The economy
and society:
How are they
likely to change?

Exploring
Japan

in

2050

What do you imagine Japan will be like in 30 or 40 years?
The global scale and pace of change, in terms of the economy,
industry and society is greater than at any previous point in history.
People alive today need to use the perspective of looking back on
the present from the future.
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Why do we have to think about
2050 now? During our daily lives
includes work, we tend to maintain a
narrow perspective. It is, of course,
important to address the issues we’re
immediately facing. However, if we
have no mid-to long-term view of
the future, it is difficult to see what
we really need to do now in such a
rapidly and dramatically changing
world. This can also hold true for
national policies.
For example, the population problem.
It is believed that the period from
now to 2050 will be a difficult time for
Japan in terms of both the economy
and finance. The children of the baby
boomer generation will be reaching
the age of 75 or older (latter-stage
elderly) while the global population is
expected to increase to 9.6 billion,
driven largely by growth in emerging
countries. Throughout this period, the
comparative advantage of countries
which are currently developed and are
at the forefront of the global economy
will continue to lessen.
Intensified competition for food
and energy resources is a serious
possibility, and in the environment,
the effects from global warming could
be increasingly serious. Amidst such
mid- to long-term structural changes,

now, the question for Japan is how
to overcome such problems and the
type of vision Japan will pursue as a
nation.
Game Changers: bringing drastic
change to our economy and society
In addition, we cannot ignore the role
of technological innovations when
thinking about our future, because
technology has the potential to be a
“game changer,” with the power to
instantly transform society, people’s
daily lives, and the structure of the
economy and industries.
It is essential for society to become
flexible and adaptive so that it is
ready for the transformations brought
about by these game changers and
in so doing, become a game changer
itself. Therefore, we have chosen
three technologies from among those
that have piqued METI’s interest, and
will reveal their potential value in the
following pages.
What will the future look like with
these advanced technologies?
Imagining such a future will give us,
who tend to be short-sighted, an
opportunity to think about the mid-to
long-term.
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As a tool that supports “humanity”
In many industries, it is expected that
the “spread of big data,” in which a
large amount of data is constantly
acquired and analyzed, will continue
to progress, and that an “evolution
of AI,” in which the analyzed data is
automatically processed, will occur. In
this process, and with these changes,
there is a possibility that the “technology
of automatically discovering” distinctive
aspects of data through AI will rapidly
develop, and the creation of new
business, for example, is eagerly
anticipated in such areas as monitoring
and anomaly detection.
By 2050, a society based on
considerably matured AI technology

Utilization of professional tacit
knowledge for information analysis
In 1956, the term AI (Artificial Intelligence) was used for the first time in history.
Some 60 years have passed since then. It is the age of big data today, and AI technology is
rapidly developing.
We interviewed Mr. Masahiro Morimoto, who is the CEO and Chairman of the Board of UBIC, Inc.,
which is a service provider making use of AI, and asked him about the present and future of AI.

AI-based text data analysis in the medical field
Data from samples including
patients’ (such as elderly
patients’) words and actions
used to predict when a person
will lose their balance or fall
(“training data” in this case)

Artificial Intelligence

Input
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Medical records of patients
who have a risk of falling

Extraction
of data with
a high
degree of
association

Detection of necessary information
from an enormous quantity of data
“One of the many types of AI which is currently drawing the most
attention is an AI that interprets a small amount of data provided in
advance as if it were “advice from a supervisor,” and uses that
advice as a guide to further independent learning. This enables the
AI to quickly sift through enormous amounts of data to find critical
subsets of data. In a hospital, for instance, electronic medical
records that describe the words and actions that are supposed to
be predictive of falling are provided to the AI as “training data.”
This data consists of textual data that freely describes patients’
conditions including phrases such as “The patient was confused
after surgery and spoke and acted inconsistently,” and “The patient
could not calm down and tried to leave with his/her bag.” By
analyzing a large number of medical records accumulated every
day, the AI acquires the necessary information and can
subsequently inform the medical staff of any potential risks. The AI
makes it possible for the medical staff in the hospital to proactively
detect each patient’s risk of falling and care for them attentively.

