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Abstract - With the development of information and com-
munication technologies, it is hoped that a world in which
all people can live bountiful and happy lives can be
achieved using innovative technologies. In other words, a
Smart World. “Digital to Natural” is a transformation that is

crucial to turning the concept of a Smart World into a reality.

It means not only pursuing the ultimate digital vision of
high-speed, high-capacity, high-definition performance, but
also creating new value that can be achieved by naturally
capturing and making the best use of a variety of infor-
mation that previously could not be captured by humans.
This will allow people to naturally and unconsciously bene-
fit from technology. This paper describes what should be
considered in order for technology to evolve into a more
natural form, and shows technologies that support it such as
Al, visual media, and ICT infrastructures — IOWN. This
paper also presents concepts for several services that this
technology can enable.

Keywords. natural, generous Al, Kirari, IOWN, Point of
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1 INTRODUCTION

With the development of information and communication
technologies (ICT), the society of the future will be the fifth
society to evolve, following on from the previous four stag-
es of human social evolution. Society 5.0 can be regarded as
a super smart society that takes the fullest advantage of digi-
tal innovation[1]. The world that will be created through
society 5.0 is a Smart World, in which everyone's lives and
society itself will be totally changed for the better in every
way.

How can we create this new Smart World? In creating new
value for society, it is of course important to consider “tech-
nology innovation” that seeks to improve performance, such
as communication capacity, but it is also important to con-
sider “value innovation” that creates new social values at the
same time.

ICT has evolved as the frontier of “digital.” But should we
continue along this path? In other words, what should we
aim for next at this time when “digital” has reached its
peak? We believe that what we should aim for is embodied
by the keyword “natural.” That is “Digital to Natural.” The
next step in digital's evolution is towards natural.

This paper describes what should be considered so that
technology can evolve into a more natural form, and shows
the technology that supports it and the concepts of the ser-
vices that it enables. The rest of this paper is organized as

follows; Section 2 presents some examples of what we think
of as natural. Section 3 shows the direction in which the
technologies supporting natural should go, particularly for
Al, visual media, and ICT infrastructures. Section 4 presents
the concepts of services that blend naturally into people's
lives, and Section 5 concludes this paper.

2 DIGITAL TO NATURAL

“Digital to Natural” is the next paradigm change for tech-
nologies. This section describes two viewpoints: why and
what we think of as natural for the evolution of technologies.

2.1 “Natural” for Diverse Value Judgement

In a diverse world, inhabited by people of all nationalities,
ages and backgrounds, it is full of different value judge-
ments. In such a world, “natural” is important if individuals
and businesses, regardless of their characteristics, are to
benefit from technology. Sometimes it keeps a caring eye on
the lives of people without them being aware of it; some-
times it helps people do things more efficiently; and some-
times it appeals to their emotions. It also helps to provide a
comfortable environment that is friendly to people and the
global environment. We think the future of ICT should be
seen in this way.

For technology to make this vision a reality, it is not
enough to develop high-definition and high-sensitivity sen-
sors and obtain more information. We will need innovative
information processing that understands the senses of others
and the subjectivity of each individual, and to look beyond
conventional wisdom toward the diversity of life and sys-
tems. Where the result of such technology can be enjoyed by
humans without feeling any stress or discomfort, we call this
congenial state “natural” and this state is the objective which
we pursue.

2.2 Creating Innovation through Learning
from Living Things

The diversity of values is not limited to the human world.
For example, imagine beautiful yellow flowers. Human be-
ings perceive colors in a certain way that allows them to
appreciate and enjoy the beauty of flowers (Figure 1(a)).
The way in which honeybees perceive flowers, on the other
hand, is very different as they can see ultraviolet rays, and
the center of the flower is emphasized (Figure 1(b)). For
honeybees, a beautiful-looking flower has no intrinsic value.
However, it is important for them to know where the nectar

ISSN1883-4566 © 2020 - Informatics Society and the authors. All rights reserved.



96

and pollen of flowers is in order to live, and that is the “val-
ue” for honeybees.

Let’s take another example; imagine mantis shrimps in the
sea. They have receptors that can discriminate as many as 12
different colors [2]. Humans discriminate intermediate col-
ors based on three primary color (red, blue, and green) re-
ceptors and information processing in the brain. In contrast,
mantis shrimps sense things extremely rapidly with their 12-
color receptors and minimal information-processing (Figure
2). What’s of value to them is a high-speed response in or-
der to capture their prey moving through the water. In the
case of honeybees, what’s remarkable is that they can see
what humans cannot. What is notable about mantis shrimps
is that they have a mechanism for directly processing infor-
mation.

