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Preface

In this age of uncertainty that we are living in, the linear model whereby technology is developed at a 

research center and commercialized by operational divisions for delivery to customers is becoming less 

and less viable. Research and development is one of the areas where there is a strong need to proceed 

with innovation in a timely manner by pivoting as the circumstances demand while adopting unique design 

concepts that derive from the challenges facing customers, coming up with new insights or ideas, then 

working with customers to develop hypotheses and build actual prototypes of products or services while 

testing the market’s reaction.

To meet the needs of this era, Hitachi undertook a major reorganization of its research and development 

(R&D) organization in April 2015, targeting collaborative creation with customers, technology-driven 

innovation, and exploratory research as the three pillars of its research strategy, and establishing its Global 

Center for Social Innovation to take a leadership role in working closely with customers; its Center for 

Technology Innovation to work on technological innovations in the fields of artificial intelligence (AI), the 

Internet of Things (IoT), robotics, security, and sensing in particular; and its Center for Exploratory Research 

to deal with R&D that can help solve the future challenges facing society.

Now, as we enter the second year of this customer-driven approach to R&D, the benefits are starting to 

emerge. Examples of collaborative creation with customers include the use of AI for demand prediction in 

retailing and the automation of warehouse operations using Racrew driverless vehicles, as well as helping 

to win an order for a railway traffic management system in the UK. Technology-driven innovations include 

the installation of the world’s fastest elevators in an ultra-high-rise building in Guangzhou, China, and the 

supply of high-speed rolling stock to the UK, which has also become a major talking point. In the area of 

exploratory research, Hitachi has successfully built the world’s highest performance electron microscope, 

and we also won a Nikkan Kogyo Shimbun Best 10 New Products Award for the analysis of human big data 

collected using wearable nametag sensors. We are also actively participating in open innovation to resolve 

the challenges facing society, including the establishment of embedded laboratories at universities and other 

research institutions in Japan and elsewhere, starting with the “Hitachi The University of Tokyo Laboratory,” 

which is working toward the creation of a “Super Smart Society.”

R&D Leading Social Innovation through Global Collaborative 
Creation with Customers

Norihiro Suzuki
Vice President and Executive Officer, CTO and General Manager of Research & Development Group, Hitachi, Ltd.
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Preface

Hitachi is currently tackling the challenge of developing Social Innovation Businesses that make use of 

digital technology focusing on the four categories of Power/Energy, Industry/Distribution/Water, Urban, and 

Finance/Public/Healthcare, with an organizational structure based on 12 “front” (customer-facing) business 

units. Supporting these initiatives is the Lumada IoT platform announced in May 2016. We are delivering new 

value by using Lumada to link together existing customer systems and data as well as value chains. What 

makes this possible is none other than the extensive experience and know-how that Hitachi has built up in 

the field of social infrastructure.

This issue of Hitachi Review presents recent R&D work together with examples of solutions resulting from 

collaborative creation with customers, and also covers the ethos that researchers have handed down from the 

past in an unbroken chain and that serves as the source of this success. I hope that this issue helps readers 

to appreciate the new challenges Hitachi is taking on as it takes the lead in the era of the IoT, the frontline of 

its R&D efforts, and the immutable spirit that underpins these.
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The Hitachi Group undertook a major transformation in its research and development style in 2015, moving its 
focus to customer-driven collaborative research where researchers work in collaboration with customers to gain 
insight into issues and create solutions. Today, with the wave of digitalization transforming the role of business 
and society in significant ways, solving the myriad of complex issues facing customers and society demands 
new ideas and innovations that diverge from the path followed to date. What, then, is needed to give rise to 
those ideas and innovations? We welcomed CEO Alan Richardson of Cambridge Consultants, a company that 
has supported a multitude of innovative endeavors as a leading technology consulting firm with a history in 
the UK and elsewhere, to talk with Norihiro Suzuki, who heads up Hitachi’s 2,700-strong global Research & 
Development Group.

The Changing Style of Innovation

Suzuki: Today, we are facing a wave of digitalization. 
Every day, we are hearing about new developments 
in the Internet of Things (IoT), artificial intelligence 
(AI), and robotics. Hitachi is utilizing its knowledge and 
expertise in operational technology and information 
technology (IT), to apply such new technologies to 
resolving various challenges in society, such as aging 
infrastructure and diminishing workforces. Would you 
share your insights on this new digitalization wave, 
especially as it might relate to Europe?
Richardson: In Europe, digitization is advancing 
across every area of society and industry. In my home 
country of England, the government has focused on 
the digitization of public services and the widespread 
adoption of broadband, and there are also lively efforts 
to promote digitization in the private sector.

The backdrop to this is the same social issues 
that Japan faces, things like climate change, energy 
concerns, and an aging population. For example, in 
terms of measures to deal with an aging population, 
we need to expand medical treatment at home 
through support from IT and a range of other 
technologies. Companies need to innovate and to 
deliver new services based on that innovation. But 
this is not an easy problem, because in many cases, 
innovation doesn’t fit along an extension line of the 
technologies a company has incorporated in the past.

Suzuki: Yes, Hitachi realized this and transformed 
its global research organization. We have the 
Global Center for Social Innovation (CSI) which 
conducts collaborative work with customers using the 
technology developed in the Center for Technology 
Innovation (CTI) to resolve customers’ problems as 
well as challenges in society, and the Center for 
Exploratory Research to investigate solutions to future 
societal issues. Cambridge Consultants has a unique 
business model of producing “radical innovation” 
through product development with customers. We are 
now working with Cambridge Consultants to see how 
we might introduce the “radical innovation” process 
to change our business scheme and introduce new 
technologies. Would you please tell us more about 
“radical innovation.”
Richardson: You can liken large Japanese 
companies to container ships: even though they have 
high internal efficiency, it takes them time to change 
course, and they tend not to excel at incorporating 
external innovation into their businesses. The 
polar opposite of this is the so-called Silicon Valley 
companies. They advance swiftly and flexibly like 
luxury yachts piloted by charismatic captains with 
high resources requiring high returns quickly, but 
sometimes they experience big failures. Perhaps you 
could say that British companies are somewhere in 
between the two. It’s a fast yacht but the captain is a 
team player who takes input from the whole team to 

The Role of R&D Focusing on Open Innovation and 
Collaborative Creation
The True Innovation that Digitalization Enables

Alan Richardson CEO, Cambridge Consultants

Norihiro Suzuki Vice President and Executive Officer, CTO and General Manager of Research & Development Group, Hitachi, 

Ltd.
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optimize the outcome with more limited resources, 
and it produces innovation while using resources 
inside the team efficiently. In our collaboration with 
Hitachi, what we have been trying to develop together 
are the culture and processes to launch fast boats 
from your large ship so that you can maintain your 
efficiency whilst being able to take advantage of 
radical innovation.

In this way, you could say we are trying to produce 
a fusion of our ability to empower teams to develop 
radical innovation quickly in the British style with the 
best Japanese traditions of long-term follow-through 
in strategic areas.

So our process, instead of being based on the 
charismatic vision of one individual, employs a style 
of open innovation that brings about innovation 

together with customers while incorporating outside 
intelligence. In the Cambridge district where 
University of Cambridge is located, a technology 
cluster of around 1,500 high-tech firms in the fields 
of electronics, engineering, biotechnology, and other 
areas has formed. A number of those companies 
are spin-out companies of Cambridge Consultants 
that have been built from foundation to billion dollar 
companies in five to 10 years, for example, CSR, 
Domino Printing Sciences and Xaar.

Japan produces a wealth of innovation in the 
fields of science and technology, and initiatives 
where companies create new value under long-term 
cooperative frameworks with one another seem 
to flourish. That kind of environment has a lot in 
common with the ecosystem that produces the British 
style of innovation. The culture of collaboratively 
creating radical innovation is something we would like 
to pursue in Japan as well.

Requirements for Producing Radical 
Innovation

Suzuki: Having had the opportunity to lead research 
organizations in both the USA and Japan, I have seen 
firsthand the Silicon Valley culture. The headquarters 
of the Services & Platforms Business Unit was 
established in Silicon Valley to leverage that culture of 
speed and agility in development. On the other hand, 
the very solid development of technology in Japan is 
also necessary. So I feel that a mixture of the Silicon 
Valley, Japanese, and European style is necessary 
depending on the region and the customer. 

