
there is a great deal of information on cancer all around
us, but is it correct? We have to determine how reliable
the information is by checking it against the opinions of
appropriate medical institutions, or the author of the
information concerned. NICT is studying ways of
providing such information, but it is difficult to teach
computers how to check contents and determine their
reliability. So we are planning to check and make
judgments on whether the information is coming from
reliable organizations or simply from any individual’s
opinion.

Yamane: When [ want to find out something, I usually
start by checking at reference sites such as
JapanKnowledge, which mostly contains encyclopedias.
These are charged services, but they are not so
expensive. Anyway, | feel safe with these sites because
they make it clear who the articles are written by.
Miyahara: As a general rule, reliable information is
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worth paying for. We should recognize
the value of information in an
appropriate manner.

Particularly, Japanese people should be
more positive about perceiving the
value of things which cannot be seen.
Everybody in Japan should, I think,
recognize that some costs are inevitable
for safety and security.

Yamane: Yes, but the Internet
established the idea that information is
free. Many people now say that they
will never pay for information on the
Internet.

Miyahara: One thing is the cost of
communication lines, that is, the costs

of broadband service. That cost was the highest in the

world in Japan 10 years ago. It was about ten times
more expensive than in Europe. But ten years later, the
cost has become the lowest in the world. Japan’s
capability in IT technology has made it possible.
However, this point has not been adequately
appreciated. Communication charges have become
much lower and people seem to think that data coming
from the network is free of charge. This situation is
causing a variety of problems. How can it be worthwhile
for IT engineers to work in such a situation?

Research to enhance the Internet “culture” in
10 or 20 years...

Yamane: It has just been over 10 years since the
Internet age began. Here I would like to ask you,
President Miyahara, to make positive advances in
Internet technologies which will establish over the next
10 or 20 years an Internet with closer similarities to the
human life. | am anticipating that NICT will make
breakthrough innovations which will change the world
in the true sense of the term.

By the way, one of my great expectations for NICT’s
efforts is quantum communication, because NICT is the
world’s top runner in this field. Quantum
communication is a technology which matches well with
mankind’s travels out into the universe, and it will also
dramatically enable more robust communication
security. I am hopeful that NICT will accomplish to
open up a new era of communication, which will result
in changes not seen since the radio wave communication
system was established by Marconi.

Miyahara: At our research laboratories in Kobe, we
have some bioscience researchers who are doing
research on the brain. They have started a new project
with IT engineers to open up new paradigms and
innovations.

Yamane: Oh, that’s excellent! Right now I’'m trying out
some experiments with goldfish, and I am really leaning
a lot from it. I worked on an experiment tapping ten
times on the glass wall of the aquarium before feeding.
After 10 days of this activity, the goldfish came up to
the surface when I tapped ten times on the glass. They
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have an amazing capacity for learning. I was really
surprised to see that they could find a piece of food
which dropped to the bottom of the aquarium without
any mixing it up with other objects. Olfactory
information should be blocked in water and I wonder
how it is possible for them to make such distinctions.
We have a lot of things to learn from living beings such
as a goldfish.

Miyahara: Living beings are wonderful, I agree. A
scientist I knew was studying Bengalese finches. They
were originally southern wild birds. After they became
human pets, they acquired the ability to sing intricately
melodious songs. This meant that their ability to acquire
appropriate females increased. Why should that happen?
My friend told me that the change occurred when they
were released from the stress of predation. The easy life
made fine singers out of them.

Yamane: (Smiling) Ah, so, if my stress level goes
down, will I be better at Karaoke? By the way, Google
has released a new internet browser and it looks like
taking the Internet by storm, but I think Google’s aim is
simply to develop a browser which is advantageous for
its business. What do you think? The Internet browser is
now a necessary item in our daily lives, but [ would be
happier if browsers or the Internet had some new
functions, such as the browser’s appearance becoming a
sepia color for older data just as old paper browns, or a
filtering function which could indicate at a glance that
people have reacted favorably to some particular data.
Miyahara: We are now studying such functions in an
attempt to develop interfaces which are truly user-
friendly. The point is how to design an IT system which
incorporates human sensitivity.

Yamane: I look forward very much to seeing the results
of your efforts.

