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View from the Top

If You Are Determined, You Can
Achieve Anything—Take on New
Challenges While Strengthening

Existing Businesses

Akira Shirahase

Senior Vice President, Executive Manager of
Technology and Innovation Department,

NTT WEST

Abstract

NTT WEST continues to take on challenges together with its stakehold-
ers to create an exciting future by using information and communication
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Re-defining “NTT WEST Spirit” at a major
inflection point

—Could you tell us the status of NTT WEST’s busi-
ness?

Amid declining revenue mainly due to the decrease
in the number of fixed-telephone subscribers, NTT
WEST is going through a period of transformation to
shift its revenue structure to that focused on busi-
nesses in growth areas. To remain a useful partner
with regional communities and transform ourselves
into a company that can grow even more, we are
accelerating our transformation into a leaner organi-
zation capable of responding quickly to changes in
the environment by reviewing our working practices
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while boosting our business in growth areas to more
than 50% of our revenue by 2025.

In 2021, we set a new purpose, “‘Connecting’ then
‘opening’ the door to the new world. As a member of
regional communities, we will continue to pursue a
vision of a future in which all people are happy and
prosperous. To that end, we will refine our technolo-
gy and wisdom and take on the challenge of co-creat-
ing new value.” To achieve this purpose, all employ-
ees are taking ownership of their work.

—It is important to take ownership over everything.
What are you doing to achieve the company’s pur-

pose?

In addition to encouraging employees to link their
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purpose to that of the company’s, we have set up dia-
logue meetings in each department to exchange opin-
ions and provide opportunities to talk with top man-
agement. [ also participate in such meetings and lis-
ten to the discussions. I receive reports from manag-
ers on a daily basis, so I find the time I spend meeting
face-to-face with non-managerial employees, talking
with them at length, and listening to them very enjoy-
able and fulfilling. Naturally, some of the opinions
expressed in those meetings have been harsh, but
such candid exchanges have given me valuable
insights. Today is said to be the age of VUCA (vola-
tility, uncertainty, complexity, and ambiguity), in
which we are faced with complex and diverse social
issues. In this age of diversity, it is important to learn
about each other’s different values and ways of think-
ing through such direct communication, and as a
venue for this learning, these dialogue meetings are
very meaningful. [ believe that proactive action based
on a mutual understanding of different values is truly
taking ownership of work.

In the process of achieving our purpose, we will
primarily focus on local regions, but, at the same
time, we see the potential to expand our business not
only locally but also globally. Specifically, we are
expanding new businesses that have been successful
in Japan to overseas markets. For example, “Comic
C’moA,” a manga and e-book distribution service
provided by NTT Solmare, an NTT WEST Group
company, has 35 million monthly users. Recognizing
that Japanese manga culture has taken root overseas,
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we launched “Manga Plaza,” an e-book distribution
service for North America in March 2022 and are
strengthening our international business. I believe
that other businesses originating from Japan, such as
local food-waste recycling solutions that invigorate
local economy, robots for labor saving, and artificial-
intelligence solutions, have great potential.
Conversely, we want to actively collaborate with
overseas ventures in providing competitive services
in Japan.

In addition to technology, it is important to
anticipate the market

—So you are conducting business not only on a
regional basis but also with a view to global expan-
sion. As a chief technology officer, can you tell us
about the technology strategy and vision that is key to
achieving the purpose?

In the field of information and communication
technology (ICT), we are focused on multi-cloud,
network-integrated ICT infrastructure, and managed
services. Regarding problem solving, we are focused
on municipal digital transformation, education, and
healthcare. Regarding creating the future, we intend
to create services in areas of lifestyle, health, econo-
my, and the environment to build a future society of
well-being. In consideration of these areas, our tech-
nology strategy and vision has two axes: (i) trans-
forming ourselves into an innovative company for
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solving social problems and (ii) providing telecom-
munications services as a critical infrastructure that
supports the digital society.

Specifically, we will create new businesses that
have a positive impact on society through open inno-
vation and the early use of Innovative Optical and
Wireless Network (IOWN) technologies to create
and expand services in priority growth areas and
develop technologies for the stable operation, high
efficiency, and advancement of network infrastruc-
ture as a social infrastructure. For example, we are
considering a service that provides customers with
prompt and easy-to-understand information on ser-
vice quality and infrastructure status by visualizing
such pieces of information so that customers can use
telecommunications services with peace of mind and
we can respond more quickly when problems occur.
Toward the era of IOWN, we will also promote the
migration to the next network. Current network sys-
tems, which have been adapted to change over time,
are inherently complex and inefficient partly because
they have responded to each milestone of change step
by step. I therefore believe that next-generation net-
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work operation systems and architectures must be
investigated. With an eye on Web 3.0 and other digi-
tal technologies, we must also investigate a new net-
work architecture that uses IOWN-related technolo-
gies. We hope to introduce some of those technolo-
gies and architectures at Expo 2025 Osaka, Kansai,
Japan.

Incidentally, QUINTBRIDGE, the venue for this
interview, is an open innovation facility established
in March 2022 as a place to solve social problems and
create a future society together with partners such as
companies, including start-ups, local governments,
and universities. People of various nationalities, gen-
ders, and ages from all walks of life have visited the
facility where many discussions and events have
been held. NTT WEST’s open innovation takes place
right here. We will also actively use our relationships
with global partners to achieve open and network-
related innovation.

—The spacious open spaces and private rooms are
very modern in design and almost make you feel like
being in a café. And discussions are going on even at
the coffee stand, which stimulates creativity just by
looking at it.

In today’s complex, diverse, and changing environ-
ment, the ability to anticipate the market is important
in addition to technological capability. I believe the
key to how to anticipate the market is open innova-
tion. After all, social and technological trends cannot
be noticed by the activities of a single company. We
cannot anticipate the market without understanding
such trends in a timely manner through meetings,
conversations, and discussions with people from
various walks of life about the trends in society and
technology. I believe it is critical to make new discov-
eries through these endeavors.

QUINTBRIDGE has been used by a total of 92,000
people since it opened. It has hosted over 470 events
in one year and three months. I consider the open
innovation approach at QUINTBRIDGE to be an
innovation in itself. Normally, open-innovation
facilities operated by operating companies attract
people who want to work with those companies; in
contrast, at QUINTBRIDGE, which does not solely
focus on matching people with NTT WEST, each
member first brings their questions and challenges as
well as assets that can be provided to the venue,
which will lead to the opportunity of opening the door
for co-creation activities for solving social problems
with other members, including NTT WEST.
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Therefore, QUINTBRIDGE has brought together
more partners than anticipated and created many
lively activities as we see today.

I feel it difficult for many Japanese companies,
especially large ones, to push the envelope on their
own. Therefore, I want to create a process that allows
companies to push themselves beyond their limits.
By providing this process, I believe that NTT WEST
can become a next-generation social enterprise by
expanding and supporting each company. One mech-
anism to achieve this is QUINTBRIDGE. I can feel
the expectations its participants have toward us from
the daily activities at QUINTBRIDGE. Since the
establishment of QUINTBRIDGE more than one
year ago, we have established the foundation for open
innovation; however, we need to further clarify what
we need to do to create new business and fully use
QUINTBRIDGE as a training ground to maximize
our achievements. In addition, I feel that member
companies, including start-ups, are hoping to collab-
orate with the NTT Group as a whole. We therefore
intend to serve as a hub for collaboration between
member companies and NTT Group companies and
create business that has a positive impact on society
by leveraging the NTT Group’s combined capabili-
ties as well as take on challenges that can demonstrate
the strength of NTT WEST.
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Top management are the ones who change things
and decide matters, but we must not
be self-righteous

—Can you share with us some of the lessons you have
learned since joining NTT?

I joined NTT in 1992 and engaged in corporate
sales, two years after which I was transferred to the
Los Angeles office of NTT America. While working
to support the global expansion of our corporate cus-
tomers based in western Japan, I witnessed the rapid
commercialization of the Internet in the U.S. I sug-
gested to executives that “The Internet could be good
business.” and became involved in Internet connec-
tion services with the support of NTT’s research labo-
ratory there. Through this experience, | reaffirmed
that NTT is a company that takes suggestions posi-
tively and has a treasure trove of human resources
including its laboratories.

It was my experience at the APEC Osaka Conference
(1995)—where I was assigned to a project to promote
Internet-related businesses after returning to Japan—
which made me realize how important human rela-
tionships are. To support Internet connection for the
conference, manufacturers, broadcasters, advertising
agencies, and other companies and universities were
assembled. Together with these organizations, we
then launched “Cyber Kansai,” a joint industry-gov-
ernment-academia consortium that promotes the
development and demonstration of advanced Internet
technologies. Led by members of Cyber Kansai, new
companies, such as NTT SmartConnect, and new
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services, such as radiko—a service that enables users
to listen to the radio via smartphone, were estab-
lished.

I feel how rewarding these experiences are and how
they could contribute to society. | want to create a
new legacy at the Expo 2025. Perhaps the lesson
drawn from these experiences is that diversity is
important. It takes “awareness” to actively embrace
diversity because people can only see what they want
to see.

I also learned the importance of balancing between
new and existing businesses. In corporate activities,
we tend to be drawn to deepening/strengthening
existing businesses rather than exploring new busi-
nesses. Sometimes we cannot afford to create a new
business because we focus too much on operating an
existing business. However, random attempts to
search for a new business will not work. I value this
balance and rebalancing in decision-making on the
basis of market needs and knowledge.

—What do you do to improve the quality of your
decision-making?

To improve the quality of my decision-making, I
value interacting with people from various positions
inside and outside the company. Until recently, due to
the COVID-19 pandemic, it was not possible to inter-
act directly with people, and that situation made me
realize the value of such interaction.

I believe that if you are determined, you can
achieve anything. Through my past experiences, |
have come to realize that making a choice first is a
powerful tool for achieving something, no matter
how long it takes. I also believe that top management
are “the people who decide and make changes.” The
final decision is the responsibility of top manage-
ment, but it is not a self-righteous decision. I make
decisions by listening to understand different situa-
tions and positions, considering outlooks, and mak-
ing sure that I’'m guiding employees in the right direc-
tion. It is difficult for people to change, especially
stop, the direction in which they are moving in what
they believe to be the best way. That is why top man-
agement have the responsibility of making decisions.

It is also difficult for companies to initiate change
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on their own. That is where open innovation—which
I mentioned earlie—becomes important. Because
change can be created through co-creation with a
variety of people.

—Finally, what is your message to us all?

First, to all our researchers, NTT Group’s strength
is its ongoing commitment to research and develop-
ment, including basic research. [ want you to take on
the challenge of creating new technologies, but do so
with an assumption of how the technology might be
valuable. It is OK if the technology you developed
turns out to be used in areas that differ from your
original purpose. I urge you to create new value with
confidence.