Cambridge Consultants has much experience in 
conducting radical innovation globally. For example, 
I believe the Iridium Project is one of your success 
stories.
Richardson: We’ve provided innovative design 
services to Iridium in the development of new satellite-
based mobile phone products and its communications 
platform. One example of a social innovation was 
a system to provide surveillance of poaching of 
endangered animals that uses Iridium’s satellite 
communications infrastructure. Our partner was the 
Zoological Society of London. Leveraging one of the 
benefits of Iridium, which is able to provide global 
coverage where other mobile phones cannot be used, 
we developed a covert ultra-low-operating-power 
system to monitor wildlife sanctuaries in Africa and 
alert rangers when there is a threat to endangered 
animals from poaching.

In a joint research effort with Energy Systems 
Catapult (a technology innovation center supported 

Alan Richardson

CEO, Cambridge Consultants
Alan was appointed Chief Executive Officer in July 2012 – after holding the post of 
Deputy Chief Executive since January 2007. Since his appointment he has led the 
company to more than double in size over the last four years and to extend its reach 
into Asia and the West Coast of the USA. Alan joined Cambridge Consultants in 
February 1984. Between then and 2002, when he was appointed Chief Technical 
Officer and earned a seat on the Board, he played a major role in building the 
company’s business in electromagnetic sensors, becoming Division Manager of the 
Product Development Business. He restructured the group and grew it to become 
Cambridge Consultants’ most profitable division. The unit had particular success in 
exploiting its intellectual property in integrated circuits, radar systems, and optical 
sensors. Alan graduated with a First Class degree in Mathematics from Churchill 
College, Cambridge in 1981. He completed an MBA with Distinction in 1998.
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by major international energy companies operating in 
the UK), we are developing a system that will lead to 
reduced energy consumption by allowing consumers 
themselves to manage their energy usage. As 
people use energy in different ways based on how 
they lead their lives, developing the system is not 
easy, but if we succeed, it will surely represent an 
innovation that creates a society engaged in reducing 
energy consumption.

We have also worked with Phillips on the 
development of new concepts for the “Lifeline” 
emergency alert system it acquired. We developed 
a service that uses various sensor technologies 
to automatically alert someone such as a family 
member when a person wearing the device collapses 
due to illness or otherwise. Down the road, system 
functionality will be further expanded to contribute 
to the development of a society where even elderly 
people living alone can lead their lives with peace 
of mind. These are some examples of the social 
innovation we have been focusing on.
Suzuki: What form should a framework for producing 
radical innovation take?
Richardson: Large ambition is what serves as the 
driving force behind innovation. Change entails 
risk, and it may take some time. To overcome those 
elements, it’s important to maintain a high level of 
ambition. In addition to that, rather than just looking 
on the inside of your own company or industry, you 
need to shift your gaze outward and also accept 
different inputs.

When you compare a radical idea with an idea for 
continuous improvement, the radical idea is almost 
always incomplete. If in a classical idea generation 
process, the key stakeholders select ideas for 
further work, they will nearly always select ideas for 
continuous improvement rather than radical ideas 
because they are more likely to be complete and for 
stakeholders to believe they will work even if they 
have much lower potential than incomplete radical 
ideas. However, you shouldn’t draw a conclusion on 
the merits of an idea straight away. You should only 
make a decision once you have thoroughly examined 
what the crucial issue essentially is and gained some 
degree of insight into the concept.

Also, even when a radical idea can’t be applied to 
one field, it may show the potential to be utilized in 
another field. It’s vital to take a broad view and seek 
out the fields in which an idea can be utilized.
Suzuki: I agree with the idea of large ambition 
serving as a driving force. I often strongly encourage 
researchers to have big ambitions and adopt broad 
outlooks.

Incorporating Diverse Viewpoints

Suzuki: Speaking of Hitachi’s Social Innovation 
Business, we are currently engaged in various 
businesses that fuse the knowledge gained in business 
practice with IT, with a focus on four fields, namely 
energy, industry, urban, and finance/public/healthcare.

In the field of energy, we are involved with 
a number of demonstration projects related to 
microgrids in the USA and Europe. In Japan, we 
have jointly developed an area energy management 
system (AEMS) that centrally manages energy for 
an entire region in Kashiwa-no-ha Smart City, and 
through several collaborative creation projects such 
as this, we offer solutions that contribute to the stable 
supply and efficient utilization of energy.

Norihiro Suzuki

Vice President and Executive Officer, CTO and General 
Manager of Research & Development Group, Hitachi, Ltd.
Norihiro Suzuki joined Hitachi after earning his master’s degree from the Graduate 
School of Engineering, University of Tokyo in 1986, and began his career as a 
researcher in digital image signal processing and embedded software systems. After 
serving in several management positions where he lead research in IT, he assumed 
the post of Senior Vice President & CTO of Hitachi America, Ltd. in 2012. He returned 
to Japan in October 2014 to assume the position of General Manager of the Central 
Research Laboratory, and also General Manager of the Global Center for Social 
Innovation from April 2015. He was appointed to his current position as head of the 
Research & Development Group in April 2016. Mr. Suzuki is also a Vice President and 
Executive Officer, and CTO of Hitachi, Ltd.
Doctor of Engineering.
Member of the Institute of Image Information and Television Engineers, Institute of 
Electronics, Information and Communication Engineers (IEICE), and IEEE.
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In the healthcare field, we have taken advantage 
of big data analysis technologies to develop 
technologies that are able to predict the risks of 
adult-onset disease and future medical expenses 
based on data from medical checkups and other 
sources. In conjunction with the Hitachi Health 
Insurance Society, we used actual data from 110,000 
members to confirm its usefulness and provided this 
as a preventative service for adult-onset disease. 
This technology is also being utilized to improve 
healthcare services being promoted on a joint basis 
by the National Health Service, Greater Manchester 
in England.

We are also working on a joint basis with 
Bispebjerg and Frederiksberg University Hospital in 
Copenhagen, Denmark to improve the efficiency of 
hospital operation. Since this collaborative creation 
has yielded positive results, Hitachi and the City of 
Copenhagen also plan to jointly tackle the areas of 
remote healthcare and smart mobility. While Denmark 
is known for proactively pushing for social innovation, 
we hope to expand upon the collaborative creation 
achieved in these regions to provide solutions to 
social issues all over the world. 
Richardson: Something that also happened with 
Iridium at one point is that, even with exceptional 
technology, if the way you propose that technology 
doesn’t translate into the way the user thinks about 
interacting with it, it won’t gain acceptance. To 
connect technology to a business, it’s important to 
think of the entire concept from a service-oriented 
perspective. To do that, we need to take a close and 
careful look at what the essential issues customers 
face are, and what impact the technology will have 
on society.

By taking that approach with the Iridium concept, 
a solution based on the same original technology but 

with a completely different user experience is gaining 
wide adoption.
Suzuki: I agree. To that end, at the Global Center 
for Social Innovation, we have started collaborative 
creation by utilizing design techniques such as 
ethnography to grasp social changes and the issues 
faced by customers and share a vision. We aim to 
provide solutions that surpass the expectations of 
customers, and accomplishing that takes more than 
just engineering; we need knowledge of social science 
as well as effective research technique and design 
thinking.
Richardson: I think that is an important endeavor. 
In our solution development, we have placed an 
emphasis on incorporating a diverse range of 
viewpoints in a multidisciplinary team that considers 
human factors in addition to technology.
Suzuki: We have also begun similar initiatives in 
earnest. We started by establishing an embedded 
laboratory in the University of Tokyo and then 
expanded to other universities and research 
institutions in Japan and abroad, including Kyoto 
University and Hokkaido University. We are striving 
to form a new ecosystem that will serve as the 
foundations for open innovation.
Richardson: That’s an interesting plan. In the 
Cambridge district, relationships between universities 
and the industrial world were once a rarity, but ties 
between the various departments of University of 
Cambridge and industry have also strengthened in 
step with the growth of the technology cluster. Since 
people, technology, and knowledge came together and 
several venture companies were formed and achieved 
success out of that mix, networks have expanded 
and independent clusters attracting even more people 
and companies have formed. Harnessing the array 
of scientific knowledge developed by University of 
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become a multibillion-dollar market; partly because 
of regulation on hands-free mobile usage and partly 
because it became possible to dispense with separate 
application processors for many applications. That’s 
because if you only look at the technology, it is 
complex and difficult to grasp, but by visualizing it in 
terms of solutions that help resolve customer issues 
or solutions that enhance the value of end-user 
experiences, it became possible to provide customers 
with real benefits.