One thing more, when we are browsing data on the
Internet, in 99% of the cases there is no sound. Of
course, I know that many video sites, like YouTube,
enjoy their immense popularity, but most sites consist
only of text, photos, and other graphics. It’s the same as
e-mail. Some sites have strange sound effects, and I
have to turn off the sound to avoid the awful cacophony,
but I think sites with no sound are very inhuman.
Miyahara: I read a book called Hito-wa Mitame-ga



90% (How You Look is
90% of Who You Are) (by
Ichiro Takeuchi, in the
Shincho Shinsho series) in
which the author says
that only 10% of the
total information can be
communicated by written
language, and the rest of
the information is gained
through non-verbal factors,
s s such as body language,
gestures, tone of voice, and facial expressions. An issue
facing the implementation of advanced interfaces is how
to communicate this remaining 90% of the information.
Yamane: On the other hand, another important issue is
how people with visual or hearing disabilities can
acquire information as much as people with no
disabilities. Is this an important issue for NICT?
Miyahara: You’re quite right. I think the values
inherent in the sensitivity you mentioned are very
important.
Yamane: (Smiling) Your remarks today do not really
seem to be those of a digital communications specialist.
Miyahara: It may look as if people would say of me,
“Despite the fact that you are working for the Internet,
information and communications and the like in digital
field.” but I’'m not so. Digital is always an
approximation of phenomena. Everything is really
analog.
Yamane: A profound and explicit remark! I was also
under the impression that NICT’s Japan Standard Time
atomic clock was digital, but I’ve heard that in actual
fact the atomic clock is analog, is that right? Is it
impossible to fully digitalize the clock?
Miyahara: Well, a clock itself cannot be made as an
analog device by virtue of its very nature. After all, the
term “digital” originally means “a finger,” and the term
digital can be applied only to countable things.
However, the world is not built in a way that it can be
counted “1, 2, 3...” on our “fingers”. For example,
temperature, does not suddenly step down from 30C to
29C.
Yamane: NICT is well known for its maintaining the
Japan Standard Time, and that’s fine, but there is one
annoying problem I have in relation to clocks. The TV
broadcasting system is now in the process of changing
from an analog to a digital system. As opportunities to
see One Seg and Full-Seg broadcasting increase, I was
really astounded to note that there is a time lag. The
routing of TV data or the encoding and decoding
capacities cause a lag in the time when the video images
take to reach their destination.

I’ve had a similar experience on the Web. When I was
watching a live broadcast of a space shuttle launch on
the Internet and the live coverage on CNN TV at the
same time, the space shuttle was launched on the Web
about 40 seconds after the successful launch on CNN
TV. It was the first time that I realized that the “delay”
on the Internet was so large.

Miyahara: Of course,
encoding and decoding
cause such delays, but the
delays are also generated
on the networks. The
Internet was originally
meant for data transmission,
and it is not good at real-
time communication, like
the telephone. The initial
idea for the Internet
allowed for some delays
in data transmission. The instant transmission of data or
images is a very vexing issue. The reason for that is low
development costs.

Yamane: Very little money is spent on development.
Miyahara: Yes, the Internet has become so widespread
because it is cheap. A certain degree of delay is
acceptable and even quality lapses are allowed, because
it is cheap. However, this level of services will not meet
needs of users, and if we continue on like this we will
run into technical limits. After I came here, NICT began
research on NWGN (New Generation Network), or what
the Internet will look like 10 years after.

Yamane: Is this an extension of the existing research?
Miyahara: No. We have started from scratch.

Yamane: Amazing!

Miyahara: Synchronization of all transmitted data,
transmitting higher-quality images, and integrating
communications and broadcasting in order for billions
of families to enjoy Hi-Vision quality visuals, all of
these things will never be possible on the current
network system.

Yamane: Never possible?

Miyahara: That’s why we decided that a new paradigm
was necessary and so have started up the new project.
Yamane: If this research advances on NWGN so that
we can get a better idea of what human-to-human
communication is, or what information it is that we
really want to communicate, and if this new network
becomes a tool with the power to help create a more
desirable world, that will be really wonderful.
Miyahara: The information systems which we create
should make for more g

active human-to-human 8
communications. There g
really isn’t much
point in creating an p¥
information system &
which pays no attention
to human-to-human
communications.
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Remote Sensor for [t i |
the Observation of
Greenhouse Gases