Next, to our engineers and technicians, to transform
into an innovative company solving social problems
while protecting the telecommunications infrastruc-
ture, we must simultaneously work on both deepen-
ing/strengthening existing businesses and exploring
new businesses. We need both people who do new
things and people who maintain things; therefore, I
want us to foster a culture of mutual respect and
mutual help. I also want to create a community that
connects the group’s human resources horizontally
while using QUINTBRIDGE, so I urge you to join or
plan to create such communities.

Last but not least, to our customers and partners, we
would like to create and share various business ideas
with you by hosting events at QUINTBRIDGE and
the upcoming 2025 Expo as platforms. Let us create
new ideas and services to build a better society.

Interviewee profile
B Career highlights

Akira Shirahase joined NTT in 1992. He became
a member of the board, NTT SmartConnect, in
2014, president and representative member of the
board, NTT SmartConnect, in 2016, and member
of the board and executive manager of the
Business Design Department, NTT WEST, in
2020. He has been in his current position since
June 2021.



Aiming to Become a Visible
Researcher by Taking Up Challenges
without Fear of Failure

Yoshitaka Taniyasu

Senior Distinguished Researcher,
NTT Basic Research Laboratories

Abstract

Green innovation involves creating new solutions to environ-
mental problems and sustainable development, and research and
development of innovative technologies in the fields of the envi-
ronment, resources, and energy is being conducted worldwide to
create a low-carbon and circular society. We interviewed Yoshi-
taka Taniyasu, a senior distinguished researcher at NTT Basic
Research Laboratories, who has produced world-class research
results concerning functional materials for green innovation,
about his achievements and attitude as a researcher.

Keywords: materials research, green innovation, aluminum nitride

Pursuing functional materials for green
innovation and solving social problems

—Could you tell us about the research you are cur-
rently conducting?

I’'m currently researching functional materials for
green innovation. When I was appointed as a senior
distinguished researcher, I chose green innovation as
a research theme that I would pursue for the long
term.

As you know, reducing carbon dioxide is a global
challenge. Addressing growing demands for efficient
use of energy, effective utilization of limited resourc-
es, and creation of a sustainable society, researchers
like me are taking up the challenge through approach-
es such as developing methods to generate energy
and use energy efficiently. As a researcher specializ-
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ing in materials research, I’'m researching and devel-
oping technologies for synthesizing and controlling
the properties of next-generation materials to fabri-
cate new functional devices that contribute to the
creation of a sustainable society. My specific objec-
tives are to (i) elucidate the physical properties of
materials, (ii) make devices more efficient with lower
loss on the basis of scientific principles, and (iii)
demonstrate the principles of device operation by
establishing technologies for synthesizing new mate-
rials and fabricating devices using those materials.
The discovery and synthesis of new materials and
innovations in device technology can significantly
change society, and this potential is what makes
materials research so interesting. In 2002, my col-
leagues and I were the first in the world to demon-
strate the use of aluminum nitride (AIN), which had
been used as an insulator since its synthesis more than
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a century ago, as a semiconductor. That breakthrough
opened up the possibility of applying AIN to semi-
conductor devices. In this interview, I will talk about
our impactful research results concerning AIN that
will contribute to green innovation.

—Research results that will contribute to solving
social problems and have an impact on the world
sound very exciting.

In 2006, for the first time in the world, we suc-
ceeded in operating a light-emitting diode (LED)
based on AIN, which is theoretically predicted to emit
light with the shortest wavelength among all semi-
conductors. We observed light in the deep ultraviolet
(UV) region (210-nm wavelength) from the AIN
LED. AIN is a direct-bandgap semiconductor and has
the same crystal structure as gallium nitride (GaN),
which is widely used in blue LEDs and semiconduc-
tor lasers for high-density digital versatile discs. AIN
has the largest bandgap energy (i.e., the energy
required for an immobile electron to become a free
electron) among semiconductors, i.e., 6 eV. Accord-
ingly, it is theoretically predicted that if AIN LEDs
could be fabricated, they would emit light at a wave-
length of 210 nm, which is the shortest among all
semiconductors.

In the UV spectrum, light with wavelength in the
range of 300 to 400 nm is called “near UV,” and light
with wavelength in the range of 200 to 300 nm is
called “deep UV.” In addition, UV light with a wave-
length of 200 nm or less, known as “vacuum UV,” is
absorbed by the atmosphere and can only be used in
a special environment such as a vacuum.

Widely used deep-UV light sources are gas-light
sources such as mercury lamps and gas lasers. How-
ever, mercury lamps use hazardous substances, and
gas lasers have practical problems such as the need to
supply the gas regularly, large size, and low efficien-
cy. If these gas-light sources could be converted into
semiconductor devices, they would be not only harm-
less from an environmental standpoint but also highly
reliable, compact, highly efficient, long lasting, and
portable, thus creating new industries as well as
replacing existing gas-light sources.

AIN LEDs have not been fabricated because n-type
and p-type doping™!, which are essential for fabricat-
ing semiconductor devices, have not been possible
with AIN. Under these circumstances, we found that
we could not dope AIN because of problems with
crystal growth such as crystal defects and the con-
tamination of many impurities, which lowered the
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purity of AIN.

To produce high-purity AIN, we developed a tech-
nique for suppressing unfavorable secondary reac-
tions between Al and nitrogen gas sources by increas-
ing the velocity of supplying them and improved the
AIN fabrication system so that it can withstand crys-
tal growth at a high temperature of 1200°C. There-
fore, we can reduce crystal defects and the impurity
density in AIN to less than one-tenth the conventional
level, successfully establishing crystal-growth tech-
nology and attaining the world’s highest quality. This
technology enabled us to fabricate AIN LEDs, which
were theoretically predicted to emit light at the short-
est possible wavelength, thereby opening up the
potential of semiconductor light-emitting devices for
deep-UV light applications.

Staying at the forefront of materials research

—Could you tell us about your achievement in 2022,
which has been widely reported in the mass media?

In 2022, to further reduce power losses of power
devices, which are an essential component for using
clean energy, we demonstrated—the world’s first—
operation of a transistor using AIN (Fig. 1). Silicon
(Si) is the main material used in semiconductor
power devices, which are widely used in home elec-
tronics, personal computers, smartphones, server
equipment, and electric vehicles. Using a wide-band-
gap semiconductor with a high breakdown voltage™?
makes it possible to reduce the loss and increase the
breakdown voltage of power devices. Accordingly,
power devices using wide-bandgap semiconductors,
such as silicon carbide (SiC) and gallium nitride
(GaN), are being developed.

The use of ultrawide-bandgap semiconductors,
which have higher breakdown voltages than wide-
bandgap semiconductors, is expected to further
improve the performance of power devices. Ultra-
wide-bandgap semiconductors include AIN, dia-
mond, and gallium oxide (GaxO3). If power devices
using AIN, which has the highest breakdown voltage
of any semiconductor, could be fabricated, it is theo-
retically expected that power loss could be reduced to
less than 5% that of Si-based devices, 35% of SiC-
based devices, and 50% of GaN-based devices.

*1 Doping: Addition of impurities to high-purity semiconductor
crystals to enable free movement of electrons and holes in the
semiconductor.

*2 Breakdown voltage: The voltage at which current begins to flow
when insulation is lost.
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Fig. 1. Schematic diagram and micrograph of an AIN transistor.
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Fig. 2. High-temperature (500°C) operation of AIN transistors.

Among ultrawide-bandgap semiconductors, AIN is
advantageous in that (i) devices can be fabricated on
large wafers, which are necessary for industrial appli-
cations, and (ii) various device structures can be fab-
ricated by forming a heterojunction between AIN and
GaN. However, AIN power devices have rarely been
reported, and the characteristics of the devices that
have been developed have not been outstanding.

By combining technologies that we have accumu-
lated over the past 20 years, we developed a metal-
organic chemical-vapor-deposition (MOCVD) sys-
tem for fabricating high-quality AIN and succeeded
for the first time in the operation of AIN transistors
with good characteristics.

The current-voltage characteristics of our AIN tran-
sistor showed a linear increase in current due to its
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good ohmic characteristics and an extremely small
leakage current”. Its breakdown voltage, which is an
important factor in the performance of power devic-
es, was as large as 1.7 kV.

We also confirmed that our AIN transistor, unlike
conventional semiconductor materials, can operate
stably at high temperatures. Specifically, its perfor-
mance improved at high temperature; namely, the
drain current increased about 100 times at 500°C than
at room temperature. Even at 500°C, the leakage cur-
rent was kept extremely small at 10 A/mm. As a
result, the on/off ratio of our AIN transistor was very
high, over 10°, even at 500°C (Fig. 2).

*3 Leakage current: An electric current that flows from insulating
regions or on paths on which it should not flow in the electronic
circuit.
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—You are highly regarded both in Japan and abroad
for your advanced research and technological capa-
bilities.

Thankfully, our research results have been globally
recognized. In 2011, at the age of 37, I received the
Young Scientists’ Prize, the Commendation for Sci-
ence and Technology by the Minister of Education,
Culture, Sports, Science and Technology. The prize is
awarded to young researchers under the age of 40
who have achieved outstanding results from their
research—such as exploratory research and research
from an original viewpoint—that demonstrates a high
level of research and development capability. In the
same year, | also received the Young Scientist Award
at the International Symposium on Compound Semi-
conductors (ISCS), the top international conference
on compound semiconductors, which is a gateway to
success as a researcher in this field. It is an award for
achievements in the field of compound semiconduc-
tors by scientists under the age of 40. In 2012, |
received the Best Paper Award at the International
Workshop on Nitride Semiconductors (IWN), an
international conference with more than 1000 partici-
pants, and in 2019, I received the Japan Society for
the Promotion of Science (JSPS) Prize for pioneering
research on wide-bandgap semiconductor UV LEDs.

Quantity creates quality

—Would you tell us what you value as a researcher?

[ try not to take for granted what is considered com-
mon sense or established theory or what is written in
textbooks. I say that because things written in the
textbooks are the solutions found by the means avail-
able at the time of writing. Therefore, I explore other
possibilities while referring to textbooks and work
with both my head and hands, that is, I think and
experiment a lot.

I ponder a problem over and over to find a solution.
Sometimes [’'m driven by my intuition in a way that
I’m not even aware of, and say to myself, “This might
work.” At such times, by intently conducting experi-
ments with a “Let’s try it!” attitude, you can some-
times get good results. I respect the Nobel Prize lau-
reate Dr. Hiroshi Amano, who invented the world’s
first technology for creating high-quality GaN crys-
tals necessary for blue LEDs. He overturned the
established theory in the field that “blue LEDs cannot
be made from GaN.” He believed in the potential of a
material that no one else would pay attention to
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according to conventional theory and continued to
conduct more than 1500 experiments with GaN. This
perseverance led to great success. I think it must have
been quite stressful for him until he got successful
results. However, research activities are an act of
attempting to solve problems that no one has yet
answered, so it is not surprising that they often don’t
succeed quickly.