I think you can say the same about the IoT. 
The growth of the market will probably take longer 
than expected. However, if you understand it at the 
essential level, provide the technology as solutions 
that deliver value to customers and end users, learn 
from and solve the challenges that arise from those 
efforts, and continue to iterate on that process, you 
should be a winner. Since Hitachi has sufficient 
technological resources as well as a corporate culture 
of cultivating future eras with technology, I think it has 
a lot of potential.
Suzuki: Thank you. We have already started 
several collaborative creation projects with 
customers concerning the IoT. One of them is smart 
manufacturing. This is a solution to optimize an 
entire factory by placing various sensors around 
the production site, and engaging in the collection 
and utilization of data not only from manufacturing 
equipment but from the actions of people as well. 
At present, the system is for use in single factories, 
but for the next phase we plan to connect multiple 
factories and optimize them as a whole.

We are pursuing similar initiatives in the areas of 
warehouse management and distribution. By starting 
from a single company and in time connecting related 
players and value chains, we are aiming to achieve 
optimization across entire industries, regions, and 

Cambridge as a driving force, open innovation has 
been achieved and an environment in which many 
companies can learn together has been formed. This 
has led to the strong growth of the Cambridge area 
and the British style of innovation.

To Become an Innovation Partner for 
the IoT Era

Suzuki: Earlier I spoke briefly about the key fields 
Hitachi is pursuing. The common infrastructure 
supporting those fields is an IoT platform named 
“Lumada.” It serves as the platform to deliver new 
value to customers by collecting a wide range of data 
from the front lines of business, analyzing that data 
with AI and various tools, feeding back the results of 
that analysis into the control systems powering the 
front lines, and boosting productivity.

In May 2016, Hitachi announced its Mid-term 
Management Plan covering the period from FY2016 
to FY2018. The major objective is to become an 
innovation partner for the IoT era with a focus on 
Social Innovation. While the mission of R&D with 
respect to this objective is quite simply to create 
innovation through IoT, what do you think the success 
factors are to achieving this?
Richardson: IoT is a very unique topic, but it shares 
some qualities with the IT trends we’ve spoken 
about up to now. In the field of IT, the introduction 
of new radio standards is a frequent occurrence, 
one example was Bluetooth*. When it was first 
put forward, the standard itself and the company 
developing chip-based products implementing the 
standard were viewed with skepticism. But the 
technology steadily established itself and today it has 

* The Bluetooth® word mark and logos are registered trademarks owned by Bluetooth 
SIG, Inc.
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societies. We are also pressing ahead with self-
driving cars, the alleviation of traffic congestion, and 
streamlined railway maintenance as fields conducive 
to IoT utilization.
Richardson: The fact that things that have become 
issues on the front lines of actual business are being 
solved through IoT is crucial, because you can’t 
develop perfect systems by just thinking them up in 
the lab.

Sharing Purpose and Value

Suzuki: At Hitachi we have also begun to use AI 
for actual business. When we load a vast array of 
business-related data and information on human 
behavior into Hitachi AI Technology/H, which we 
developed, and then design an outcome we wish 
to improve, the technology discovers correlations 
between the data and generates hypotheses 
about how to improve the outcome. An important 
characteristic of the system is that it is general 
purpose, not specific to a certain area of application. 
The system has already built up a track record 
improving work efficiency in distribution warehouses 
and boosting white-collar productivity, and these 
achievements represent important usage cases for 
Lumada. In this way, utilizing new technologies such 
as AI and the IoT to strengthen service businesses 
and achieve social innovation is one of our major 
targets. To that end, what kind of values do you think 
R&D or a company as a whole should embrace?
Richardson: Companies are formed by their purpose 
and value. To achieve that by having a purpose and 
creating value, it’s important for leaders to clearly 
demonstrate those things. At Cambridge Consultants, 
several years ago we rapidly increased the number of 
employees from around 300 to 700. That was a huge 
amount of growth, but it also introduced risk, because 
we had to share company values that until then had 
been implicitly understood and shared among a small 
number of people with these new human resources. 
That’s why the need to clearly demonstrate those 
things arose.

At the time, we reaffirmed that the concepts of 
integrity and care were important as our values. Since 
radical innovation doesn’t always succeed, even when 
it fails, we have to make sure that the people involved 
aren’t so bruised that they hesitate to take on the 
next challenge. In addition, when problems emerge 
in society due to new technologies or services, 
it’s vital that we work together with customers and 
demonstrate integrity as we seek solutions. We’ve 
achieved innovation based on these values.

Suzuki: Hitachi has embraced the values of 
“Harmony,” “Sincerity,” and “Pioneering Spirit” as 
its founding spirit. I think that echoes the values of 
Cambridge Consultants.
Richardson: We understand why we have been 
successful in building constructive relationships. It’s 
because we have shared our fundamental values. 
Moving forward, we want to continue to achieve 
innovation under that same set of values.
Suzuki: Similarly, we are striving to once again share 
our founding spirit internally and achieve ambitious 
goals. Thank you for being with us today.
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Overview

wide range of technologies that cross the boundaries 
between different business divisions, the group has 
acquired a collection of methodologies that represent 
research best practices and common platform 
technologies with broad applications. The group 
is also able to be selective and focused, assigning 
research resources flexibly based on the urgency and 
importance of the challenge concerned. It is able to 
utilize these resources to resolve high-level problems 
by responding promptly to changes in market and 
customer needs.

Technology Development that Spans 
Multiple Market Areas
It is not uncommon for a technology developed for one 
market segment to be applicable to other market areas, 
either as is, or with only a few modifications. There 
are many cases where technologies can be enhanced 
through the centralized development and accumulation 
of technologies from a wide variety of different market 
segments. Along with serving as an important asset for 
future R&D, this also provides the driving force for 
opening up new markets.

Technology Development for Expanding into 
New Markets or Creating Future Markets
Hitachi is working on R&D that is based on the 
following three policies aimed at the sustainable 
development of society and customers. Open 
innovation holds an important key for each of these.
(1) Become familiar with market information 
obtained by having an involvement in a wide range 
of business areas
(2) Become familiar with information on advanced 
technologies obtained through R&D for a wide range 
of business areas
(3) Conduct research into methodologies that include 
human sciences and system sciences for identifying 
signs of social change from the aforementioned 
marketing and technology information

The following sections describe Hitachi’s R&D 
organization for implementing its 2018 Mid-term 
Management Plan, its basic policies, global R&D 

R&D LEADING THE EXPANSION OF THE 
SOCIAL INNOVATION BUSINESS

HITACHI is working to expand its Social Innovation 
Business throughout the world. This business involves 
developing a common understanding of problems 
with customers and then mobilizing its technologies, 
products, services, personnel, and other business 
resources to work with them to achieve innovation 
and deliver solutions to those problems. The research 
and development (R&D) at Hitachi that leads this 
process seeks not only to create technology and other 
knowledge, but also to enhance the organization’s 
capacity for innovation by utilizing these to create new 
value that will provide business opportunities.

Hitachi, Ltd. was established in 1910 and since then 
has been working to expand and transform its business 
areas based on its Corporate Credo of contributing to 
society through the development of superior, original 
technology and products. This has included focusing 
on technology development from the beginning and 
maintaining its own independent research organization 
from its early years (1918). That organization, now 
called the Research & Development Group, is still 
working on a wide variety of R&D across the entire 
Hitachi Group.

The business divisions, meanwhile, are also 
working on short- to medium-term development, 
drawing on the research results of the Research & 
Development Group, in order to meet the requirements 
of the relevant markets and their customers. Hitachi’s 
annual investment in R&D totals about 350 billion 
yen, of which the development being worked on by 
business divisions is becoming a larger proportion.

The Research & Development Group plays the 
following three main roles.

Development of Technologies that Individual 
Business Divisions Find Difficult to Resolve 
on Their Own
The Research & Development Group has built up both 
tangible and intangible business resources suitable 
for R&D. Having spent many years working with a 

Yoshitaka Nishino, Ph.D.

Hitachi Group’s R&D Strategy
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initiatives, and the development of an Internet of Things 
(IoT) platform that accelerates social innovation.

HITACHI’S R&D ORGANIZATION FOR 
IMPLEMENTING ITS 2018 MID-TERM 
MANAGEMENT PLAN

Hitachi’s 2018 Mid-term Management Plan aims to 
expand its Social Innovation Business by accelerating 
collaborative creation with customers in its role as “An 
Innovation Partner for the IoT Era.”

To accelerate collaborative creation with customers, 
Hitachi adopted an organizational structure based on 
customer-focused business units (BUs) in FY2016 
(see Fig. 1).

The front (customer-driven) businesses that 
develop and supply services closely with customers 
through collaborative creation are made up of 12 
BUs organized by customer segment, and various 
regional bases. These businesses use platforms for 
the timely and efficient supply of services. To this end, 
the Services & Platforms BU develops and supplies 
platforms for a variety of services. The Industrial 
Products BU and group companies supply globally 

competitive parts, materials, and other products to 
customers and to front BUs.