For a long time, humans have created innovations through
learning from other living things, especially by mimicking
them. The designs of jet planes and trains are examples of
using such a mimicry approach. We want to take it a step
further. Every animal species has a unique sensory world in
which it lives. Jakob von Uexkill, a German biologist,
called this phenomenon “umwelt” to signify a self-centered
world, using the German term for “environment.” [3] It
means that how things look varies depending on the viewer.
Accordingly, the type of information a species transmits and
the way it processes information vary depending on what is
of value to that species. We believe that if we regard the
world as a field that holds diverse values, and if we can use
“patural” information as it exists in the world, hitherto un-
used due to the digitization of current sensors being limited,
such as digital sampling and quantization, we will be able to
create new values that we could have never previously im-

(b)
Photo by Bjarn Rarslett / Science Photo Library (Aflo)
Figure 1: Flower as viewed by humans and honeybees.
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Figure 2: Comparison between the ways in which hu-
mans and mantis shrimps see something.
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agined.
3 TECHNOLOGIES FOR NATURAL

This section provides some examples of technologies that
can lead to natural value, and how these technologies should
evolve hereafter, particularly for Al, visual media, and ICT
infrastructure.

3.1 Al

(1) Natural conversation with robots

The first one is interaction with robots. Even now, there
are examples of robots being used in shops to guide custom-
ers. But they are not able to function at a particularly high
level. This is because that, currently, most robots can only
converse within the context of a predetermined scenario, or
are capable of asking only simple questions and providing
simple answers. However, human conversations frequently
involve unscripted small talk and discussions.

Higashinaka et al. [4][5] have developed robots which can
enter into a more realistic discussion. This research led to
the creation of a discussion structure that allows opinions
about certain topics to be expressed, and they developed a
mechanism to extract opinions that either support or disa-
gree with a certain proposition depending on what the other
party says. Through the evolution of this kind of technology,
human activities are supported more naturally by making
people and Al understand each other better through authen-
tic conversations.

(2) Crossmodal voice / face conversion

Another example is how Al now has the ability to discern
sound in a more human way. Humans can conjure an image
of what a person's face looks like from the impression creat-
ed by his/her voice, or what someone’s voice may sound
like from the impression created by his/her face. Kameoka
et al. [6] showed how Al might be able to do this. They
developed a cross-modal voice conversion model using deep
generative models, which can convert speech into a voice
that matches an input face image and generate a face image
that matches the voice of the input speech by leveraging the
correlation between faces and voices. Humans can recognize
things by using different senses, such as vision and hearing.
We believe it is important to create natural Al that is more
responsive to people's feelings by providing Al with these
unique human abilities.

(3) Seeking more natural Al

The performance of Als when listening, speaking, and
viewing things is improving. The time will come when it is
more than adequate. We believe that at some stage in the
future, thinking Al that supports human thought processes
will become more important than ever.

The future of Al should be one that incorporates various
values and helps people to consider complicated problems
for which there is no single answer. For example, the best
route to travel from one place to another may depend on a
person's values, personality, circumstances, and habits, such
as wanting to go quickly, have fun, or go safely. We believe
it is important for Al to understand these differences and
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handle variations in values in order to find the best solution
for each individual. We call such Al “generous” Al.

3.2 Ultra-realistic Viewing

(1) Kirari

High image definition technologies such as 4K and 8K
will create a greater than ever sense of excitement. However,
it is questionable whether it is effective to continue increas-
ing the resolution in order to further raise the level of ex-
citement. People feel a sense of presence through complex
perceptual processing, and it is important to utilize multiple
types of sensory information beyond the monitor frame. The
objective of the “Kirari!” project [7][8] is to provide more
natural video services.

The concept of Kirari was announced in 2015 and used a
table tennis match as an example (Figure 3). The table tennis
tables were real, but the players and the balls were not; they
were actually displayed in virtual 3D. This demonstrated
that by combining real and virtual, you could experience
sports with a very realistic feeling, just as if you were pre-
sent in the stadium. The most important aspect of the Kirari
concept is that it creates a natural and highly realistic space
by decomposing a scene into its constituent elements such as
video streams, audio, lighting and other sensory information,
transmitting these elements separately, and then recompos-
ing them in a way that is best suited to the conditions at the
viewing site.

(2) Ultra-wide viewing

Another technical feature of Kirari is ultra-wide viewing.
For example, windsurfing competitions are difficult to fol-
low as they are taking place far away from the beach, and
spectators cannot understand what is happening in a contest
if they can only see a specific part of the course. To under-
stand what is taking place, even a 4K screen alone is not

Figure 4: Ultra-wide viewing.
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enough. Kirari’s ultra-wide viewing technology stitches to-
gether multiple 4K screens in real time to create a very wide
screen at a remote venue (Figure 4). The spectators will ac-
tually feel as if they are present at the venue and watching
what is taking place. This can be applied to many different
sports including soccer and baseball [9][10]. It also makes it
possible for spectators who cannot easily visit a distant ven-
ue, such as those confined to a wheelchair, to enjoy sports.