Nowadays, everyone talks about efficiency in
regard to everything; however, materials research
involves low-key efforts, and some things can only be
revealed by doing a lot of work. Although it is said
that “quality” is important in research, I believe that
only when you pursue research through quantitative-
ly large amount of effort, your sense is refined, and
you can accumulate experience and knowledge, you
will be able to understand what determines the qual-
ity of the research.

In that sense, it is very important for researchers to
work in an environment in which their long-term
commitment is appreciated. NTT Basic Research
Laboratories provides such an environment, for
which I am grateful.

—What are the responsibilities and joys of a
researcher?

It is a joy for a researcher to be able to stand at the
forefront and take on the challenges that people say
“cannot be done,” it is “just a dream,” “difficult,”
“unintelligible” or “impossible.” It is the responsibil-
ity of researchers to propose and explore new possi-
bilities through such challenges.

Having curiosity and peers is crucial for conducting
such research activities. When I was younger, I
wanted to handle the entire research process by
myself. However, I have learned through experience
that by cooperating with many people, we can accom-
plish great things. In basic research, it is highly likely
that new things will be created through multiple
approaches of various experts using their techniques
and ideas. The ideas of young people can be espe-
cially invigorating.

I want to be an “eternally young researcher” who
continues to take up challenges without fear of fail-
ure; at the same time, I want to be a “visible research-
er.” That is, I want to be a researcher who learns from
the achievements of my predecessors and, while
passing those achievements on, builds up my own
originality and strengths as a researcher so that peo-
ple will recognize me as “Yoshitaka Taniyasu is the
one for this research.”
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To all young researchers, let’s pursue our research
activities with conviction and determination while
keeping with interest and curiosity as our driving
force.
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H Interviewee profile

Yoshitaka Taniyasu received a B.E., M.S., and
Dr. Eng. in electrical engineering from Chiba
University in 1996, 1998, and 2001. He joined
NTT Basic Research Laboratories in 2001, where
he has been engaged in wide-bandgap semicon-
ductor research. He received the Young Scientist
Award at the 2007 Semiconducting and Insulating
Materials Conference, the Young Scientist Award
of the ISCS 2011, the Commendation for Science
and Technology by the Minister of Education,
Culture, Sports, Science and Technology of Japan
(the Young Scientists’ Prize) in 2011, and the
JSPS Prize in 2019.
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Applying Optical Oscillator Networks
to Diverse Problems as the First Step
to Information Processing Systems of

the Future

Takahiro Inagaki
Distinguished Researcher,

NTT Basic Research Laboratories

Abstract

In the field of computer science requiring advanced information
processing, an algorithm called simulated annealing is widely
used to derive optimal solutions from a combination of numerous
options in a network. However, in an era in which increasingly
complex networks are coming to be constructed, any approach
based on conventional methods is reaching its limits. To break
down this wall, information processing techniques that can be
applied to a variety of physical systems are being proposed. In this

interview, we talked with NTT Distinguished Researcher Taka-
hiro Inagaki about his research on new computing systems using optical technologies.

Keywords: coherent Ising machine, optical oscillator, spiking neural network

A combinatorial optimization problem searches for
a solution applicable to the current objective from a
combination of multiple options. For example,
“Should I turn left or right?” is a simple problem hav-
ing only two options. However, the number of com-
binations increases exponentially as the number of
options increases, resulting in a massively large num-
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ber of combinations. As a result, deriving the best
answer from among all combinations is extremely
difficult even with today’s digital computers. To
solve such a difficult problem, algorithms such as
simulated annealing that derive approximate solu-
tions at high speed using heuristic techniques have
come to be used. Simulated annealing is a very pow-
erful algorithm, but as the network structure of
options in a combinatorial optimization problem
becomes increasingly large and complex, the com-
puting time and energy consumption needed for
obtaining approximate solutions with good results
have become issues of concern.

In recent years, the Ising model has been attracting
attention as a technique for solving such combinatorial
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Combinatorial optimization and Ising model

Combinatorial optimization Ising model
(graph problem) (physical model)
Convert
problem
[Vertex] [Vertex]
Option (A or B) (S’Tp':r ‘i')' ection
[Edge weight] [Edge weight]

Time, distance,
etc.

Ferromagnetic or
antiferromagnetic
coupling

Obtimal

Optimize vertex states
Maximize (minimize)
objective function

combination

Optimize spin directions

Minimize energy of spin system

Fig. 1. Overview of combinatorial optimization problem and Ising model.

Physical implementation of Ising model

Ising model CIM
(physical model) Perform (optical oscillator network)
high-speed
Vertex] calculations Vertex]
Spin direction Optical oscillator
(Tord) physical phase (0 or x)
[Edge weight] system [Edge weight]

Ferromagnetism,

antiferromagnetism

coupling
Optimize spin directions

Minimize energy of spin system

Optical coupling
between optical
oscillators
Optimize optical phases

of optical oscillators

~

Minimize overall network loss

Fig. 2. Overview of CIM using the Ising model.

optimization problems at high speed with high accu-
racy. The Ising model is a network model featuring
two types of states (spins), one in the upward direc-
tion and the other in the downward direction, similar
to the S-pole and N-pole of a magnet. This model
makes it possible to solve a combinatorial optimiza-
tion problem by replacing two options in the problem
with upward spin and downward spin and determin-
ing the optimal relationship among options through
spin interaction (Fig. 1). Techniques for solving com-
binatorial optimization problems on a physical sys-
tem based on this Ising model have been proposed
such as a quantum annealing machine based on a
network of superconducting qubits.
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We have developed an information processing sys-
tem based on a new mechanism called a coherent
Ising machine (CIM) by representing the Ising model
using a network of optical oscillators. This computer
divides output light into two states—0 phase and ©
phase—by using a special optical oscillator called a
degenerate optical parametric oscillator (DOPO).
Replacing these two states with spin directions
achieves the Ising model using optical oscillators
(Fig. 2).

This is a computer based on a new principle differ-
ent from the simulated annealing or quantum anneal-
ing. A key feature of the CIM is that a network of
same-phase or opposite-phase optical coupling can
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CIM implementation

Phase sensitive
amplifier

Phase sensitive amplifier

Measurement
feedback system

Optical fiber ring 5 km in length

Achieves any network structure

Fig. 3. System implementing a CIM.

be set up among all optical oscillators. Light has the
property by which “energy is increased when same-
phase light couples and decreased when opposite-
phase light couples.” The CIM naturally selects the
0-phase and m-phase states of all optical oscillators so
that the energy loss arising from optical coupling in
the entire network is small, which means, in terms of
the Ising model, that spin directions change into
states in which overall energy is low. By replacing
this with combinatorial optimization problems, we
can derive combinations of options producing excel-
lent results.

There has already been much research on solving
combinatorial optimization problems using physical
systems and many proposals have been made, but a
major issue here is how to prepare many uniform
physical elements and implement a complex network
among those elements. For example, in quantum
annealing technology, a network is created by wiring
together an arrangement of superconducting qubits,
but variation in the quality of each element and spa-
tial constraints in wiring have been problems in
implementing a complex network structure. NTT’s
CIM, on the other hand, solves those problems in
generating a network of many uniform optical oscil-
lators by using time-domain multiplexing in a single
optical circuit. In this way, running time-shifted opti-
cal pulses in a ring of optical fiber much like running
trains on the Yamanote loop line in Tokyo makes it
possible to create multiple optical oscillators and
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implement many uniform optical oscillators. Multi-
plexing in the time domain also makes individual
measurements unnecessary since a single detector
can be used to measure different optical oscillators in
each time slot. A complex network can therefore be
created based on the measurement results of a detec-
tor and feedback system. Using this technology, we
have implemented a large-scale system having a
maximum of 100,000 optical oscillators within an
optical fiber ring having a total length of 5 km
(Fig. 3). At present, we are searching for solutions of
combinatorial optimization problems using this tech-
nology, which we expect will find use in a variety of
fields such as drug discovery and radio frequency
allocation.

Now, using the large-scale optical oscillator net-
work that we have achieved in our CIM research as a
foundation to work from, [ am actively engaged in the
research of spiking neural networks (SNNs) based on
artificial optical neurons. From the beginning, I have
been deeply interested in biological academic fields
seeking to answer the question “What is the mecha-
nism of the human brain?” Consequently, in many
discussions with my fellow researchers, I and my
collaborators wondered whether the spiking of nerve
cells in the brain (firing phenomenon) could be simu-
lated by applying DOPO characteristics using our
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CIM. Inspired by this idea, I began my research.

One advantage of using DOPOs in this research is
that the firing mode of artificial optical neurons can
be freely selected by changing the pump intensity of
the optical oscillators. In addition to the two types of
nerve-cell firing modes called Class-1 and Class-II
that I am focused on in my present research, a variety
of firing modes exist in the nerve cells of living
organisms, and I believe that those modes could inter-
act to perform advanced information processing. If
we can use DOPOs to reproduce the firing modes of
complex nerve cells in the brain and construct a net-
work of diverse artificial optical neurons, we should
expect to have a major advantage in understanding
the mechanism of information processing in the
brain.

We have so far conducted network experiments
using a maximum of 256 artificial optical neurons. In
these experiments, we began by observing basic
artificial-neuron firing dynamics and then moved on
to observing spontaneous synchronized phenomena
in the network and synchronous/asynchronous coex-
isting states called chimera states, for example.

As the next step in our research, we are expanding
the scale of our optical SNN by constructing experi-
mental equipment for 10,000 artificial optical neu-
rons. To conduct tests with general machine-learning
applications in mind, using 256 artificial optical
neurons is still insufficient, so we are aiming for a
10,000-neuron network as our next target. In recent
years, there has been much research on applying
image recognition based on artificial NNs and infor-
mation processing such as time-series prediction to
SNN models, so I would like to implement applica-
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tions like these in physical systems using our network
of artificial optical neurons.

To completely imitate the human brain, I believe
that the ultimate target is to achieve a large-scale neu-
ral network of from 10 billion to 100 billion neurons.
But first of all, I would like to clarify the role that
diversity in the neuron-firing model in our research
plays in neural information processing. From here on,
to achieve information processing that is even closer
to the human brain, I will take up the challenge of
incorporating knowledge of various firing modes
including Class-I and Class-II modes in an optical
SNN to clarify the information processing model of
our brains.