The Research & Development Group represents 
the further strengthening of the customer-driven R&D 
organization that was established in 2015 in advance 
of the change to the BU structure in order to work with 
this new structure (see Fig. 1).

The Global Center for Social Innovation (CSI) 
is a front organization that works with customers 
to develop solutions. In addition to its four bases in 
Tokyo, North America, China, and Europe, it has also 
established an Asia-Pacific (APAC) base that works 
closely with local regions on investigating ways of 
overcoming challenges. It also utilizes the technology 
platforms and other innovative products of the Center 
for Technology Innovation (CTI) (described below) 
to provide leadership that extends from developing 
prototype solutions to conducting on-site testing.

The CTI has nine research centers that deal 
with energy, electronics, mechanical engineering, 
materials, systems engineering, information and 
telecommunications, controls, production engineering, 
and healthcare, respectively. Its role is to support the 
development of new solutions through the optimal 

President & CEO

Research & Development Group Technology Strategy Office

Global Center for Social Innovation

Center for Technology Innovation

CER

Front

Services and platforms

Products

Nuclear Energy BU

Power BU

Energy Solutions BU

Industry & Distribution BU

Water BU

Building Systems BU

Railway Systems BU

Urban Solutions BU

Defense Systems BU

Financial Institutions BU

Government & Public Corporation BU

ICT Business Division

Healthcare BU

As of July 2016

CSI

Tokyo, North America, China, 
Europe, and APAC

CTI

Energy, electronics, mechanical 
engineering, materials, systems 
engineering, information and 
telecommunications, controls, 
production engineering, healthcare

Services & Platforms BU

Industrial Products BU

BU: business unit   R&D: research and development   ICT: information and communication technology   
CSI: Global Center for Social Innovation   APAC: Asia-Pacific   CTI: Center for Technology Innovation   
CER: Center for Exploratory Research   

Fig. 1—Hitachi’s Business Unit 
Structure and R&D Structure.
The Research & Development 
Group works on customer-
focused R&D throughout 
the world, with initiatives 
that include working on 
methodologies for developing 
new markets and the 
development of common 
platform technologies in ways 
that cross the boundaries 
between BUs.
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combination of a wide range of technical fields while 
also strengthening the technology platforms for these 
nine fields through the development of innovative 
services, products, and platforms.

The Center for Exploratory Research (CER) conducts 
leading-edge R&D from a long-term perspective 
on ways to resolve the challenges that society will 
face in the future, and also operates as a global open 
laboratory to open up new opportunities for Hitachi’s 
Social Innovation Business through collaborations with 
a variety of other research institutions.

BASIC POLICIES OF RESEARCH 
& DEVELOPMENT GROUP FOR 
IMPLEMENTING ITS 2018 MID-TERM 
MANAGEMENT PLAN

The Research & Development Group has set three 
basic policies in its role as a research laboratory that 
will lead Hitachi to become “An Innovation Partner 
for the IoT Era.”
(1) Creating service business by accelerating 
collaborative creation
(2) Building up technology platforms for Service and 
Product business growth
(3) Challenging future societal issues through open 
innovation

Creating Service Business by Accelerating 
Collaborative Creation
The challenges facing customers and other parts of 
society are becoming more complex, encompassing 

problems such as energy and the environment, food 
and water, and transportation systems and security. 
The Research & Development Group has been 
working on initiatives aimed at collaborative creation 
with customers to achieve a common understanding 
of these challenges alongside customers and joint 
development of solutions in accordance with the 2015 
Mid-term Management Plan. These initiatives will be 
stepped up under the 2018 Mid-term Management 
Plan, whereby the group will contribute to service 
business development by working rapidly through the 
following cycle, engaging with front BUs to accelerate 
collaborative creation with customers (see Fig. 2).
(1) Identify challenges

Identify challenges by rigorously focusing on the 
“pain points” of end users. Consult with front BUs to 
identify business opportunities and to come up with 
solution ideas in ways that take account of customer 
circumstances.
(2) Resolve challenges

Work with front BUs to initiate collaborative 
creation with customers and demonstrate the value 
for these customers.
(3) Leverage outcomes

Incorporate the know-how and systems developed 
into an IoT platform to enable ongoing service delivery 
by BUs.

The past practice for collaborative creation with 
customers(1) has been to help improve efficiency by 
using ethnographic surveys of a specific customer 
activity (warehouse logistics, for example) to identify 
problems, formulate solutions, and verify benefits. In 

(1) Identify challenges
This step involves consulting 
with front BUs to identify 
business opportunities and to 
come up with solution ideas 
by focusing on the “pain 
points” of end users.

(2) Resolve challenges
This step involves working 
with front BUs to initiate 
collaborative creation with 
customers and demonstrate 
the value for those customers.

(3) Leverage outcomes
This step involves 
incorporating the developed 
know-how and systems into 
an IoT platform to enable 
ongoing service delivery.

(2) Resolve challenges(2) Resolve challenges

(3) Leverage outcomes(3) Leverage outcomes
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Fig. 2—Creating Service 
Business by Accelerating 
Collaborative Creation.
The Research & Development 
Group contributes to service 
business development by 
working rapidly through the 
cycle shown in the figure, which 
involves engaging with front 
BUs to accelerate collaborative 
creation with customers.



Hitachi Review Vol. 65 (2016), No. 9      385 

- 15 -

the future, Hitachi aims to deliver even greater value 
to customers by using 25 Future Signs for 2025(2) 
(insights into the future of society as a whole from 
the perspective of the general public) as a prompt to 
anticipate changes in customers and by identifying 
business opportunities through the application of 
ethnography across the entire customer value chain 
(such as integration with inward and outward goods 
and delivery).

Building Up Technology Platforms for 
Service and Product Business Growth
Fig. 3 shows the direction of future business expansion 
at Hitachi and the policies for building the associated 
technology platforms. The figure classifies Hitachi’s 
business sectors based on four quadrants. The horizontal 
axis represents whether products and services are 
custom-developed for individual customers (order-
made), or supplied for use by a large number of general 
customers (scalable). The vertical axis represents 
whether businesses are independent to Hitachi (closed), 
or involve collaborative creation with partners (open).

The Research & Development Group is working 
on the following technology development to build a 
technology platform for each quadrant.

The bottom-left quadrant corresponds to system 
integration (SI) businesses such as financial and public 
sector systems. In this quadrant, Hitachi is working on 
technology development that will boost both its own 
profitability and that of its customers through the rapid 
delivery of high-quality systems.

The top-left quadrant corresponds to engineering, 
procurement, construction (EPC), and operation and 

maintenance (O&M) businesses with large-scale 
projects in fields such as railways, nuclear power, and 
particle beam therapy (PBT). In this quadrant, Hitachi 
is working on technology development that will help 
improve value along the total customer value chain.

The bottom-right quadrant corresponds to products 
and materials businesses such as industrial and IT 
equipment, escalators and elevators, and auto parts. 
In this quadrant, Hitachi is working on developing 
technologies that are intended to enhance customer 
value and boost market share, such as quality 
improvement and adoption of the IoT.

The top-right quadrant corresponds to digital 
solutions, meaning Social Innovation Businesses 
that use digital technology. Examples include service 
businesses for energy management, electronic 
commerce, and industry and distribution. The market 
in this sector is expected to grow rapidly in the era of 
the IoT, where digital technology is used in various 
different things that are linked together. Hitachi’s 
strength when it comes to creating digital solutions 
is that it has technologies and practical experience 
in both operational technology, which involves 
equipment operation and the collection of workplace 
data, and IT, which involves status visualization, 
analysis, and prediction. Hitachi is putting this strength 
to work in technology development that expands by 
utilizing platforms.

One example(3) is its work aimed at increasing 
extraction from oil fields and boosting productivity 
in the oil and gas industry. In a solution for converting 
geological data to digital form and applying analytics 
to the resulting big data, the analysis platform has been 
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Fig. 3—Building Up Technology 
Platforms for Service and 
Product Business Growth.
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platforms will improve 
the profitability of existing 
businesses and help expand the 
Social Innovation Business.
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Developing diverse relationships will be essential 
to achieve this vision. The group intends to actively 
pursue open innovation, not only with customers, but 
also with technology partners from outside Hitachi, 
and other countries, and regions. Joint research 
facilities were established during FY2016 with the 
following Japanese universities.
(1) Hitachi Hokkaido University Laboratory(5)

The laboratory draws on regional characteristics 
that represent a microcosm of Japan to work on pre-
emptively identifying issues and conducting trials.
(2) Hitachi Kyoto University Laboratory(6)

The laboratory draws on regional characteristics with 
a long history and culture to identify challenges for as 
far out in the future as 2050.
(3) Hitachi The University of Tokyo Laboratory(7)

The laboratory is engaged in joint studies into the 
future role of Japan with reference to global social 
trends to develop a national vision.