(3) Use case of Kirari

Kirari has also led to innovations in the field of entertain-
ment, for example, new Kabuki productions using ICT. In
the show “Cho Kabuki,” a virtual idol called Miku Hatsune,
and a real Kabuki actor, Shido Nakamura, were able to per-
form together using ICT [11]. Many people, especially
young people who are not familiar with Kabuki, watched
Cho Kabuki and discovered how entertaining Kabuki really
is. It has really contributed to the creation of new values.

Kirari will continue to evolve. Its aim is not only to con-
vey images and sound as they are, but also to activate peo-
ple's sensitivity and psychology based on stories, such as
those from history, and knowledge. This is truly Natural, as
it conveys emotions to the human mind.

3.3 ICT Infrastructure

(1) IOWN

The conventional motivations for development of infor-
mation and communication processing have been to increase
speed, capacity and efficiency using digital signal pro-
cessing. For example, the Internet has proven useful for
providing many services and supporting business activities
through adoption of common protocols to make an inexpen-
sive network available based on the “best-effort” principle.
Today, the volume of Internet traffic is increasing exponen-
tially. Cisco estimates that global IP traffic is growing at a
rate of 26% per year, and will total nearly 400 exabytes of
traffic per month in 2022 [12]. However, there are limits. As
traffic and data processing volumes grow, the power con-
sumption of IT equipment also continues to increase. To
date, integrated circuit performance has continued to in-
crease exponentially, but we are approaching its limits.

If we are to evolve technology to simultaneously capture
the diverse values that exist in the world, we need to pene-
trate new technical domains. Both the umwelt of honeybees
and that of mantis shrimps actually exist in this world. But,
these worlds are missing from the current world of IP or the
digital world. We want to convey sufficient information and
process it appropriately based on diverse values, and to pro-
vide benefits in a natural way.

To achieve this innovation, NTT, Intel and Sony have an-
nounced a new infrastructure concept called IOWN, Innova-
tive Optical and Wireless Network [13][14]. IOWN is aimed
at providing an innovative information processing platform
that supports processing on a massive, unprecedented scale,
and brings about changes that surpass the limitations of con-
ventional technologies, such as power consumption barriers.

Figure 5 shows the three elements that comprise IOWN:

+ All-photonics network is designed to dramatically en-
hance the potential of the information processing base.
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Figure 6: Development of technologies towards Pho-
tonics-electronics convergence

+ Digital twin computing is designed to create a new envi-
ronment for services and applications.

+ The goal of the Cognitive Foundation is optimal harmoni-
zation of all ICT resources.

(2) All-photonics network

Optical technology, which was originally used for long-
distance transmission such as intercontinental networks, has
come to be used for short-distance transmission like FTTH
and intra-data-center networks. IOWN’s all-photonics net-
work expands the applications of optical technology, apply-
ing it not only to networks but also to inside semiconductors
in terminals and servers. The foundation for achieving an
all-photonics network is photonics-electronics convergence.
This makes it possible to process light and electricity on a
single chip (Figure 6). For example, Nozaki et al. [16] de-
veloped a femtofarad-scale optical transistor using a photon-
ic-crystal platform, which reduces power consumption by
about two orders of magnitude in comparison to conven-
tional devices (Figure 7). All-photonics does not necessarily

* *
pm %y

(a) Conventional Digital Twin
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Figure 7: Ultra-low-energy and high-speed optical
transistor.

mean that all electrical components will be replaced with
optical parts but, rather, to use optical technology every-
where.

The all-photonics network has three technical advantages.
The first is low power consumption. We solve the heat prob-
lem by incorporating photonics technology into everything
from networks to terminals. The second is transmission ca-
pacity. Multi-core, multi-wavelength communication tech-
nology is increasing the capacity of 1 optical fiber up to 1
peta bps. Yet another advantage is low latency. Some ser-
vices will be able to greatly reduce processing delay by di-
rectly transmitting raw information in a wavelength band,
which is currently delayed by such factors as IP packet wait-
ing and data compression.

(3) Digital twin computing

Today, digital twin technology is attracting attention
across a wide range of industrial fields. A digital twin is an
accurate cyberspace representation of a real-world object
such as a production machine in a factory, aircraft engine or
automobile (Figure 8(a)). However, most of the current ap-
proaches are focused on creating a single umwelt in cyber-
space, which is simply a copy of the real world. But, as can
be seen in the examples of the umwelts of bees and mantis
shrimps, our world is full of various kinds of information
that humans cannot perceive.