I think the image that “a corporate research labora-
tory conducts research and development along desig-
nated themes” is widely fixed in people’s minds.
However, NTT Basic Research Laboratories that I
belong to, despite being a corporate research labora-
tory, enables researchers to choose research themes
with a very high degree of autonomy. At our labora-
tories, we are conducting a wide range of research
such as quantum information technology, on-chip
optical circuits, and sensing-ware using bioelec-
trodes. I feel that this support for research diversity
reflects, in the end, the autonomy given to researchers
in their selection of research themes. Although each
research group has a direction to some extent, I
believe that NTT Basic Research Laboratories is a
place where a researcher who can clearly explain his
or her reasons for wanting to pursue a new research
theme will receive full backing in launching that
research. Research can provide much satisfaction
once you have achieved your goal, but most of the
work along the way can be hard and painful. This is
why I think that the answer to the question “Are the
research goals in line with the researcher’s own moti-
vation?” can greatly affect the quality of the final
research results. In this regard, I consider that NTT
Basic Research Laboratories, which undertakes basic
research while respecting autonomy in research
themes, has a rare approach to research in relation to
other corporate research laboratories.

I also feel that the presence of many theorists in our
laboratories is a great advantage. While many
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experiments are needed to connect technology from
basic research to development, it is not unusual in our
research for a single idea from a distinguished theo-
rist to bring about a dramatic breakthrough and solve
difficult problems in our experiments. In my group,
persons working on theory sit with those conducting
experiments in the same office, which enables us to
discuss the data that we have obtained and exchange
feedback on that very day thereby speeding up our
experiments. Here, a theorist can predict more appro-
priate parameters from experimental results and an
experimenter can reflect that prediction in the next
experiment. This type of feedback loop is very
encouraging. I think of it as a lighthouse whose bea-
con illuminates the path that we should be taking, and
I feel that it is simply the greatest strength of NTT
Basic Research Laboratories.

For me, the real pleasure of research is the moment
that I become the first to set foot in an area that no one
knows about. When moving forward with my
research, I feel as if a line is drawn out in front of me,
and I love the fear and elation that I feel when ventur-
ing into pitch-black territory unexplored by mankind
on the other end of that line. Ninety percent of the
time, there is a cliff ahead that I fall off of, but on the
other hand, there have been any number of times that
I have entered into new ground. The key to success
here is to be resolute in researching what you yourself
think is interesting even if you should fail. This kind
of trial-and-error environment is sufficiently rooted
at NTT laboratories, and I feel very fortunate to be
able to conduct my research in such an environment
every day. Making preparations thinking that it’s OK
to fail and taking a step forward if it’s pitch black
ahead, or in other words, repeating a cycle of falling
and getting up again is something that I would like to
continue as a researcher while I’'m still alive.

Additionally, there have been many cases in recent
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years of new research themes rising up at the bound-
aries of different research fields. For example,
research of optical SNNs that [ am now working on
spans a broad range of research fields such as optics,
brain science, and computer science, so I feel that it’s
research that cannot be handled by only one person.
Under these conditions, I feel that being able to say
“Could you help me?” to someone with the expertise
that you need is absolutely essential to breaking
through barriers. At present, I receive the cooperation
of many individuals not only inside the company but
outside the company too. The diversity of specialized
fields in a researcher’s network can be a great source
of strength, so going forward, [ would like to continue
to be engaged in research that even researchers in
other research fields find interesting. [ would be glad
to hear from anyone reading this article having inter-
est in our research, and I look forward to taking on the
challenges of new research fields together.

H Interviewee profile
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Abstract

Toward the 6th-generation mobile communication system, extreme coverage extension is expected to
provide wireless communication services in the sky, at sea, and in space, which are regions not serviced
by mobile communication systems. To achieve extreme coverage extension to the sea, NTT Network
Innovation Laboratories is investigating higher-speed, longer-distance, and more stable underwater
acoustic communications. In this article, we introduce our underwater acoustic communication technol-
ogy and the feasibility demonstration of the world’s first fully wireless remotely operated vehicle apply-

ing this technology.
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1. Demand for underwater wireless
communications to achieve extreme
coverage extension

Research and development (R&D) of the 6th-gen-
eration mobile communication system (6G) is in
progress toward its implementation in the 2030s. 6G
is expected to provide communication services for
everywhere including the sky, at sea, and in space,
which are regions not serviced by mobile communi-
cation systems, as well as enhance terrestrial wireless
communication systems [1]. We call this concept of
expanding communication coverage extreme cover-
age extension. The undersea region has been a region
where wireless communications have not been wide-
ly used, although the utilization of wireless commu-
nications has been desired for enhancing operational
efficiency in industrial sectors such as subseca
resource development and port construction.

Radio waves are widely used in terrestrial wireless
communication systems, however, they cannot be
used similarly underwater because of high attenua-

NTT Technical Review  Vol. 21 No. 8 Aug. 2023

tion. Low-frequency electromagnetic communica-
tions have been put to practical use, but their trans-
mission distance and speed are extremely limited.
Therefore, using sound waves or visible light is effec-
tive for underwater wireless communications. Acous-
tic communications that use sound waves can use a
higher frequency range and achieve longer transmis-
sion distance compared with electromagnetic com-
munications. However, the frequency range is still
much narrower than that of terrestrial wireless com-
munication systems. The data rate of practical acous-
tic communications is less than 100 kbit/s, which can
be used only for transferring sensor data. Optical
communications that use visible light can use a wider
frequency range than acoustic communications, so
they are suitable for high-speed communication.
However, the transmission distance for high-speed
communication is limited because the turbidity of
seawater attenuates visible light.

Because it is difficult to use flexible wireless com-
munications underwater, unmanned exploration
vehicles for resource exploration and underwater
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equipment for port construction are often connected
to support vessels by wired cables for remote control.
However, there are problems with equipment costs
and personnel for handling the cable as well as with
cables being swept away by the ocean currents. Small
underwater drones, i.e., general-purpose remotely
operated vehicles (ROVs), have appeared on the mar-
ket, and many trials are being conducted to replace
the tasks previously performed by divers, such as
inspection of port facilities and fishing equipment,
with ROVs. In such attempts, cable handling inter-
feres with operations.

In summary, the market for underwater equipment,
such as ROVs, is expanding, but wired communica-
tions at sea interfere with the flexible operation of
underwater equipment. Therefore, there is a strong
demand for Mbit/s-class wireless communication
technology that can transfer detailed video in real
time without cables. NTT Network Innovation Labo-
ratories is conducting R&D on higher-speed, longer-
distance, and more stable underwater acoustic com-
munications toward achieving extreme coverage
extension undersea [2].

2. Underwater acoustic
communication technology

In underwater acoustic communications, it is diffi-
cult to achieve high-speed and stable communica-
tions due to the unique underwater environment and
the characteristics of sound waves. A factor hindering
high-speed transmission is delayed waves, which are
caused by sound waves reflecting off the sea surface,
seabed, or quays. A sound wave transmitted underwa-
ter arrives at the receiver not only as a direct wave but
also as delayed waves through various paths, and the
combination of these waves at the receiver results in
distorted waves. To demodulate such received signals
to achieve successful communication, the received
signal should be compensated by inverse characteris-
tics derived from estimated wave distortion. In under-
water acoustic communications, the propagation
speed of sound waves is around 1500 m/s, which is
200,000 times slower than that of terrestrial radio, so
it causes larger and different propagation delays for
each path. Each path is also affected by different
Doppler shifts*! due to fluctuations in the sea surface
and vessels equipped with communication devices,
resulting in drastic and complex fluctuations in the
propagation path. Therefore, the distortion-compen-
sation techniques used in terrestrial wireless commu-
nication systems cannot overcome this propagation-
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path variation.

Environmental noise, such as noise from marine
life, is one of the factors that impairs the stability of
acoustic communications. Snapping shrimp, which
live in shallow waters around the world, are sources
of environmental noise because they make snapping
sounds with their claws when intimidating prey. This
snapping is very loud, disrupting the stability of
underwater acoustic communications.

In response to these problems, NTT Network Inno-
vation Laboratories proposed the spatio-temporal
equalization technique to achieve higher-speed com-
munications and environmental-noise-resistance-
improvement technique to achieve stable communi-
cations [3—6]. The use of the two techniques in
underwater acoustic communication technology is
shown in Fig. 1. The spatio-temporal equalization
technique suppresses the effect of delayed waves
caused by sea-surface reflections and extracts only
the direct wave. This technique enhances the duration
the propagation path is stable by removing the effect
of delayed waves and improves compensation perfor-
mance, thus contributing to increasing the data rate.
Delayed waves are suppressed spatially and tempo-
rally by processing signals received at multiple
antennas, i.e., forming the null of receiving directiv-
ity for the arrival directions of delayed waves. The
environmental-noise-resistance-improvement tech-
nique controls the equalizer and error correction
based on the assumption that loud environmental
noise, such as snapping, temporarily contaminates
the received signal. By suppressing the effect of envi-
ronmental noise, this technique contributes to achiev-
ing stable transmission even in noisy environments.

We confirmed the effectiveness of each technique
in achieving Mbit/s-class underwater acoustic com-
munications through on-site experiments at sea. By
the combined use of the spatio-temporal equalization
technique and multi-input multi-output (MIMO)*?
transmission technique, high-speed transmission of
5 Mbit/s at a transmission distance of 18 m was
achieved [4]. By integrating the environmental-
noise-resistance-improvement technique and multi-
carrier bandwidth-division transmission technique™,
we also confirmed the achievability of a data rate of

*1 Doppler shift: A phenomenon in which a frequency different
from the actual frequency is observed when there is a relative
speed difference between the observer and source of the wave
(e.g., sound or light).

*2 MIMO: A technique that uses multiple elements for both trans-
mission and reception to expand the capacity of wireless commu-
nications and improve the spectral efficiency.
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more than 1 Mbit/s at a distance of 300 m [3]. With
Mbit/s-class data-rate communication performance,
the acoustic communication technology can handle
streaming traffic of standard definition quality (i.e.,
640 x 480 px) video. Compared with conventional
underwater acoustic communication technologies,
our Mbit/s-class underwater acoustic communication
technology can expand use cases including the trans-
fer of detailed underwater video.

3. Wireless ROV

We consider a use case of Mbit/s-class high-speed
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(for acoustic comm.)

Battery

(for acoustic comm.)