Details of work on this objective of challenging future 
societal issues through open innovation are presented in 
the Category Overview of exploratory research.

Research & Development Group Global R&D 
Initiatives
The Research & Development Group is working on 
global R&D in accordance with trends in different 
regions (see Fig. 5).

In North America, it is working on development that 
is playing a leading role in the IoT platform business 

made scalable by separating the top-level application 
and platform.

The Category Overview of technical innovations 
describes initiatives involving innovative technologies 
that drive strategic growth in the four business sectors 
above and presents development examples in detail.

Challenging Future Societal Issues through 
Open Innovation
Open forums that cross the boundaries between 
organizations, disciplines, nations, and regions are 
essential in a time of major changes in the nature of 
the economy and society and the structure of industry 
if people are to formulate a vision for the future of 
society and work together to achieve it.

To achieve Society 5.0(a), the concept of a human-
centric smart society that combines economic growth 
with the resolution of societal problems, as laid out 
in The 5th Science and Technology Basic Plan(4) 
of Japan, the Research & Development Group is 
working on exploratory research and incubation based 
on an original vision in four categories, namely the 
information sciences, physical sciences, life sciences, 
and frontier (see Fig. 4).

Smart production 
systems

Integrated materials 
development system Global environment 

information 
platform

Smart food chain 
systems

Incubating for a Super Smart Society

Information
sciences Physical sciences Life sciences Frontier

Hospitality
systems

Resilience against 
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Infrastructure 
maintenance & renewal

Integrated community 
care systems

New manufacturing 
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Energy value 
chains

Advanced road 
traffic systems

Cabinet Office of Japan
The 5th Science and Technology Basic Plan

Super Smart Society
Society 5.0

Fig. 4—Challenging Future 
Societal Issues.
To realize the goals of Society 
5.0, Hitachi intends to engage 
in exploratory research and 
incubation based on an original 
vision in four categories, namely 
the information sciences, 
physical sciences, life sciences, 
and frontier.

(a) Society 5.0
 An initiative aimed at creating a Super Smart Society that satisfies 

its diverse needs in an efficient and personalized manner through a 
sophisticated combination of cyber and physical spaces. It incorporates 
the idea of a transformation guided by scientific and technical 
innovation to create a new type of society that will be a successor to 
the hunter-gatherer, agricultural, industrial, and information societies.
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EXAMPLES OF INNOVATIVE R&D

This issue of Hitachi Review includes 13 articles 
that present examples of innovative R&D in three 
categories: collaborative creation with customers, 
technical innovation, and exploratory research.

The first three articles deal with global collaborative 
creation with customers and describe work being done 
on the creation of solutions for energy, care cycle 
optimization, and predictive maintenance.

The next seven articles deal with technical 
innovation and describe work being done on 
technology development relating to products for 
the railway, industrial, and automotive sectors, IoT 
platforms, and reliability analytics for manufacturing.

The final three articles deal with exploratory 
research and describe work being done on research 
into innovative functional materials, area energy 
design, and regenerative medicine.

CREATING IOT PLATFORMS THAT 
ACCELERATE SOCIAL INNOVATION

The development of an IoT platform for supplying 
Hitachi’s innovations to customers in the form of 
services is important to the further growth of its 
Social Innovation Business. Hitachi will supply new 
services by using a platform based on the IoT to 
analyze customer challenges, verify value, develop 
solutions, operate, and connect to the OT or IT systems 
of customers and other partners.

Hitachi is marketing this as the Lumada IoT 
platform. The Research & Development Group is 

with reference to what is happening with the Industrial 
Internet(b). It is also developing service businesses in 
digital solution hot spots such as FinTech(c). In China 
it is picking up the pace of collaborative creation with 
customers in the industrial sector with reference to what 
is happening with Made in China 2025(d). In Asia, it is 
working on collaborative creation with customers that 
incorporates the growth in Asia, such as smart cities. 
In Europe, it is strengthening collaborative creation 
with customers on total solutions for railways and 
industrial solutions with reference to Industrie 4.0(e).

The Category Overview of collaborative creation 
with customers gives details of these new global R&D 
initiatives.

(b) Industrial Internet
 An IoT initiative led by the Industrial Internet Consortium established 

primarily by General Electric Company, a US company. Aimed at 
sectors like manufacturing, energy, healthcare, the public sector, 
and transportation, it seeks to improve productivity and cut costs by 
connecting industrial equipment to the Internet and collecting and 
analyzing data.

(c) FinTech
 A term coined by combining “finance” and “technology,” FinTech 

refers to innovative financial services and the activities involved in 
creating them.

(d) Made in China 2025
 A roadmap for the development of manufacturing industry through to 

2025 that was published by the Chinese government in May 2015. It 
focuses on next-generation IT, machine tools and robots, and aerospace 
systems, including measures for improving the nation’s ability to 
innovate and for the high-level fusion of IT and industrial technology 
with the aim of becoming a major manufacturing nation.

(e) Industrie 4.0
 An advanced technology strategy of the German government that is 

characterized as being a fourth industrial revolution. It seeks to achieve 
smarter practices and greater standardization across all aspects of 
manufacturing, including logistics, through the use of IT for things 
like machine-to-machine (M2M) communications, big data analytics, 
and the integration of manufacturing and commercial systems.

Global coordination
CSI Europe

CSI APAC CSI Tokyo CTI CER

CSI China CSI
North America

Industrial Internet
IoT platform business

Super Smart Society
Society 5.0

Industrie 4.0
Railway business

Smart cities 
in Asia

Made in China 2025

Fig. 5—Global R&D.
The CSI has facilities around the 
world and coordinates with the 
CTI and CER to build the Social 
Innovation Business in ways 
that take account of regional 
developments and customer 
needs.
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(5) Hitachi News Release, “‘Hitachi Hokkaido University 
Laboratory’ to Address Societal Issues Facing Hokkaido 
through Collaborative Creation,” (Jun. 2016), http://www.
hitachi.com/New/cnews/month/2016/06/160616a.html

(6) Hitachi News Release, “‘Hitachi Kyoto University 
Laboratory’ to promote joint-research on the ‘exploration of 
basics and theory based on an understanding of humans and 
culture,’” (Jun. 2016), http://www.hitachi.com/New/cnews/
month/2016/06/160623.html

(7) Hitachi News Release, “Establishment of the ‘Hitachi The 
University of Tokyo Laboratory’—A new initiative by The 
University of Tokyo and Hitachi to generate and realize 
visions through collaborative creation to achieve a Super 
Smart Society,” (Jun. 2016), http://www.hitachi.com/New/
cnews/month/2016/06/160620.html

contributing to the development of the IoT platform 
by developing core technologies that include analytics 
for the collection, collation, analysis, and presentation 
of data; artificial intelligence for the automation of 
optimization and decision-making; and security for 
providing safety and reassurance in both cyber and 
physical spaces. Details of this work are described 
in an article on the IoT platform in the technical 
innovation category.

Hitachi is directing the expansion and growth of 
its Social Innovation Business by working on R&D 
of these technology platforms and by working with 
customers to develop platforms.
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Category Overview

innovations, various measures will be taken such as 
the establishment of CSI APAC (Asia-Pacific) and new 
laboratories (see Fig. 1).

This article provides an overview of these initiatives 
and their objectives.

MEASURES FOR ACCELERATING 
COLLABORATIVE CREATION WITH 
CUSTOMERS

Development of Innovative Financial 
Solutions
To develop innovative solutions for financial 
institutions based on information technology (IT), 
CSI North America has established the Financial 
Innovation Laboratory for FinTech R&D in Santa 
Clara, California in the USA. The laboratory 
commenced operation in April 2016.