Digital twin computing [17] is a new computing paradigm

(b) Digital Twin Computing

Figure 8: Digital Twin Computing.
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that will allow us to perform operations and interactions
between many digital twins in cyberspace such as cars, ro-
bots, and people (Figure 8(b)). For example, digital twin
computing can simulate the future of a digitized city in cy-
berspace. This means the future can be changed by simulat-
ing the development and decline of a city and feeding back
the results to actual city planning. Thanks to technical inno-
vation, humankind will be able to go beyond its own umwelt
and access all types of available information. We believe
digital twin computing will capture everything in the real
world and by re-presenting it in cyberspace it will enable the
creation of new values, previously inconceivable to humans.
Although today's cloud and other computing platforms are
underpowered to perform complex calculations between
many of the individually focused digital twins, the low-
power-consumption, high-capacity information processing
enabled by all-photonics network will be the answer.

(4) Cognitive Foundation

The Cognitive Foundation is a concept that flexibly con-
trols and harmonizes all ICT resources. Its key points are
self-evolution and optimization. There have been many at-
tempts to detect failures based on logs issued by telecom-
munications infrastructure devices and to deal with them
autonomously using Al. The time has come to move well
beyond that approach. The Cognitive Foundation incorpo-
rates a wide variety of information that cannot be monitored
by the network, such as weather prediction information
about the strength and path of an approaching typhoon and
information about planned events. It also incorporates in-
formation about the various umwelts referred to earlier in
this paper. Based on the collected information, the system
will optimize the network autonomously. For example, it
will plan and execute measures against a disaster before it
occurs. It will make predictions and evolve itself according-
ly, in other words, self-evolving service lifecycle manage-
ment.

(5) IOWN Global Forum

Realization of IOWN requires not only telecommunica-
tions and computer technologies, but also the insight of re-
searchers and experts from various fields, such as the social
sciences and the humanities. The IOWN Global Forum was
established in 2020. This is a new industrial forum to facili-
tate cooperation among global partners with the objective of
driving forward research and development for IOWN [18].
The forum accelerates the adoption of a new communication
infrastructure to meet our future data and computing re-
quirements through the development of new technologies,
frameworks, specifications and reference designs in a num-
ber of areas.

4 FUTURE SERVICES CONCEPTS

This section describes the concepts of future services that
blend naturally into people’s lives as a result of evolving
technologies described in the previous section.
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4.1 Point of Atmosphere

“Point of Atmosphere” is a concept for future natural de-
vices (Figure 9). Imagine someone living in a world where
there are no terminals anymore. A Point of Atmosphere is a
connecting point for all devices to the environment itself.
For example, when this person wakes up, various things in
the immediate environment can be used to ascertain the per-
son’s state of health, traffic and other conditions, and then
naturally give this person relevant advice. When this person
is about to go out, the bag may appear to be bringing atten-
tion to itself by blinking using new projection technology,
thereby letting the person know that something has been
forgotten. As soon as the closet is opened, the down jacket
hanging there advises the person to wear it because it's cold
outside. Or when going into a wine bar, the wine bottle itself
suggests that this is the wine to be tried. There will be a
world where various things around people watch and sup-
port their lives. That's natural.

4.2 Heart-warming Elderly Care

The final example of a service concept is one that supports
dementia sufferers so that they are able to lead rewarding
lives [19]. Imagine a mother who suffers from dementia and
she has forgotten the name of her son. To help jog her
memory, her digital twin may display videos of the son’s
childhood (Figure 10). Moreover, the digital twin may sense
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her emotions and thoughts and find a piece of music that can
help awaken her memories. We believe this helps her to
recapture memories of her son, and bring about a future in
which everyone can be connected to his or her memories, be
connected to other people, and enjoy a contented life sup-
ported by mental and physical health.

5 CONCLUSION

This paper described a world where many people from di-
verse backgrounds and cultures can naturally benefit from
technology. Although ICT has evolved as the frontier of
“digital,” the next step in digital's evolution is towards “nat-
ural.” Many technologies such as Al, ultra-realistic commu-
nication, networks, and information processing are evolving
towards creating natural value. We showed how these tech-
nologies could continue to evolve in the future and how they
will be able to assimilate and respond to various values, how
they can convey excitement, and how they can support peo-
ple's lives in a natural way. This paper also showed the con-
cepts for future services that blend naturally into people’s
lives as a result of evolving technologies. We hope such a
smart world will become a reality in the near future.
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