Wireless ROV.

acoustic communication technology involving a
wireless ROV. NTT Network Innovation Laborato-
ries developed the world’s first wireless ROV by
using our underwater acoustic communication tech-
nology [3, 7]. Figure 2 shows the developed wireless
ROV. The acoustic communication unit where the
acoustic communication device and amplifiers are
enclosed is located at the bottom of the ROV. At the

*3  Multi-carrier bandwidth-division transmission technique: A tech-
nique for transmitting a signal over a wide band by using multi-
ple transducers with different resonant frequencies. It enables
highly efficient transmission by parallel transmission (i.e., multi-
carrier transmission) for each transducer.
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top of the ROV, there are four transducers and four
hydrophones that are used for transmitting and
receiving acoustic signals, respectively. Batteries for
the acoustic communication unit and buoyancy mate-
rials are attached on the sides of the ROV. The ROV
can be wirelessly controlled and video can be wire-
lessly transferred for more than 2 hours.

4. Field demonstration of wireless ROV

To confirm the feasibility of the wireless ROV in a
practical port environment, we conducted a demon-
stration experiment at Shimizu Port, Shizuoka City,
Shizuoka Prefecture [7]. Figures 3 and 4 show the
system configuration, and photos of the demonstra-
tion site, respectively. A control center with equip-
ment for wirelessly controlling the ROV was located
on a ship moored at sea. Steel pipes were installed
around the ship as the equipment-inspection target for
the wireless ROV. We verified that the operator in the
control center can control the wireless ROV by
watching the transferred video, taking advantage of
the wireless functionality of the ROV.

Bi-directional acoustic communications enable the
remote control of the wireless ROV. The parameters
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Fig. 3. Configuration of wireless ROV field demonstration.

for acoustic communications are summarized in
Table 1. The data rates in the media access control
(MAC) layer are 164 kbit/s and 13.2 kbit/s for uplink
and downlink communications, respectively. In the
uplink communications from the wireless ROV to the
control center, video data and the wireless ROV’s
attitudes were transferred. At the control personal
computer (PC) in the control center, a video of 640 x
420 px, 10 fps was displayed, a clip of which is
shown in Fig. 5. Figure 6 shows example results of
the demodulation and estimated signal-to-noise ratio
(SNR) of uplink communications measured during
the demonstration. Except for the duration of sound
waves blocked by air bubbles emitted by the diver
pulling up the wireless ROV, all frames were demod-
ulated successfully, and stable uplink communica-
tions were achieved. In the downlink communica-
tions from the control center to the wireless ROV,
control commands were transferred. The operator
manipulated the controller by referring to the video,
and commands were successfully transferred to the
wireless ROV via downlink communications. In
addition to basic operations, such as observing each
target steel pipe while watching transferred video, we
conducted operations that are difficult for conventional
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Table 1. Bi-directional communication parameters in wireless ROV demonstration.

Uplink

(ROV — control center)

Downlink
(control center —» ROV)

Number of transducers 4

(Changing active number depending
on transmission distance)

(in MAC layer)

Number of hydrophones | 8 4

Center frequency 110 kHz 12.5 kHz

Bandwidth 120 kHz 10 kHz

Modulation Single carrier, QPSK Single carrier, QPSK

Coding DVB-S2-compliant DVB-S2-compliant
concatenated code concatenated code

Acoustic frame length 153 ms 1831 ms

Throughput performance | 164 kbit/s 13.2 kbit/s

QPSK: quadrature phase shift keying

DVB-S2: Digital Video Broadcasting - Satellite - Second Generation

wired ROVs, such as moving the ROV while dodging
steel pipes and passing under the ship. The demon-
stration confirmed the flexibility of the wireless
ROV.

Note that there may be restrictions on the size and
weight of the wireless ROV equipment for underwa-
ter acoustic communications because the application
of the target (i.e., the ROV) used in the demonstration
was small. Also, the required data rate for transferring
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video is around 150 kbit/s; therefore, the equipment
of the wireless ROV has limited performance, and the
wireless ROV was operated with parameters that pri-
oritize higher stability than a higher data rate.

5. Conclusion

This article described the R&D activities on underwa-
ter acoustic communications, including the feasibility
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site.

demonstration of a wireless ROV. Toward achieving
extreme coverage extension that enables underwater
wireless communication services for various use
cases, we will continue R&D of our underwater
acoustic communication technology to achieve high-
er-speed, longer-distance, and more stable communi-
cations. We will also attempt to implement our under-
water acoustic communication technology with NTT
Group and partner companies.
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Abstract

NTT is currently investigating the Space Integrated Computing Network, which is a novel infrastruc-
ture that will integrate multiple orbits consisting of the ground to high-altitude platform stations, low
Earth orbit satellites, and geostationary orbit satellites. This article introduces the concept of this network
and the current research and development status at NTT Access Network Service Systems Laboratories,

especially on non-terrestrial network technologies.
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1. Introduction

NTT has announced the concept of the Space Inte-
grated Computing Network as an element of the
Innovative Optical and Wireless Network (IOWN)
[1]. This concept assumes the use of geostationary
orbit (GEO) satellites, low Earth orbit (LEO) satel-
lites, and high-altitude platform stations (HAPSs) for
achieving space sensing, space datacenter, and the
space radio access network (Space RAN).

Space sensing is an internet-of-things (IoT) sensor-
data collection and processing platform that will use
LEO satellites to collect many low power wide area
(LPWA) sensor signals on Earth, including oceans
and rural areas. The collected sensor data will be sent
to base stations on Earth and demodulated. Space
datacenter will be part of the computing platform and
data storage on GEO satellites to cleanse satellite
observation data, e.g., photos and leader data. Space
RAN is a non-terrestrial network (NTN) consisting of
GEO/LEO satellites and HAPSs. This network will
enable extreme cellular coverage extension in the
Beyond fifth-generation mobile communication net-
work (5G)/6G era [2]. Therefore, actualizing Space
RAN is key to implementing the IOWN Space Inte-
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grated Computing Network.

Figure 1 shows the concept of Space RAN. It is
currently common to use GEO satellite communica-
tions where terrestrial mobile cellular services are not
provided. The networks for satellite communications
are independent of that for terrestrial mobile cellular
services. Toward Beyond 5G/6G, an NTN will con-
sist of multi-layer networks comprising GEO satel-
lites, LEO satellites, and HAPSs (multi-layer NTN).
These satellites and HAPSs will be connected to each
other by inter-satellite links. Since Space RAN will
build a mutually complementary network with satel-
lites and HAPSs, availability will increase compared
with stand-alone networks (only GEO/LEO/HAPS
networks) and a wide coverage area will be estab-
lished. Therefore, Space RAN is expected to enable
multiple use cases such as Internet connection ser-
vices in airborne/vessels, wide area IoT services, and
disaster relief.

2. Multi-layer NTN

2.1 Concept
Since the communication protocol for satellite com-
munications is independent of that for cellular-phone
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Fig. 1. Space RAN for Beyond 5G/6G mobile communication services.

services, the network for satellite communication
services is also independent of that for cellular-phone
services. The cellular-phone service area is currently
limited to heavily populated areas, so such service is
unavailable in rural areas or oceans. In the Beyond
5G/6G era, the goal is to provide extreme-coverage
cellular-phone/smartphone services in new areas
including space, sky, and oceans. It is highly expected
that cellular phones/smartphones will be connected
seamlessly to the core network via a GEO/LEO satel-
lite or HAPS where the terrestrial network does not
cover. For this purpose, a communication chip cus-
tomized for using LEO satellites was developed and
commercial services connecting smartphones and
LEO satellites have begun. The current service is
mainly message/text service for disaster-relief, but,
the communication speed will increase in the near
future for other services.

In the Beyond 5G/6G era, GEO/LEO satellites and
HAPSs will have advantages and disadvantages in
terms of service coverage, cost, delay, technical heri-
tage, and so on. For example, the service coverage
and delay time of GEO satellites are the largest. How-
ever, the delay time of LEO satellites is much smaller.
To provide real-time communication services, hun-
dreds or thousands of LEO satellites are needed. A
HAPS flies much nearer the Earth compared with
other satellites, so is expected to enable high through-
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put with small delay. However, its technologies are
not yet matured and it takes longer to provide stable
commercial services all year round. Therefore,
Beyond 5G/6G communication services will be able
to be provided by combining an NTN consisting of
GEO/LEO satellites/HAPSs with a terrestrial net-
work.

Figure 2 shows the research and development
(R&D) milestones for achieving a multi-layer NTN.
As we described above, to enlarge the service cover-
age using smartphones, HAPSs are the most promis-
ing NTN solution because it is possible to accommo-
date signals from smartphones at higher power com-
pared with using satellites. For Milestone 1, service
will start being provided in limited areas using a sin-
gle HAPS.

However, since HAPS technologies are not yet
matured, it is not practical to procure hundreds of
HAPSs to cover the exclusive economic zone of
Japan. Thus, it is reasonable to enlarge the service
area of a HAPS using backhaul via satellite and pro-
vide services to limited areas. This configuration is
considered Milestone 2 and will connect a HAPS
with a GEO satellite as backhaul. Finally, a multi-
layer NTN will be completed by including a broad-
band LEO network. This configuration is Milestone
3. In this milestone, GEO/LEO satellites will be verti-
cally connected with HAPSs via free space optics
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Fig. 2. R&D milestones for achieving a multi-layer NTN.

(FSO). The smartphone traffic will be flexibly trans-
ferred via a multi-layer network on the basis of net-
work congestion and application required quality.

2.2 NTN study items

GEO/LEO satellites and HAPSs are expected to be
used to greatly enhance mobile-service coverage.
This will contribute to the convenience and value of
mobile communications. For example, a highly reli-
able messaging service and ultra-wide-area service
coverage will be possible.

Figure 3 shows the joint R&D project for B5SG
(Beyond 5G)-NTNs funded by the National Institute
of Information and Communications Technology
(NICT) [3]. This project was promoted by SKY Per-
fect JSAT Corporation, NTT Corporation, NTT
DOCOMO, INC., and Panasonic Corporation. This
project consists of five study items.