Hitachi has also been strengthening its involvement 
in the FinTech sector. In December 2015, the Hitachi 

CSI ACTIVITIES

HITACHI is strengthening its Research & 
Development Group to accelerate the development 
of its global Social Innovation Business. Its Global 
Center for Social Innovation (CSI) was established in 
April 2015 as an organization to advance customer-
driven global research and development (R&D) and 
deliver solutions. During FY2015, CSI was set up 
in four regions: Tokyo, North America, China, and 
Europe. In these regions, this organization has been 
promoting the activity of “collaborative creation 
with customers,” which aims at solving fundamental 
problems, by illustrating an ideal image in the future 
and identifying underlying needs by working together 
with customers. As a result, several solutions have 
been provided to improve customers’ profitability. 
In 2016, CSI has integrated its operation with the 
Front Business Units under the new organizational 
structure of Hitachi Group. So as to accelerate further 
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Mobile Cash Card Service, which provides card-
less financial transactions using a smartphone, was 
launched for financial institutions in the Japanese 
market. Furthermore, in February 2016, Hitachi was 
appointed as a board member of the “Hyperledger*1 
Project,” which is an international project for the joint 
development of blockchain technology. This project 
was set up by the Linux*2 Foundation*3, which is a non-
profit organization based in the USA. By establishing 
the Financial Innovation Laboratory in Silicon Valley 
where its IT innovations can transform the world, 
Hitachi is able to carry out collaborative creation and 
R&D activities relating to advanced technologies such 
as blockchain to accelerate solution development to 
help financial institutions redefine their operations.

Providing Digital Solutions on IoT Platforms
Similarly, CSI North America has also established 
the Digital Solution Platform Laboratory (DSPL) in 
Santa Clara, California to boost research into a core 
Internet of Things (IoT) platform on which customers 
can achieve rapid innovation using digital technology.

The timely delivery of IT × operational technology 
(OT) solutions that provide insights into customer 
operations requires a platform that can satisfy the 
three requirements of (1) rapid software development, 
including advanced data analysis, (2) flexible scalability 
to suit customer operations of different sizes, and (3) 
open connectivity for integrating a variety of sensors and 
other equipment. To achieve this, DSPL has established 
research programs that cover the cloud (enabling the 
rapid deployment of big data analytics), the next-
generation IT platforms on which the cloud is built, 
and the IoT (including edge processing). Sharing the 
same site with both the Big Data Laboratory(2), which 
opened in 2013, and the Hitachi Insight Group, which 
promotes the Lumada IoT platform business, DSPL 
is leveraging synergies to accelerate the realization 
of innovative digital solutions from North America.

Developing Smart Manufacturing Solutions
In November 2015, Hitachi entered into a collaboration 
agreement with the China Electronics Chamber of 
Commerce of the Ministry of Industry and Information 
Technology on guiding technical innovations in smart 
manufacturing and green manufacturing, two strategic 
objectives of the Chinese government’s Made in China 
2025 strategy. As part of this collaboration, related 

technologies were presented by Hitachi through an 
information exchange meeting. Other initiatives 
associated with the Made in China 2025 strategy 
included the Hitachi Technology Forum, which was 
held in Beijing, China, in December 2015. Many 
top management personnel from Chinese firms and 
experts from universities and research institutes have 
attended. All of them are not only Hitachi’s customers 
but also partners.

To boost these initiatives targeting Chinese 
manufacturing, a new facility was opened in April 2016 
in Guangzhou, the major city in the Pearl River Delta, 
a hub of manufacturing industry. This new facility 
will be utilized to conduct collaborative creation with 
customers from manufacturing in order to accelerate 
solution creation for the Made in China 2025 strategy.

Establishing CSI APAC
To date, CSI Tokyo has been responsible for 
collaborative creation with customers in the APAC 
region. In April 2016, however, Hitachi established CSI 
APAC, based primarily in India and Singapore, with 
an independent local team to promote collaborative 
creation with agility and to develop with regional 
economic growth. As a result, the Global Center for 
Social Innovation is now made up of five centers, 
rather than its previous four centers.

Based on India’s city of Bengaluru, where IT 
is advancing, IT solutions are being developed for 
the finance, healthcare, and automobile industries 
through a utilization of data science, in addition to 
the development of core technologies for software 
reliability. Hitachi is also taking advantage of the 
abundant engineering talent in India to develop system 
control technologies for the social infrastructure of 
electric power, energy, and industry. In Singapore, the 
anticipated technologies for the cities in the future are 
developed and validated by applying big data analytics 
and artificial intelligence through the utilization of 
governments’ R&D programs. These technologies will 
be scaled to Southeast Asia, and further to the global 
market. Furthermore, researchers have been assigned 
to Australia from June 2016 with the aim of exploring 
the opportunities for new business.

Advancing NEXPERIENCE for Collaborative 
Creation with Customers
To accelerate the creation of new services through 
collaborative creation with customers, CSI Tokyo has 
developed NEXPERIENCE, which is a methodology 
for co-creating innovative service businesses with 

*1 Hyperledger is a trademark of The Linux Foundation.
*2 Linux is a registered trademark of Linus Torvalds.
*3 Linux Foundation is a registered trademark of The Linux Foundation.
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customers and partners using the approach of design 
thinking. NEXPERIENCE has been advanced 
remarkably through the insights and knowledge 
acquired from the activity of collaborative creation 
with customers.

NEXPERIENCE consists of multiple approaches 
and IT tools for service idea creation and business 
model design and the space for conducting such 
activities (see Fig. 2). All of these elements are used 
to illustrate a vision for the future with customers 
effectively. NEXPERIENCE has already been applied 
to many customer collaborative creation projects in 
which the speed of new service creation and its quality 
improvement have been recognized significantly.

During FY2016, new approaches to NEXPERIENCE  
will be implemented for creating highly profitable 
digital solutions through collaborative creation with 
customers as well as solving societal challenges. 
The new approaches include discovering business 
opportunities with visualized money flow, return 
on investment model design by capturing business 
risk, and consensus design. These newly developed 
approaches will be employed by the frontline staffs 
who are promoting collaborative creation with 
customers directly in each region. From all these, 
highly profitable services will be created rapidly.

FUTURE DEVELOPMENTS

This article has described the new initiatives being 
undertaken by CSI in FY2016, in the context of both 
the knowledge acquired in its first year of operation, 

and the global changes taking place in markets 
and societies.

In the future, Hitachi intends to continue 
contributing to the resolution of global societal 
challenges amid customer and environmental changes 
by working with customers to identify challenges and 
deliver innovative solutions in a timely manner.

REFERENCES
(1)  N. Suzuki, “Sharing Challenges with Customers and 

Working together on Solutions—Global Center for Social 
Innovation—,” Hitachi Review 64, pp. 445–447 (Nov. 2015).

(2)  U. Dayal et al., “Expanding Global Big Data Solutions with 
Innovative Analytics,” Hitachi Review 63, pp. 333–339 (Aug. 
2014).

(3)  T. Ishikawa et al., “Collaborative Creation with Customers 
—Establishment of NEXPERIENCE,” Hitachi Review 65, 
pp. 832–839 (Mar. 2016).

Fig. 2—Overview of NEXPERIENCE.
Hitachi is working with customers on the rapid development of highly profitable businesses by further advancing NEXPERIENCE 
and by making it available to the frontline staffs who are engaged in collaborative creation with customers.
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circumstances in different parts of the world, there is 
a need to engage with customers in these regions so as 
to understand the underlying issues they face, and to 
work together to develop solutions to these challenges.

The UK, USA, and Japan are at the forefront 
of dealing with these issues. This article presents 
examples of collaborative creation with customers in 
these three countries in relation to the operation of the 
regional grids, transmission systems, and electricity 
retailers that make up an energy solution.

COLLABORATIVE CREATION OF A 
SOLUTION FOR REGIONAL ENERGY 
OPERATION IN UK

This section describes an example of the collaborative 
creation of a solution for regional energy operation 
in the UK, a country where the horizontal division of 
energy businesses is well advanced.

UK Market Trends
The Climate Change Act 2008, which targets an 
80% reduction in greenhouse gas emissions by 2050, 
represents a major objective of the UK government. 
Use of renewable energy sources is growing rapidly 
with the aim of achieving this target (generation 
increased by 21% in 2014 from 53.3 TWh to 
64.7 TWh)(1). Moreover, demand for electric power is 
expected to roughly double from current levels due to 
the switch from gas boilers to electrical devices such as 
heat pumps for hot water supply and heating energy(2).

INTRODUCTION

THE electric power and energy supply business has 
been approaching a major turning point in recent 
years on a global scale. Prompted by factors such 
as encouraging greater use of renewable energy 
generators, like photovoltaics and wind power, to 
help combat global warming, and changing market 
conditions for crude oil, natural gas, and other 
resources, numerous regions are making changes to 
their power generation mix.

At the same time, energy is playing an increasingly 
important role in the social infrastructure. The growing 
sophistication of supply chains has led to demand 
for security of energy supply from the standpoint 
of business continuity planning (BCP). There has 
also been considerable debate about how to ensure 
energy security.