Research and Development of a Laser Sensor to Measure : H s

Carbon Dioxide

CO: is the largest contributor to the
greenhouse effect

It is believed that increased emissions of greenhouse
gases to the atmosphere, caused by mass fossil fuel
consumption and deforestation, are responsible for
global warming. Among these greenhouse gasses, CO2
has the largest impact. Sixty percent of CO2 emitted by
human activities is estimated to remain in the
atmosphere without being absorbed in oceans or lands,
its impact continuing for as long as a hundred years.
This is the reason why we should reduce CO2 emissions
by half immediately. Due to the possible enormous
hardship caused by such a radical reduction initiative, it
is important to achieve the reduction of CO2 emissions
as effectively as possible. For the planning of effective
CO2 emissions reduction measures, accurate estimates
and evaluations concerning individual emission sources
and sinks are required, leading to a necessity for
technologies to measure the spatial distribution of CO2

Aerosol

Aon

Received Intensity
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- and Network Group,
~ Applied

" Electromagnetic
Research Center
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metrology and laser remote sensing. He is also a guest professor at
the Tokyo Metropolitan University. He has a Ph.D. in science.

concentration in the atmosphere.

NICT has pursued the research and development of a
laser sensor to measure CO2 concentration, which can
monitor the spatial distribution of CO2 concentration
from a remote location, both day and night.

Observation by a 2 micron laser sensor

NICT has previously developed laser sensors to
observe wind profiles. We have been using a laser beam
of a wavelength of 2 microns, which is safe for eyes (not
harmful if the laser light hits the human eye), to observe
wind profiles. We found that this wavelength of the laser
was also very suitable for monitoring COz2. Several
absorption lines of interesting atmospheric molecules,
such as COz2, are included within the wavelength range
of this laser. By controlling the wavelengths of laser
pulses which blink only for a very short time, the sensor
device sends out pulse laser beams of two wavelengths

Principle of a Laser Sensor to Measure Carbon Dioxide. By
observing the reflected intensity of laser pulses of both strong
absorption wavelength and weak absorption wavelength, the
sensor measures the distribution of CO2 molecules within a
certain range based on the absorption difference between these
two wavelengths.

Note:

LD Pumped and Conductive-Cooled Solid State Laser
LD is an abbreviation for Laser Diode, which is a semiconductor
laser. The LD pumped and conductive-cooled solid state laser is a
type of laser which generates laser oscillation by pumping solid

laser rods with LD beams, conducts laser rod heat away through
conductive cooling, and has excellent durability and
maintainability features.
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LD Pumped and Conductive-Cooled Solid
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alternately into the atmosphere:
the on-line, which is strongly
absorbed by CO2, and the off-
line, which is close to the on-
line, but is not absorbed by CO2
(Fig. 1).

We can identify where the
received light reflected by
aerosols (particles, dust, and so
on) in the atmosphere is
returning from by the time
elapsed since transmission of
the laser pulse. Furthermore,
since on-line laser light is
absorbed by CO2 on both their
outgoing and return journeys,
the farther away the laser light
travels and returns, the weaker
it becomes. By comparing the intensity between the
received on-line and off-line lights, the distribution of
COz2 concentration can be measured. We use an LD
pumped and conductive-cooled solid state laser called a
“Tm, Ho: YLF Laser” (YLF is LiYF4, and is read as
Lithium Yttrium Fluoride) for this device (Ref. Fig. 1).

There is no more powerful 2 micron-conductive-
cooled solid state laser oscillator than the NICT laser.

The current status and future of CO:
concentration distribution observation

Fig. 3 shows an overall view of the system. The
system consists of a telescope and laser mounted on an
optical bench. This was installed at the Headquarters in
Koganei for the above-mentioned observation. Fig. 4
shows the horizontal CO2 concentration distribution
within a range of 1.5 km. We can find that COz2 is highly
concentrated close to the ground from evening to night,
but becomes lower in daytime due to mixing of the
atmosphere and the impact of plant photosynthesis. As
shown in the figure, the laser sensor developed by NICT
allows us to observe the CO2 concentration distribution
up to a range of 2 km. We intend to advance this
research and development in order to be able to measure
the CO2 concentration distribution more precisely and
over longer distances. Furthermore, in its current

This is the laser
rod

Tm, Ho: YLF Laser Rod
The Laser Rod (a
crystal of Tm, Ho: YLF)
is cooled to -80°C and
pumped by LD (Laser

Laser Sensor System for CO2 Measurement in the Laboratory

configuration, this system is not sufficiently compact to
be portable for making observations in locations outside
the laboratory. To respond to this requirement, we will
develop a more compact device, which can be
transported by car or airplane. It would indeed be
interesting if we could measure the CO2 concentration
distribution in urban areas, or load the device onto an
airplane and observe the changes in the CO:2
concentration distribution all around the Japanese
islands and the surrounding areas.