(1) Research on NTN technologies:

(1-a) Network-architecture design of B5G-
NTNs

(1-b) Network-control algorithm among multi-
layered NTN nodes
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(1-c) Optical link for HAPS-HAPS connection
(2) Development of an NTN service:
(2-a) Safety management system of small ships
via the HAPS platform
(2-b) In-flight communications by dual connec-
tivity of a satellite and HAPS
2.2.1 Network-control algorithm among NTN
nodes
NTT Access Network Service Systems Laborato-
ries is mainly investigating item (1-b) in collabora-
tion with other companies. For network control
among NTN nodes, since the frequency band of the
feeder link for a HAPS is the Q band, problems occur
when the feeder-link communications are interrupted
due to rain attenuation. In this case, traffic is concen-
trated on a specific link. When the traffic flows
exceed the network capacity of a link, packet loss or
transfer delay occurs due to traffic congestion. To
overcome this problem, we proposed a traffic-control
algorithm suitable for NTNs [4].
Our algorithm is shown in Fig. 4. For transferring
traffic over the sea, two approaches are assumed,
transferring traffic by hopping adjacent HAPSs and
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transferring traffic by hopping satellites as well as
HAPSs. Our algorithm calculates the network cost C
on the basis of congestion and/or delay route by route
then selects the optimal route that minimizes C. The
simulation results indicate that the algorithm distrib-
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utes traffic and avoids traffic concentration on a spe-
cific link even under rainy conditions [4].
2.2.2 HAPS technologies

The weight and power budget for onboard equip-
ment of HAPS is so limited that it is difficult to carry

26



Feature Articles

out onboard signal processing such as in terrestrial
base stations of cellular phones. HAPS technology
needs to evolve to tackle this problem. For example,
to enlarge the service area, multi-hop connection
among HAPSs or satellites is needed. FSO is the key
technology to connect adjacent HAPSs and is cur-
rently being investigated.
2.2.3 Communications using 30/40 GHz

To ensure high-speed communications in service
links between a HAPS and smartphones, the commu-
nication capacity of feeder links between HAPSs and
base stations needs to be increased. Thus, the fre-
quency band around 30/40 GHz (Q band) was newly
allocated for a HAPS in World Radiocommunication
Conference 2019. It is advantageous to use a wider
bandwidth at a higher frequency such as the Q band.
However, millimeter waves are heavily attenuated by
rain. To overcome this problem, a compensation
method for rain attenuation is needed. We are cur-
rently researching a new proactive base-switching
technique and traffic routing as well as conventional
diversity techniques to avoid rain attenuation.

3. Summary

This article introduced study items focusing on
NTNs, which NTT Access Network Service Systems
Laboratories is currently investigating. NTT is cur-
rently promoting R&D for building the Space Inte-
grated Computing Network by collaborating with
other space research institutions and businesses.
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Abstract

NTT Space Environment and Energy Laboratories is investigating global environmental futures fore-
casting technology, which reproduces Earth’s past and present in cyberspace and forecasts the future,
with the aim of regenerating the global environment and environmental adaptation through global obser-
vations. In this article, we introduce ultra-wide-area ocean-atmosphere observation technology, which
enables continuous, real-time, wide-area, high-density direct observation of the ocean on a global scale
by using Internet-of-Things sensors, and discuss its main components, i.e., position-control technologies

for observation equipment.
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1. Initiatives for global environmental futures
forecasting technology

NTT Space Environment and Energy Laboratories
is investigating global environment futures forecast-
ing technology [1], which reproduces Earth’s past
and present in cyberspace and forecasts the future,
with the aim of regenerating the global environment
and environmental adaptation through global obser-
vations. The ocean, which covers 70% of the Earth’s
surface area, involves extreme weather events, such
as typhoons and linear precipitation zones, and great-
ly impacts our lives. It is important to enhance the
direct observation data in the sea area for elucidating
the mechanism and modeling of phenomena occur-
ring in the ocean. However, due to various oceanic
challenges related to power consumption, data com-
munication, weather resistance, and position control,
not enough observations have been conducted. In this
article, we introduce ultra-wide-area ocean-atmo-
sphere observation technology [2], which enables
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continuous, real-time, wide-area, high-density direct
observation of the ocean on a global scale by using
Internet-of-Things (IoT) sensors, and its main com-
ponents, i.e., position-control technologies for obser-
vation equipment.

2. Ultra-wide-area ocean-atmosphere
observation technology

Ultra-wide-area ocean-atmosphere observation
technology (Fig. 1) is an observation technology for
achieving ultra-low power consumption and enabling
low-cost observation by placing IoT sensors in all
areas of the ocean, including unexplored areas where
direct observation has been difficult. In collaboration
with NTT’s Space Integrated Computing Network
[3], observation data will be collected in real time
from low-power wide-area radio waves emitted by
10T sensors via low-Earth orbit satellites and high-
altitude platform stations. This technology will eluci-
date the mechanisms of meteorological phenomena,
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such as typhoons and linear precipitation zones, and
marine ecosystems, such as microbes and nutrients,
as well as acquiring oceanographic observation data
that contribute to modeling the global environment in
cyberspace. Remote sensing, which is mainly used
for oceanographic observations, does not produce
sufficient data both qualitatively and quantitatively,
and several challenges unique to the ocean need to be
addressed to enable continuous, real-time, wide-area,
and high-density direct observation in the ocean.

The four main challenges with observation equip-
ment are: reducing power consumption, ensuring
communication with land, improving weather resis-
tance, and controlling position.

2.1 Reducing the power consumption

For long-term oceanographic observations, it is
essential to reduce the power consumption of obser-
vation equipment. Current oceanographic observa-
tions rely on batteries and photovoltaics for power,
but battery replacement during the observation period
is more difficult than on land, and solar photovoltaics
are not able to provide power during rough weather.
To enable long-term observations in the ocean, it is
important to reduce the power consumption of
onboard sensors and propulsion equipment. Longer
observation periods reduce the frequency of equip-
ment replacement, leading to lower observation
costs.

2.2 Ensuring communication with land

To collect observation data in real time from equip-
ment located anywhere on Earth, it is essential to be
able to communicate with base stations in a wide area
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and in large quantities. It is currently possible to col-
lect observation data in the ocean far from land,
mainly by using satellite communication, but there
are problems such as the limited amount of data that
can be transmitted at one time and the high cost of
communication. It is also necessary to stabilize the
transmission and reception of data even in ocean
environments where waves exist around the observa-
tion equipment.

2.3 Improving weather resistance

To achieve stable oceanographic observations even
in stormy weather such as typhoons, it is essential to
improve the weather resistance of observation equip-
ment so that observation can be conducted even in
harsh environments. It is necessary to prevent elec-
tronic components of observation equipment used at
sea from being damaged by submersion or salinity. It
is also important to develop observation equipment to
survive the harsh marine environment, e.g., constant
swaying due to waves and wind, and strong winds
and high waves such as during typhoons can cause
fatal damage.

2.4 Controlling position

To achieve wide-area and high-density observa-
tions in areas affected by currents and winds, it is
essential to control the position of observation equip-
ment. There is a method of mooring observation
equipment to the seabed with cables to fix their posi-
tions, but it is difficult and expensive to install in
deep-water areas. Positions can be controlled with a
propulsion device such as a screw propeller or water
jet, but observation periods will need to be shorter
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due to the large amount of power required to operate
such a device.

We introduce two position-control technologies of
oceanographic equipment for ultra-wide-area ocean-
atmosphere observation technology to mitigate the
above problems.

3. Position-control technologies of
oceanographic equipment for ultra-wide-area
ocean-atmosphere observation technology

In oceanographic observation using ultra-wide-area
ocean-atmosphere observation technology, we aim to
collect observation data by installing a large number
of satellite [oT sensors evenly over a wide area. How-
ever, we need to collect these sensors for mainte-
nance and replacement. Therefore, as shown in
Fig. 2(a), if satellite IoT sensors are placed in one
general area, it will be possible to observe that area by
automatically moving the sensors so that their posi-
tions are in a grid. This is ideal to efficiently collect
sensors when necessary. However, when using obser-
vation equipment that does not have a propulsion
device, such as buoys, the observation density will be
biased due to the equipment being carried on ocean
currents and wind. Because it is also very expensive
to recover a large number of observation equipment
scattered in the ocean, they are currently abandoned
instead of being recovered. Certain observation
equipment uses a propulsion device powered by elec-
tric power to control movement, but it is not suitable
for long-term oceanographic observations that
require lower power consumption. To overcome
these challenges and enable effective and efficient

NTT Technical Review  Vol. 21 No. 8 Aug. 2023

observation, it is necessary to develop and implement
position-control technologies for placing satellite IoT
sensors by using external forces such as ocean cur-
rents, waves, and wind.

Therefore, we are researching and developing two
position-control technologies to enable observation
equipment to use ocean currents and winds for posi-
tion control. One technology is based on drift-trajec-
tory-prediction information [4]. Observation equip-
ment in the sea is affected by currents and winds and
drift on the sea surface, so this position-control tech-
nology uses the movement from this drift. The other
technology is based on wave and wind propulsion
technology. This technology uses waves and wind to
add propulsion to observation equipment to control
its position (Fig. 2(b)). We aim to enable oceano-
graphic observation with position control without
requiring electric power by combining these tech-
nologies.

3.1 Position-control technology with drift-trajec-
tory-prediction information

Drift-trajectory prediction is a prediction of how a
floating structure at a certain point will drift under the
effect of currents and wind. Drift-trajectory predic-
tion uses a model that shows how much the drift tra-
jectory is affected by the shape of the floating struc-
ture and predicts the direction and amount of move-
ment of the floating structure on the basis of the
forecast data of ocean currents and wind by the Japan
Meteorological Agency. The positions of satellite [oT
sensors are controlled by predicting how they will
move in the ocean and adjusting the location and time
to install them. Current drift-trajectory prediction is

30



Feature Articles

not accurate enough; thus, it is essential to improve
this accuracy. However, there is little observational
data to compare forecasts with actual results. We aim
to improve the accuracy of drift-trajectory prediction
by continuously conducting such prediction during
observations and accumulating observation data on
the basis of predictions and actual results.

In March 2023, drifting observations were con-
ducted off the coast of Miyako Island, Okinawa,
Japan, using a drifting buoy (Fig. 3) equipped with a
water-temperature gauge and the Global Positioning
System to verify the accuracy of drift-trajectory pre-
diction. We modeled the effects of ocean currents and
winds on drifting buoys to make drifting-trajectory
predictions and conducted actual drifting observa-
tions to verify such predictions. By analyzing the
causes of the discrepancy between drift-trajectory
predictions and actual drift trajectories, we are devel-
oping prediction models and gathering necessary
input data to improve prediction accuracy.

3.2 Wave and wind propulsion technology

It is also important to add propulsion to observation
equipment to modify the position of satellite [oT sen-
sors when controlling their position at sea. We aim to
develop a propulsion system that converts waves and
wind directly into propulsion, which can be supplied
infinitely from the surrounding environment. By
using both wave and wind power as the power source,
we are developing a technology that can flexibly pro-
vide propulsion in accordance with changes in the
weather. We set a goal to produce small observation
equipment (total length: 1 m, total weight: about 25
kg) that can be easily loaded onto ships during instal-
lation and recovery even if a very large amount of
equipment is in operation. We are currently designing
propulsion systems using wave and wind power and
using simulators for virtual verification. Using the
verification results as a basis, we will build a proto-
type of the equipment that uses propulsion-control
technology to improve the oceanographic observa-
tions.