This has led various parts of the world to seek new 
energy solutions. In developed economies in particular, 
despite the aging of the transmission and distribution 
infrastructure, planned investment based around the 
large power plants and transmission networks used 
in the past has become problematic. Along with 
distributed sources making up an increasing proportion 
of the power supply, companies are reviewing the form 
that regional energy networks should take and how to 
maintain the stability of transmission systems. Also 
on the increase are new initiatives in energy retailing, 
including the liberalization of the retail power 
market. Given the different technical and geopolitical 

OVERVIEW: While the current state of energy supply is facing a period of 
change on a global scale, the immediate issues facing each region of the 
world are different. This article presents examples of collaborative creation 
with customers in regions that are taking the initiative in dealing with these 
various issues, accompanied by an explanation of the global deployment 
strategies being pursued in each of the areas—regional grids, transmission 
systems, and retailers—that make up an energy solution. Hitachi intends to 
contribute to social innovation by utilizing the knowledge it has acquired in 
these areas to work collaboratively with customers on implementing energy 
solutions that fit the characteristics and requirements of each region, using 
a broad range of equipment and system technologies, and IT.
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The challenge this poses is the huge investment in 
generation and distribution facilities required to deal 
with demand peaks and fluctuations in the output of 
renewable energy generators.

Collaborative Creation of Solution for 
Regional Energy Operations
Hitachi, Ltd. has been working with Daikin Industries, 
Ltd. and Mizuho Bank, Ltd., under contract to the 
New Energy and Industrial Technology Development 
Organization (NEDO), on a smart community 
demonstration project in Greater Manchester, UK that 
runs from April 2014 to the end of February 2017(3), (4). 
The aims of the project are to encourage a shift to efficient 
energy use in the UK by adopting Japanese heat pumps 
with superior performance, and to trial technologies and 
systems that use heat pumps as operating reserves using 
information and communication technologies (ICT).

In addition to using heat pumps to replace gas 
boilers in public housing, the project also involves 
using remote control of individual heat pumps to adjust 
demand for electric power. Adjustments of electric 
power use by individual consumers will be bundled and 
the bulk adjustment capacity will be sold on the UK 
electricity market in the form of an operating reserve. 
The project will also verify that the use of residential 
heat storage systems and hot water tanks installed 
along with the heat pumps will prevent demand 
adjustments from interfering with consumer comfort.

Challenges for Region-wide Adoption of 
Heat Pumps
The plan to install heat pumps requires prior 
agreements with the distribution network operator 
(DNO) and related parties. While DNOs typically 
plan for the expansion of distribution infrastructure 
based on demand forecasts, the increased risks of 
overloading or voltage instabilities on the distribution 
grid that can come with the widespread installation 
of heat pumps create a need for heavy investment in 
measures to prevent this. This, in turn, creates a need 
for techniques that can minimize the requirement for 
additional distribution facilities when large numbers of 
heat pumps are installed, such as aggregation services 
that control the overall heat pump load.

Heat Pump Installation Solution
In response, Hitachi has developed a prototype virtual 
power plant (VPP) control system for minimizing the 
effect on distribution facilities of installing heat pumps 
(see Fig. 1). The system uses predicted heat pump 

demand to determine the potential for overloading 
or voltage instabilities on the distribution grid and 
to optimize the day-ahead operation plan for the 
heat pumps. In addition to minimizing the additional 
facilities required to handle the heat pumps by 
operating in accordance with this plan, the demand 
predictions also provide a basis for facilities expansion 
to be undertaken with a high degree of certainty.

Hitachi is using the UK project to assess the 
benefits of regional energy management.

COLLABORATIVE CREATION OF A GRID 
STABILIZATION SOLUTION FOR NORTH 
AMERICA

This section describes the challenges faced by 
distribution companies in North America and an 
initiative based on collaborative creation with 
customers that is designed to solve these problems.

Challenges for Electric Power Distribution in 
North America
In North America, factors such as the aging of electric 
power distribution infrastructure and the rising 
incidence of outages caused by natural disasters, 
etc. have created a need for measures to prevent 
major blackouts. With the 17% increase in the use 
of renewable energy in 2014(5), the operation of 
transmission grids is being complicated by output 
fluctuations, and investment in grid analysis is rising.

As a response to these challenges, Hitachi is 
offering a remedial action scheme (RAS) based on 
an integrated grid stabilization system and a decision 
support system (DSS) for grid operators.

Coordination Control commands

Communication 
equipment

Target 
region

DER

DMS

VPP control system

Distribution grid

Substation

Grid 
support

Market 
transactions

Fig. 1—VPP Control System.
The VPP control system performs integrated management of the 
distributed energy sources in a target region to enable market 
transactions and grid support.

VPP: virtual power plant   DER: distributed energy resources  
DMS: distribution management system
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Overview of RAS and R&D Project with BPA
The RAS is a mechanism for automatically 
implementing predefined stabilization control 
measures in response to indications of a grid fault, 
in accordance with operating practices stipulated by 
the North American Electric Reliability Corporation 
(NERC). Offline RAS systems, which rely on 
control parameters being determined in advance by 
grid analysis, are used at numerous electric power 
companies. In contrast, Hitachi has experience in 
Japan using online RAS, meaning that grid protection 
measures are calculated in real time. Hitachi has 
undertaken joint research and development (R&D) with 
the Bonneville Power Administration (BPA) aimed at 
deploying the solution in North America. This R&D 
has involved developing a prototype of the online RAS 
system to enable the quantitative analysis of system 
viability, operational cost savings, and other factors 
based on grid data supplied by BPA. The quantitative 
analysis considers issues such as increases in the 
number of calculation parameters due to differences 
in operating practices and grid configuration between 
Japan and the USA, and measures for dealing with 
forms of instability specific to individual grids. Hitachi 
intends to continue engaging in collaborative creation 
with customers in North America in the future.

Overview of DSS and Mini-control Room 
Demonstration
The importance of monitoring and control of 
widespread instabilities in the electric power grid has 
been recognized since the major Northeast Blackout of 
2003 in North America, and regional grid monitoring 
and control systems that use phasor measurement units 
(PMUs) have increasingly been installed, particularly 
in the USA. PMUs use the global positioning system 
(GPS) to synchronize measurements over a wide 
area to provide more accurate monitoring of what 
is happening on the grid, using voltage, current, 
and phase data acquired at a rate of 30 Hz or more. 
According to the North American SynchroPhasor 
Initiative (NASPI), there were approximately 2,000 
PMUs installed in North America as of 2015(6). 
While applications for monitoring wide-area power 
fluctuations have been developed using realtime PMU 
data, debate is only just getting started on how to use 
the tens of terabytes of data being collected annually 
by each electric power company.

The authors have developed a prototype DSS 
for grid operators through discussions with North 
American utilities that operate PMUs at forums such 

as NASPI(7) and the Center for Ultra-Wide-Area 
Resilient Electric Energy Transmission Networks  
(CURENT)(8) (see Fig. 2). Based on the concept 
of using accumulated PMU data and operational 
knowledge, the system performs high-speed searches 
of operational logs and similar past cases from the 
characteristics of grid fluctuations identified using 
online PMU data. Using an ultrafast database engine*, 
it takes only a few seconds to present operators with 
recommended actions gleaned from 18 TB of stored 
PMU data.

To expedite the deployment of solutions that use 
this new technology, Hitachi has provided a space for 
collaborative creation with customers at the Santa 
Clara office of Hitachi America, Ltd. and has set up 
a “mini-control room” demonstration of the DSS 
solution that combines online grid monitoring, event 
detection, high-speed similar case searches, and grid 
simulations (see Fig. 3).

The demonstration is used to show customers a 
DSS solution that combines Hitachi’s information and 
operational technologies, including grid analysis and a 
high-speed database. In the future, Hitachi plans to use 
it for R&D that is better-tailored to customer needs, 
while also obtaining feedback on its use on actual grids 
by marketing it to North American power companies.

Event detection screen Operation support screen

Provided 
stabilization 

options

Similar case 
search

Online event 
detection

Hitachi Streaming
Data Platform

PMU PMU

Hitachi Advanced
Data Binder

DSS

Fig. 2—DSS Overview.
The system uses instances of instability detected from online 
PMU data to search for similar cases in the historical data 
stored in Hitachi Advanced Data Binder, and provides operators 
with options for stabilization.

DSS: decision support system   PMU: phasor measurement unit

*  Utilizes the results of “Development of the Fastest Database Engine 
for the Era of Very Large Database and Experiment and Evaluation of 
Strategic Social Services Enabled by the Database Engine” (Principal 
Investigator: Prof. Masaru Kitsuregawa, The University of Tokyo/
Director General, National Institute of Informatics), which was supported 
by the Japanese Cabinet Office’s FIRST Program (Funding Program for 
World-Leading Innovative R&D on Science and Technology).
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EFFORTS INVOLVING ELECTRICITY 
REFORMS IN JAPAN

This section explains the challenges facing businesses 
involved in selling electric power to consumers in 
Japan where market reforms are ongoing, and it also 
describes efforts being made through collaborative 
creation with customers to overcome these challenges.