UBIC, Inc. has developed its own
AI that performs machine learning
based on “training data,” which is
provided in advance. The AI is
utilized to support sophisticated
analysis of information including
big data.
— What are the technical features
and the value of this type of AI
that can learn by itself using
training data as a guide?
Morimoto: Experts in each field
have cultivated feelings and
sensitivities, in other words, tacit
knowledge. Computers can learn
this tacit knowledge, make it explicit,
and use it for big data analysis and
so on. This is a remarkable feature.
We originally used this technology
for detecting critical evidence from
an enormous amount of electronic
documents owned by companies in
cases of international lawsuits. We
give the AI some necessary tips, and
it goes through all the documents for
the lawyers. Giving the AI some tips
doesn’t mean programming it based
on a set of conditions and
responses, but rather just feeding
the AI a certain amount of results
selected by lawyers.

will have been realized. For example,
a society in which productivity is
remarkably improved, various stresses
of daily life have been removed, crime
has decreased, and the distribution and
transportation of goods are optimized—
this is my image of an ideal society.
Although the threat of AI to humans is
occasionally mentioned, technology is
simply a tool.
Whether a technology is beneficial or
dangerous depends on us. I think it is
important for our society as a whole to
establish an understanding that AI is
used as a tool to make humans more
human.

— What other applications
can you think of?
Morimoto: For example, it is
possible to detect predictive signs
of inappropriate or criminal activity
by analyzing e-mails and messages
written on SNS sites.
A method of extracting suspicious
written messages by defining
keywords related to inappropriate
actions or crimes has been in use
for a long time. However, a large
percentage of unrelated documents
are also flagged by this method. In
the AI-based approach, however, we
make the AI learn the know-how of
professional investigators who are
skilled at identifying delicate nuances
in the context of written messages.
In this way, the working efficiency
of the AI is improved to where it is
thousands of times greater than that
of humans.
On the other hand, we have also
started to develop a service for
recommending favorite books,
restaurants, and accommodations
by making the AI learn the interests
and preferences of humans.
On conventional review sites, it is

Dr. Yutaka Matsuo
Project Associate Professor,
School of Engineering,
University of Tokyo
 atsuo Laboratory
CLICK! l M
School of Engineering,
University of Tokyo
(Japanese version)

hard to prevent the reviews from
being somewhat biased according
to the age group and gender of the
reviewers, which leads to inconsistent
recommendation. In the services now
being developed, however, if you
specify your ten favorite books, for
example, the AI will read the subtle
tendencies in your preferences to find
recommended books for you.
— What roles do you think AI
will play, looking toward the
future in 2050?
Morimoto: One of the attractive
points of AI is that it can inform users
of aspects of relations between data
that they previously were unaware
of. In that sense, AI will be a strong
supporter for users in fields where
human senses and tacit knowledge
play important roles.
Good use of AI allows people to
spend more time on essential and
creative matters. Progress in AI
boosts human evolution. I think this
is the ideal way of using AI.

Mr. Masahiro
Morimoto
CEO and Chairman
of the Board,
UBIC, Inc.
BIC, Inc.
CLICK! l U

METI Journal

07

20 IC
50 AL
in

ED

M

Cancer treatment using polymeric
nanomachines
Anticancer drugs in
general affect even
normal cells.

Minimized polymeric capsules
with multi-functionality

Polymeric nanomachines
Polymeric nanomachines
release anticancer drugs
are capable of targeting
when they detect
cancer cells.
Polymeric variations in pH.
nanomachine
General
The word “machine” may remind you of something
anticancer drugs mechanical comprised of gears, springs, and other parts.

Inactivation
(detoxification)

Area of
normal cells
Area of
cancer cells

Nucleus
(Treatment
target)

Openings in blood vessel walls around cancer cells
are wider than those in healthy blood vessel walls.