4. Future prospects

We introduced ultra-wide-area ocean-atmosphere
observation technology related to the position control
of observation equipment. To enable long-term
oceanographic observations, position-control tech-
nologies that do not depend on electric power is a
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Fig. 3. Drifting buoy.

major issue. With ultra-wide-area ocean-atmosphere
observation technology, satellite IoT sensors are
placed in the oceans on the basis of drift-trajectory
prediction; thus, observations will be possible while
controlling the equipment position using our wave
and wind propulsion technology. By enriching obser-
vation data in ocean areas, it will be possible to accu-
rately model physical phenomena such as ocean cur-
rents. We will also be able to gather a wide variety of
data useful for the study of typhoons, linear precipita-
tion zones, and ecosystems, as well as for various
fields. In the summer of 2023, we will place drifting
buoys in the path of typhoons using the drifting-tra-
jectory prediction introduced in this article to monitor
changes in sea temperatures before and after the pas-
sage of typhoons.
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Recent Activities of ITU-T SG13 on

Future Networks

Yoshinori Goto

Abstract

This article introduces the recent activities of the International Telecommunication Union - Telecom-
munication Standardization Sector (ITU-T) Study Group 13 (SG13), which is responsible for the study
on future networks. The study area covers, but not limited to, mobile networks, cloud computing, and
quantum key distribution. Standardization organizations and groups are working toward implementing
future networks in 2030. SG13 is expected to define the concept of future networks in this global stan-

dardization community.

Keywords: future networks, IMT, quantum key distribution

1. Introduction

As International Mobile Telecommunications-2020
(IMT-2020), which is also known as the 5th genera-
tion mobile communication system (5G), becomes
mature, the global standardization community is
moving toward future networks, which is sometime
referred to as 6G and expected to be implemented in
2030. The International Telecommunication Union -
Telecommunication Standardization Sector (ITU-T)
Study Group 13 (SG13) is responsible for defining
the concept of future networks. A wide range of sub-
jects, such as virtualization, artificial intelligence and
machine learning (AI/ML), computing and network
convergence, and quantum information technology,
are being discussed. Different from the fora and con-
sortia in which experts are mostly from developed
countries, SG13 attracts many experts from develop-
ing countries who have different motivations and
unique ideas. This article introduces the activities of
SG13 focusing on future-network technologies that
will be applied in next-generation mobile networks.

2. Overview of SG13

The major objective of SG13 is to define the con-
cept of future networks. While other SGs are working
on detailed technical specifications to be used in the
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implementation of technologies, the deliverables of
SG13 are published as requirement and architecture
documents showing abstractive views of the targeted
systems and technologies. With high-level architec-
ture, the targeted systems and technologies will be
developed in various implementations optimized for
real situations.

As the entrance of new ideas in ITU-T, SG13 wel-
comes new technical concepts that will drive the
future information and communication technology
(ICT) industry. Many proposals asking for new stud-
ies are submitted in SG13. Some of these proposals
are more relevant for discussion in Focus Groups
(FGs) in which the work methods are more friendly
to academic experts as defined in ITU-T Recommen-
dation A.7. FGs work intensively on specific subjects
with limited lifetime in a flexible working environ-
ment.

In the more competitive environment of global
standardization, where standard developing organi-
zations (SDOs) are pursuing similar subjects with
slightly different focuses, collaboration among SDOs
to strengthen the value of standards is becoming
important. SG13 uses the mechanism of Joint Coor-
dination Activity (JCA) as defined in ITU-T Recom-
mendation A.1. Although JCA does not produce any
technical deliverable, it contributes to the global
standardization community by providing a platform
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Table 1. List of groups associated with SG13.

Group Note

FG-AN This FG is conducting pre-standardization work on autonomous
networks since its establishment in 2020.

JCA-ML This group coordinates the standardization work on machine
learning among the SDOs and groups.

JCA-IMT2020 This group coordinates the standardization work on IMT-2020,
which is equivalent to 5G, among the SDOs and groups.

JCA-QKDN This group coordinates the standardization work on quantum key
distribution networks coordination among the SDOs and groups.

SG13 RG-EECAT | This group promotes SG13 related activities in the region of
Eastern Europe, Central Asia, and Transcaucasia.

SG13 RG-AFR This group promotes SG13 related activities in the African region.

| ITU-T |
I
| SG13 |
[ i |
WP1 IMT-2020 and Beyond: WP2 Cloud Computing and Data WP3 Network Evolution, Trust and
Networks & Systems Handling Quantum Enhanced Networking
| Q6 QoS |
| Q20 INIT 2020 (req@arch) | | Q7 DPI | | Q1 Scenarios |
- req&arc
| 021 NW soft | | Q17 Cloud (req) | | Q2 NGNe |
| Q22 Emerging NW | | Q18 Cloud (arch) | | Q5 Developing countries |
l Q19 Cloud (mgnit) l | Q16 Trust&Quantum |
| Q23 FMSC |

DPI: deep packet inspection
FMSC: fixed, mobile and satellite convergence
NGNe: Next Generation Network evolution

NW: network
QoS: quality of service

Fig. 1. Structure of SG13.

of information exchange among different groups
within ITU-T as well as SDOs. The FGs and JCAs
under the responsibility of SG13 or associated with
SG13 are listed in Table 1.

The actual technical discussion of SG in ITU-T is
carried out at Questions, which are small groups
responsible for specific study subjects. There are 13
Questions grouped in 3 Working Parties (WPs), as
shown in Fig. 1.

The SG13 meeting is held every 9 months. To
accelerate the discussion, Joint Rapporteur Meetings
consisting of all Questions and WP Plenary are held
between SG meetings. This means SG13 has three
chances of having intensive discussion across the
entire SG and launching the approval process of its
deliverables. SG13 attracts about 200 contributions
and several hundred experts around the world. This
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fact shows that SG13 is not only one of the largest
SGs in ITU-T but also its importance is critical to the
standardization work of ITU-T.

3. Technical subjects

3.1 Mobile networks including IMT-2020

Mobile networks including IMT-2020 is one of the
major study subjects of SG13. A mobile network con-
sists of the wired section, which is under the respon-
sibility of ITU-T, and the wireless section, which is
under the responsibility of ITU Radiocommunication
Sector (ITU-R). Therefore, the study scope of mobile
networks in SG13 does not include the wireless sec-
tion.

In the standardization work for IMT-2020 predat-
ing the work of FG-IMT2020, SG13 focused on the
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Fig. 2. Configuration of QKD networks.

concept of network resource virtualization, including
the management of virtual networks called network
slice. This study evolved to the application of AI/ML
technologies for network management, which are
conducted in FG-ML5G (Focus Group on Machine
Learning for Future Networks including 5G) and
FG-AN (Focus Group on Autonomous Networks).
The standardization work in this field has progressed
in collaboration with other SDOs such as ETSI
(European Telecommunications Standards Institute)
ISG ZSM (Industry Specification Group Zero Touch
Network and Service Management).

3.2 Cloud computing

The cloud-computing study in ITU-T was launched
from Focus Group on Cloud Computing (FG-Cloud)
established in 2010. After conclusion of FG-Cloud in
2012, the work on cloud computing was transferred
to the Questions of SG13 WP2, which was estab-
lished to advance the work toward ITU-T recommen-
dations. The computing industry has established its
own ecosystem of standardization. Thus, it is impor-
tant to consider the focus area of SG13 to avoid
unnecessary duplication of this work. SG13 identi-
fied the inter-cloud, which is a use case of cloud
computing connecting multiple datacenters via a
wide area network, as relevant. The concept of inter-
cloud is produced as ITU-T Recommendation
Y.3511.

As the importance of data is being recognized by
industry experts, the focus area of SG13 in the work
on cloud computing has moved to data-related tech-
nologies. Particularly, cloud computing as the plat-
form for big data is gaining momentum. A series of
ITU-T recommendations for data providers, data
brokerage, and data consumption have been pro-
duced.
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3.3 Quantum Kkey distribution

Quantum key distribution (QKD) (see Fig. 2) is a
mechanism to share encryption keys between distant
locations based on quantum physics. The safety of
QKD does not rely on mathematical difficulties.
Therefore, the safety of QKD is maintained regard-
less of the advancement of computing technologies,
which will undermine the traditional key exchange
technologies. The technology of QKD is becoming
mature; thus, several implementations are being con-
ducted in the field.

The study on QKD in SG13 was launched in 2018.
It is well known that the transmission distance of
QKD is limited within several 10 km. This makes the
construction of a QKD network covering the whole
nation difficult. Therefore, a wide area QKD network
needs to deploy a number of intermediate nodes
located every 10-20 km. A series of ITU-T recom-
mendations, such as Y.3800 (general overview),
Y.3801 (requirements), and Y.3802 (architecture),
was produced on the basis of this idea. As shown in
Fig. 3, further studies, such as key management,
management systems, software-defined QKD, and
secure storage, are progressing. The study on QKD is
progressing mainly in Question 16, while its quality
of service (QoS) aspect is being discussed in Ques-
tion 6. The study items are also being coordinated
with SG17, which is the lead study group on security.

3.4 Other subjects

Question 7 is conducting a study on deep packet
inspection (DPI), which is a technical idea of using
analysis of information contained in packets for net-
work security and QoS. This technical idea is gaining
the attention from national governments imposing the
obligation of confidentiality of communications to
their telecommunication carries. ITU-T recommen-
dations on DPI contain text mentioning the compliance
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QKD fundamental concept
Y.3800 (General overview, 2019)
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Fig. 3. ITU-T recommendations on QKD networks.

with national laws and regulations. Even with this
notification, SG13 is continuing the debate on the use
of DPI technology in networks.

The standardization discussions are being con-
ducted mostly by experts from advanced countries.
However, the majority of the Member States of
ITU-T are categorized as developing countries and
their opinions are still not well considered in the stan-
dardization discussion. SG13 has Question 5, a Ques-
tion addressing the issues of developing countries.
The participants of Question 5 are mostly from the
African region and discuss the issues of, for example,
the development of telecommunication infrastructure
such as mobile networks and cloud computing. Their
motivation is high. They submit contributions about
the telecommunication infrastructure and economic
development in the ICT industry and contain interest-
ing information of the reality of developing countries
that the participants from the advanced countries do
not know. SG13 also established 2 regional groups,
SG13 RG-AFR (Regional Group for Africa) and
SG13 RG-EECAT (Regional Group for Eastern
Europe, Central Asia and Transcaucasia), to encour-
age participation from these regionals.
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4. Future activities of SG13

SG13 as an entrance of new technologies of stan-
dardization focuses on the concept of future net-
works. Currently, SDOs are working toward the
vision of future networks targeting 2030, and ITU-R
is working on the concept of future mobile networks.
SG13 will accelerate the work on the wired section of
future mobile networks.