Aiming to develop a more easy-to-use device

Next year, two satellites will be launched, from Japan
and the United States, to observe global CO2
concentration distribution. The devices installed in these
satellites do not contain their own light source. We hope
to use the laser sensor for CO2 measurement developed
by NICT to validate the data collected by these
satellites, and contribute to the improvement of their
data quality. Furthermore, the technologies which we
have developed will serve as the basic technology for
sensors to be installed in future satellites. We also intend
to make these devices more compact and easy to operate
so that the 2 micron-laser sensor technology developed
by NICT will come to be used by many people.
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Evolution of Optical

Communication

towards High Spectral
Density Transmission

Technologies

Information traffic demand has increased
10,000 times during 20 years

The number of household optical fiber access service
subscribers has increased to over 10 million, and the
total estimated internet traffic (total traffic volume) has
grown to almost one terabit per second (10" = 1000
gigabits per second). Optical fiber communication
technology was employed commercially approximately
20 years ago by using the optical intensity modulation
technique to transmit binary digital information signals,
namely “1” and “0,” to indicate that light is on and off,
respectively. In 1989, the first-ever international
communication service via optical submarine cables was
started between Japan and USA. However, the
information transmission capacity per fiber at that time
was not significant—specifically, 280 megabits per
second (the order of 10° bits per second)—almost equal
to that supported by the optical fiber access service
currently provided to each household. This implies that
the information transmission volume has grown nearly
10,000 times within 20 years.

Conventional technology has reached its limits

Various innovative new technologies have been
developed and put into practical application in order to
accommodate rapidly increasing traffic demands; such
technologies include wavelength division multiplexing
(WDM) systems that multiplex multiple wavelengths
containing individually modulated optical information
signals into a single optical fiber; and optical fiber
amplification technologies that act as repeater amplifiers
for wavelength multiplexed optical signals without
requiring electrical termination for regeneration.

Previously, the increase in demand for traffic had
been resolved by increasing the optical On/Off rate (bit
rate) per wavelength channel and the WDM channel
number; however, such conventional technologies alone
cannot be employed to meet the current fast-growing
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demand. If we insist only on increasing the bit rate, the
following problems occur: (1) Optical signals suffer
serious distortion during transmission via optical fiber
characteristics; (2) In order to avoid interference
between neighboring channels due to overlapping of
wavelength bandwidth per wavelength channel, channel
spacing must be increased; and (3) As a result, all the
wavelength channels demanded cannot be
accommodated within the limited amplification
bandwidth of the optical fiber amplifier.

R&D on multi-level optical transmission
technologies to be extremely critical

Immediate development of technologies to transmit
information in a highly efficient manner has become
critical. Because more than one bit of information per
optical pulse (per time slot) cannot be transmitted by
using an optical on/off scheme alone, research and
development on multi-level optical transmission
technologies that can transmit two or more bits of digital
information per optical pulse by conveying information
also on phases (angles), another characteristic of optical
waves, is, extremely important.

As shown in Fig. 1, by using the status of a phase
plane that has four (2%) phases (four levels) with an
angular separation at each right angle, if information is
assigned using the four angles, 00, 01, 11, and 10, two
bits of information can be transmitted per time slot, thus
allowing the transmission of information with greater
speed and efficiency.

Furthermore, by combining the intensity and phase
characteristics, 4 bits of information with 16 (2%) levels,
and 6 bits with 64 (2°) levels in one time slot (in the
same bandwidth) (Fig. 2) can be transmitted. By using
this technology, even if traffic demands significantly
increase, it will be possible to transmit double, fourfold,
sixfold, and higher volumes of information signals via
the same bandwidth per channel. In other words, the
wavelength bandwidth occupied by a certain volume of
information transmission can be compressed to half,
one-fourth, and one-sixth (bandwidth compression).



Achieving technologies for cancellation of
phase-noise and waveform distortion

Multi-level transmission technologies have already
been implemented in the practical application of
wireless communication systems such as mobile phones.
However, in order to realize multi-level transmissions,
particularly with 16 or more levels, by using optical
fiber transmissions, several technological issues must be
resolved.

I would like to introduce a technology that can be
employed for cancel