Detoxifying
protein

Overcoming
drug
resistance

But, a “polymeric nanomachine” is made up of molecules as
its name suggests. Molecules having various functions are
assembled and injected into the body in the form of minimized
capsules. For the purpose of cancer treatments, the
anticancer drugs are bonded to the polymer strands in the
capsule and let cancer cells capture these capsules, which
then release the anticancer drugs near the cancer cells’
nuclei. In fact, openings in blood vessel walls (holes for taking
in nutrition and other essential components) around cancer
cells are wider than those in blood vessel walls around normal
cells. Thus, a polymeric capsular nanomachine about 50
nanometers in diameter can efficiently target cancer cells.
Molecules composing the capsule are given various functions
beforehand, for example, the function of non-degradable
inside organs such as the liver and of releasing anticancer
drugs on sensing variations in pH.

amyotrophic lateral sclerosis (ALS),
which is a neurodegenerative disease
causing muscle atrophy and weakness.
Polymeric nanomachines are capable
of delivering drugs and genes into
target areas in the body. The
University of Tokyo has already
developed a nanomachine effective for
cancer treatment, and domestic and
foreign research institutions are
conducting clinical tests of this
polymeric nanomachine.
—What are the merits of utilizing
polymeric nanomachines?

Targeting cancer
cells in the body!
“Fantastic Voyage” is a movie in which doctors are miniaturized together with their submarine and
injected into the body for an operation. The world as described in this science fiction movie, released
in 1966, is being realized in some aspects. We interviewed Prof. Kazunori Kataoka of the University of
Tokyo, who said, “Although humans cannot be shrunk, machines can be sent into the body.”
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Kataoka: The critical issue in anticancer
drug treatments is the side effects.
Anticancer drugs affect even normal
cells. In contrast, polymeric
nanomachines can target only cancer
cells and intensively attack them like a
Trojan horse. In Japan, the U.S., and
Asia, clinical tests of the polymeric
nanomachine are already being
conducted. Some of these tests have
entered the final stage.
—Besides cancer treatment, which
fields will polymeric nanomachines
be applied in?
Kataoka: Polymeric nanomachines
are expected to contribute to the
treatment of neurological disorders
and regenerative medicine. For
example, they may be applied in the
treatment of Alzheimer’s disease and

—What do you think about the
significance of such collaboration
between medicine and engineering?
Kataoka: It is very important that
researchers in medicine and those in
engineering objectively evaluate each
other’s studies to leverage each other’s
potentials, because discussions only
between experts in a particular field
tend to be inward-looking. I feel that
the collaboration between medicine
and engineering is the inevitable result
of today’s circumstances in a certain
sense. Engineering plays its roles
through sensing, processing
(procedures), and operation (functions).
Such engineering processes, which
are independent of doctors’
craftsmanship, are now required in the
field of advancing medical care.
Ensuring the quality level of diagnosis
and treatment through engineering
techniques will increase the possibility
that everyone can receive the same
level of medical treatment anytime and
anywhere.
—Please tell us about the next
goals to aim for and challenges.
Kataoka: To build an environment
where similar levels of medical
treatment are broadly available at an
appropriate cost. This is the ultimate
goal. If the power of engineering
technology can mitigate the doctor’s
burden, people can receive more

human medical treatment than before,
though it may seem paradoxical.
Nanomachines are being researched
and developed not only as a tool for
sending drugs into the body but also
as a device for diagnosis and
treatment. We call these devices
“nanomachines” because we do not
want to limit their applications and
hope their applications will continue to
expand for the next 40 or 50 years.
Government authorization is
necessary for the commercialization of
nanomachines, of course. Therefore,
I would like the government to
proactively formulate guidelines about
certification procedures well in
advance. It is essential to prepare an
appropriate environment for us to take
advantage of such new technologies.
One ideal outcome is that in the future
we will realize a “hospital in the body,”
where microscopic machines can move
around in the body, to transmit signals
to doctors when they detect something
wrong, and to autonomously cure it.
We are devoting ourselves to further
research in order to specify and realize
the “hospital in the body.”