In the study of IMT-2020, SG13 established FG-
IMT2020 in 2015 and produced new concepts such as
network slicing and network softwarization. Similar
activities are expected for future mobile networks.
Expected subjects are network management using Al/
ML and computing/network convergence for sup-
porting AI/ML, which are being discussed as beyond
IMT-2020. Computing/network convergence is a
relevant subject for SG13, which has been working in
the area of cloud computing. The study on emerging
technologies needs new participants with new ideas
and culture. FG is the best platform to accommodate
these new participants and promote the discussion of
future network technologies.
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Field Trial of Preventive Measures for
Insulation Faults in Aerial Electrical

Cables

Technical Assistance and Support Center, NTT EAST

Abstract

This article presents two preventive measures for insulation faults in aerial electrical cables verified
in an actual facility environment. This is the seventy-seventh article in a series on telecommunication

technologies.

Keywords: aerial cable, insulation faults, humidity control

1. Introduction

The insulation of electrical wires in aerial commu-
nication cables can fail when the insulating coating of
the wire deteriorates and the inner copper core is
exposed to the outside air through changes in the
amount of rainfall or humidity. Addressing telecom-
munication failures associated with such insulation
faults in aerial electrical cables requires a large num-
ber of work hours to search for and repair a faulty
point; therefore, in terms of not only maintaining
quality of telecommunication services but also reduc-
ing work hours, it is important to implement preven-
tive measures against the cables being affected by
changes in the amount of rainfall and humidity. This
article presents two preventive measures for insula-
tion faults in aerial electrical cables verified in an
actual facility environment.

2. Mechanism of insulation faults

The mechanism of insulation faults in aerial electri-
cal cables involves the following steps:
(1) The insulating coating of an electrical wire
deteriorates through oxidation by oxygen in
the air.
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(2) This deterioration is accelerated by factors

such as heat, ultraviolet light, and sea salt.

(3) Continuous cracks develop in the coating of

the wire.

(4) Moisture (condensation or rainwater) deposits

on the exposed copper core.

(5) Insulation resistance of the wire decreases,

and the insulation fails.

The coating of an electrical wire inside a closure
mainly deteriorates due to oxygen, heat, etc. and
exposes the copper core inside the wire (Fig. 1).
Moisture adheres to the exposed copper core and
forms a water film, which lowers the insulation resis-
tance between the wires (Fig. 2). If the insulation
resistance falls below a certain threshold, i.e., insula-
tion fault occurs, the quality of telecommunications
degrades.

3. Overview of preventive measures

Humidity-control packs and coating gels are cur-
rently used by NTT EAST and NTT WEST as pre-
ventive measures against moisture (e.g., condensa-
tion) in closures caused by rainfall and humidity
(Fig. 3).

The humidity-control pack is composed of highly
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Fig. 1. Deterioration of insulating coating of electrical wires.

Insulating coating

Wire 1 Scratch |l Scratch :
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A water film filling the space between wires 1 and 2
decreases insulation resistance between the two wires.

Fig. 2. Mechanism of decreasing insulation resistance.

The coating gel is applied
directly to the wires
through the tube then
spread with a brush.

Install humidity-control
packs by covering the

Reinforcing plate reinforcing plate of the

\z closure to cover the wires.

Humidity-control pack

Coating gel

Humidity-control pack

Fig. 3. Methods of implementing preventive measures.
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Fig. 4. Schematic diagram of humidity control.
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Fig. 5. Schematic diagram of insulating film formation.

absorbent polymer particles that can absorb moisture
in a high-humidity environment and expel it in a low-
humidity environment, keeping the humidity con-
stant and prevent condensation by absorbing and
expelling the moisture inside the semi-sealed closure
(Fig. 4).

The coating gel is a coating material with excellent
water resistance and electrical insulation. When
applied to wires, the gel forms a rubber-like film after
drying, which is expected to prevent exposed copper
cores from coming into contact with adherent mois-
ture and neighboring wires (Fig. 5).

4. Details of field trial

4.1 Trial area

We sampled areas with high failure rates of aerial
electrical cables throughout the year and a significant
increase in failure rates from July to September (a
period of high humidity and rainfall in Japan) and
selected three areas from those samples.

NTT Technical Review  Vol. 21 No. 8 Aug. 2023

4.2 Configuration

To compare the effects of the preventive measures
(humidity-control packs and coating gel) under the
same environment in each of the three areas, we pre-
pared three configurations, i.e., installation of humid-
ity-control packs, application of coating gel, and no
countermeasures implemented, for units*! connected
to the same central office in each area (Fig. 6). We
selected two central offices per area and three units
per central office (18 units in total) with relatively
high failure rate and assigned the unit to each of the
above three configurations at each central office
(Fig. 7).

The two preventive measures were applied to all
the closures connected to each unit to confirm their
effectiveness of these measures.

4.3 Analysis method
Insulation-resistance tests of all the verification
wires in the 18 units were first conducted in February,

*1 Unit: A set of electrical wires connected to and housed in cable
cabinets installed in central offices. Each unit consists of 100
wires.
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Fig. 6. Configuration of field trial.
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Fig. 7. Selected verification units.
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Fig. 8. Test results of verification units (weekly average: June 5—-October 16).

before the implementation of the two preventive
measures (referred to as February (before)), and in
March, after the preventive measures (referred to as
March (after)), when rainfall is sparse. To observe
fluctuations in insulation resistance, the insulation
resistance tests were then conducted daily at certain
times during a five-month period (June 5 to October
16) when rainfall was plentiful. We focused on the
ratio of the number of normal wires to the total num-
ber of verification wires (referred to as normal ratio)
and investigated two points: (i) whether the normal
ratio correlated with changes in the amount of rainfall
and humidity and (ii) whether the preventive mea-
sures could mitigate the impact of changes in the
amount of rainfall and humidity on the normal ratio.

4.4 Trial results

In all three areas, the normal ratio of the units with-
out preventive measures being implemented (without
preventive measure units) was unstable and decreased
significantly during increases in rainfall and humidi-
ty. For units with implemented preventive measures
(with preventive measure units), however, the
decrease in the normal ratio was small and stable
(Fig. 8).

Note that after September 19, for without preven-
tive measure units, the normal ratio recovered to
almost the same level as those from the February
(before) and March (after) tests (Fig. 8).
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5. Discussion

Since the normal ratio of both with and without
preventive measure units decreases during heavy
rainfall and high humidity, and that of without pre-
ventive measure units recovered as the amount of
rainfall and humidity decreased after September 19,
we consider that there is a correlation between the
normal ratio and amount of rainfall and humidity.

From a viewpoint of the effectiveness of these pre-
ventive measures for mitigating the impact of chang-
es in the amount of rainfall and humidity, we con-
firmed the normal ratio of with preventive measure
units remained stable throughout the trial period
(June 5 to October 16) (Fig. 9). This finding suggests
that telecommunication failure caused by insulation
faults due to condensation under high-humidity con-
ditions can be suppressed by implementing these
preventive measures.

6. Conclusion

The effectiveness of two preventive measures
against insulation faults in aerial electrical cables was
verified in an actual facility environment. The insula-
tion resistance of without preventive measure units
varies greatly during periods of high humidity and
heavy rainfall and other periods; in contrast, that of
with preventive measure units stayed fairly stable
throughout the year.

Since aerial electrical cables are deployed with

42



Practical Field Information about Telecommunication Technologies

Normal ratio (mean value)
Variance*
February (before) March (after) June to October
Coating gel 90% 88% 84% 10.4
Humidity-control packs 88% 91% 80% 17.8
No countermeasures 81% 84% 69% 80.1

* A measure of how far the data are spread out from their mean value.
Smaller value means a large amount of data are concentrated close to
their mean value, corresponding to a stable condition.

Fig. 9. Normal ratio for each preventive measure (mean and variance).

multiple wire connections*?, installing humidity-
control packs and applying coating gel to only some
of the closures may not prevent insulation faults
occurring in the unit. As confirmed from the results of
this field trial, these preventive measures should be
applied to all closures in the target units to increase
the effectiveness of the measures.

The Access Network Engineering Group of Techni-
cal Assistance and Support Center, NTT EAST pro-
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vides technical support to resolve difficult-to-solve
failures of access network equipment and facilities
that occur throughout Japan. We will continue to con-
tribute to resolving problems in the field and develop
tools for improving technical capabilities and effi-
ciency by using the expertise gained through techni-
cal support and knowledge gained through the inves-
tigation of the causes of failures.

*2  Multiple wire connections: Wiring configuration in which a main
wire and branch wires are connected in a closure, flexibly meet-
ing customer demand at a wide range of locations.
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Graph states are entangled states useful for several quantum infor-
mation processing tasks such as measurement-based quantum com-
putation and quantum metrology. As the size of graph states realized
in experiments increases, it becomes more essential to devise effi-
cient methods estimating the fidelity between the ideal graph state
and an experimentally-realized actual state. Any efficient fidelity-
estimation method, in general, must use multiple experimental set-
tings, i.e., needs to switch between at least two measurements.
Recently, it has been shown that a single measurement is sufficient if
the noise can be modeled as the phase-flip error. Since the bit-flip
error should also occur in several experiments, it is desired to extend
this simplest method to noise models that include phase and bit-flip
errors. However, it seems to be nontrivial because their result strong-
ly depends on properties of the phase-flip error. In this paper, by
analyzing effects of the bit-flip error on stabilizer operators of graph
states, we achieve the extension to the depolarizing noise, which is a
major noise model including phase and bit-flip errors. We also
numerically evaluate our simplest method for noise models interpo-
lating between the phase-flip and depolarizing noises.

Anonymous Estimation of Intensity Distribution of Mag-
netic Fields with Quantum Sensing Network

H. Kasai, Y. Takeuchi, Y. Matsuzaki, and Y. Tokura

arXiv:2305.14119, May 2023.

A quantum sensing network is used to simultaneously detect and
measure physical quantities, such as magnetic fields, at different
locations. However, there is a risk that the measurement data is
leaked to the third party during the communication. Many theoretical
and experimental efforts have been made to realize a secure quantum
sensing network where a high level of security is guaranteed. In this
paper, we propose a protocol to estimate statistical quantities of the
target fields at different places without knowing individual value of
the target fields. We generate an enanglement between L quantum
sensors, let the quantum sensor interact with local fields, and perform
specific measurements on them. By calculating the quantum Fisher
information to estimate the individual value of the magnetic fields,
we show that we cannot obtain any information of the value of the
individual fields in the limit of large L. On the other hand, in our
protocol, we can estimate theoretically any moment of the field dis-
tribution by measuring a specific observable and evaluated relative
uncertainty of k-th (k =1, 2, 3, 4) order moment. Our results are a
significant step towards using a quantum sensing network with secu-
rity inbuilt.
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