Dr. Kazunori Kataoka,
Doctor of Engineering
Professor, Department of
Materials Engineering,
Graduate School of
Engineering and Center for
Disease Biology and Integrative
Medicine, Graduate School of
Medicine, University of Tokyo

 ataoka Lab, Graduate
CLICK! l K
School of Engineering,
University of Tokyo

METI Journal

09

Y
G
20
50

in

EN

ER

Power generation system in space

Converted into microwaves
to send power to the earth

Transmitting
antenna

SSPS satellite

Micr

owav

es

Receiving
antenna

Converts electric
power into microwaves
and transmits it to the
earth

Rectenna
(Receiving antenna)

Photo of a wireless power transmission
experiment. The microwaves was
controlled with accuracy and was
transmitted successfully from the
transmitting antenna to the receiving
antenna located 55 meters away.

Generating electricity in space from the solar energy and
then sending it to the earth. The development of the Space
Solar Power System (SSPS) is making concrete progress
toward commercialization. The system works by using the
following key processes. First, the panels which integrated
the power generation function and the transmission
function operate in a geostationary orbit 36,000 meters
above the earth. Then, the generated power is converted
into a microwave beam to be transmitted to the earth, and
the microwaves are received by antennas called rectennas
on the ground. The microwaves are converted back to
electric power to be fed into power grids. The biggest
advantage is that it allows a stable supply of electric
power day and night with little or no effect of seasonal or
weather conditions. The amount of generated power in
space is expected to be 10 times that generated by
photovoltaic power generation.

single focused point but also to a
broader area by forming the beam
differently.
— Why do we need to convert the
power into microwave beams?

Space Solar Power System that
generates electric power with solar
panels mounted on a satellite and
transport it to ground. This is an
ongoing project that intensively
involves both the public and private
sectors including Mitsubishi Electric
Corporation.
— What are the key technologies
for the SSPS?

Obtain unlimited
solar power in space!
Japan’s energy self-sufficiency ratio is only 5%. Amidst expectations to overcome this situation at an early date,
the Space Solar Power System (SSPS), which will enable stable power generation regardless of weather conditions
and other such variables, has been drawing attention.
Dr. Yukihiro Homma of Mitsubishi Electric Corporation, says, “Commercialization is already in view.”

Homma: Transmitters, receivers,
and controllers to steer microwave
beams. These three are the key.
Among these, the technology “to
direct the beam onto a point of
interest” will largely determine the
system’s performance. For example,
the system will be able to instantly
change the beam’s direction to send
power based on information such as
“Electric power in the Kanto Region
is a little short today,” or “Electric
power in the Kyushu Region is
running out.” High precision beam
steering enables such adjustment.
By the way, the technology enables
transmission of power not only to a

Homma: Because microwaves have
an advantage in that they can easily
penetrate thick clouds and rain.
It’s always sunny in Space night
and day. Solar power is unlimited.
In addition, this kind of power
generation causes almost zero CO2
emissions. The SSPS technology
can send such clean energy to the
earth 24 hours a day effectually.
— Tell me which stage is the
project at?
Homma: As for the transmission
panels, I sense that their thickness
and weight are getting close enough
for us to imagine “launching the
system into space.” The current
thickness is 2.5 cm, which is
equivalent to the diameter of a
10 yen coin, and they have become
compact to the point of being one
tenth as thick as the similar function
panels five years ago. We
conducted a field test of
wireless transmission at
a distance of 50 meters
this March, and it was
successful. Obviously,
we need to continue
such demonstration
experiments on the
ground before realizing
huge panels that can

generate power on the order of a
million watts. I think, however, it
won’t be so long before we actually
launch a small-sized system. Those
technologies will be thoroughly
established by 2030, and will be very
common by 2050. I envision such a
future.
— What kind of changes will this
technology bring to society?
Homma: We will be able to hand
down safe sources of energy to the
next generations. It’s appealing that
Japan has the potential to be an
energy-“exporting” country by
sending electric power from the
SSPS in space to rectennas installed
at foreign countries. Wireless
transmission of power will bring
various kinds of convenience to our
daily lives. I am so excited.

Dr. Yukihiro Homma
Observation Systems Section,
engineering manager
Infrastructure & Plant Engineering,
Information Systems Department
Communication Systems Center
Mitsubishi Electric Corporation
 itsubishi Electric
CLICK! l M

Corporation Space
Systems Portal Site
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