Challenges for Electricity Retailers in Japan
The April 2016 full liberalization of the electricity 
market in Japan extends to all markets, including 
households and other low-voltage consumers. 
This liberalization will be followed in 2020 by the 
unbundling of generation and distribution, meaning 

that retailers and generators will be prohibited from 
also operating a transmission business. These changes 
have led to a large number of participants announcing 
plans to enter the retail market to sell electric 
power to consumers. An issue for retailers that are 
independent from transmission operators is managing 
supply and demand in a way that allows them to 
procure generation capacity in accordance with the 
new planned electricity balancing rules on electric 
supply utilization, and to operate commercially by 
setting prices that are competitive with those of other 
suppliers (see Fig. 4).

Collaborative Creation with Customers 
on Supply-Demand Management Using 
Demand Cluster Analysis
The accurate assessment of demand trends is important 
for overcoming challenges and succeeding against the 
competition. Hitachi has developed its own demand 
cluster analysis technique that uses data on actual 
demand to reliably identify its characteristic patterns 
(see Fig. 5). A supply-demand management solution 
is provided to support a variety of business activities 
by predicting demand based on these demand 
patterns. Hitachi’s efforts involved in providing this 
solution include building a test system for engaging 
in collaborative creation conducting technical trials 
with customers.

The new demand cluster analysis technique 
analyzes demand trends to enable more effective sales 
and marketing along with accurate demand prediction 
and optimization of electric power procurement. 

Fig. 3—Mini-control Room Demonstration.
The mini-control room is used to demonstrate a DSS solution 
that combines online grid monitoring, event detection, high-
speed similar case searches, and grid simulations.
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Fig. 4—Role and Positioning of 
Electricity Retailers in Japan’s 
Fully Liberalized Power Market.
In addition to acting as points 
of user contact for retail power 
operations, electricity retailers 
will need to partner with general 
transmission and distribution 
system companies and industry 
bodies such as OCCTO, as well 
as to predict demand, procure 
power, and set retail prices as 
they see fit.
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CONCLUSIONS

This article has presented examples of collaborative 
creation with customers in regions that are taking the 
initiative in dealing with the issues surrounding the 
three areas—regional grids, transmission systems, and 
retailers—that make up an energy solution. Hitachi 
intends to contribute to social innovation by utilizing 
the knowledge it has acquired in these areas to work 
collaboratively with customers on implementing 
energy solutions that fit the characteristics and 
requirements of each region, using a broad range of 
equipment and system technologies, and IT.
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The information quantity bases deal with inter-
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the supplied test data, verify the accuracy of demand 
prediction using various different time periods and 
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the effectiveness of solutions.

FFT: fast Fourier transform

Fig. 5—Demand Cluster 
Analysis Technology.
The technology analyzes 30-min 
power data values (load curve) 
of a large number of users, 
generates similar clusters from 
demand patterns, and performs 
profiling.
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from the viewpoint of big data, with a particular focus 
on what is happening in Europe and the USA, which 
lead the world trend in healthcare services.

TRENDS IN THE HEALTHCARE SECTOR

Circumstances Surrounding Healthcare 
Services
The approximately 6,000 hospitals in the USA 
together have around one million patient beds, and 
are paid approximately $110 billion in healthcare 
costs. Among these, Accountable Care Organizations 
(ACOs), defined as “groups of hospitals, clinics, 
and other care facilities that have responsibility 
for healthcare in a region,” that operate under an 
incentive arrangement whereby they cooperate with 
each other and are permitted to keep a portion of the 
savings if they succeed in keeping the total increase 
in healthcare costs below a budgeted amount. Partners 
HealthCare, for example, earned approximately $29 
million in 2012 from the Centers for Medicare & 
Medicaid Services (CMS), a public health insurance 
organization in the USA. On the other hand, there is 
also a mechanism that metes out penalties if they fail 
to guarantee healthcare quality, for example, if the rate 
of readmissions within 30 days is above average or 
the public insurance reimbursement rate goes down, 
and this trend is expected to continue regardless of the 
political administration.

INTRODUCTION

WITH healthcare costs increasing at an accelerated 
pace around the world, how to control costs while 
at the same time maintaining people’s health is a 
common societal challenge. Different countries 
are making various attempts to solve this problem, 
with 50% of the payments under Medicare, a public 
insurance scheme, said to be changed to value-based 
payments (payment based on outcome) by fiscal 
year 2018 in the USA. The National Health Service 
(NHS) in the UK, meanwhile, is seeking to prevent 
unbridled increases in healthcare costs by adopting 
a system under which each geographical region is 
responsible for managing its own budget. This has 
created an environment in which what is needed is a 
population health management approach that seeks 
to improve outcomes, including prevention and 
convalescence, not only at one hospital, but also in 
the entire medical district.

Meanwhile, the business of pharmaceutical 
companies is being significantly impacted by the 
stringent cost-effectiveness appraisals to which their 
drugs are now subject.

This article considers how to meet the societal 
challenge of combining improved outcomes with 
control of healthcare costs as well as what will happen 
to the various healthcare service providers in the future 
and what Hitachi has to offer, looking at these questions 

OVERVIEW: The healthcare industry is undergoing reforms with numerous 
initiatives being undertaken to control healthcare costs without compromising 
the quality of care. These initiatives include a shift to healthcare cost 
payments based on outcomes under the concept of value-based healthcare, 
the allocation of public healthcare budgets to medical districts, and stricter 
evaluation of the cost-effectiveness of drugs. Healthcare reform requires 
supplying optimal care in ways that consider the entire medical district 
by integrating and analyzing data from across the care cycle. Collected 
medical data can be used to identify subpopulations within which drugs 
have heightened efficacy and to assess the cost-effectiveness of drugs, and 
also to transform the value chains of pharmaceutical companies. This article 
describes the challenges in the healthcare sector that can benefit from data 
analytics as well as the digital solutions and collaborative creation with 
customers being promoted in different regions for solving these challenges.
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Circumstances Surrounding Pharmaceutical 
Companies
In terms of pharmaceuticals, the pursuit of cost-
effectiveness is becoming increasingly severe. 
In the UK, for example, certain drugs with poor 
cost-effectiveness have been appraised as “not 
recommended for reimbursement” by the National 
Institute for Health and Care Excellence (NICE) 
despite receiving regulatory approval. Japan, 
meanwhile, introduced cost-effectiveness appraisals 
on a trial basis in the FY2016 revisions to its medical 
payment system.

Given these circumstances, it is no longer enough 
for pharmaceutical companies simply to persuade 
doctors to prescribe their drugs. In particular, the 
more expensive the drug, the more important it is that 
they also provide support to ensure that treatments are 
administered to patients correctly. This is because of 
the potential for a drug to lose its recommended status 
if it shows inadequate effectiveness in its statistics, 
whether that is due to it not being taken or due to 
it not being taken correctly and thereby losing its 
effectiveness.

In developing drugs, it is thought that the 
development of “blockbusters” (drugs that can be 
expected to be effective for large numbers of patients) 
will become more difficult in the future. Rather, 
the likely direction in the future will be toward 
precision medicine, which requires the development 
of targeted drugs, where diagnostic and therapeutic 
drugs are developed in tandem, or where the clinical 
trial process includes identifying the groups of 
patients for which a particular drug can be expected 
to be effective.

Another likely future development will be an effort 
to shift away from the business of treating disease, 
toward the business of preventing it. One example is 
the French company, Sanofi, which has a main focus 
on diabetes and is attempting to redefine itself from a 
pharmaceutical company to a healthcare company by 
adopting an approach to patients that incorporates IT 
and collaboration with other industries. This includes 
care management services for diabetes.

CHALLENGES IN THE HEALTHCARE AND 
PHARMACEUTICAL SECTORS

This chapter considers the respective challenges facing 
the healthcare and pharmaceutical sectors as they 
respond to these circumstances from the viewpoint 
of data utilization.

Healthcare Sector
One quarter of the people enrolled in Medicare, the 
USA’s public health insurance system for the elderly, 
have five or more chronic conditions, make an average 
of 13 doctor visits each year, and are prescribed 50 
different types of drugs, with more than 13,000 
different types of drugs prescribed in total. Given this 
environment, it is difficult for doctors to determine, 
on their own, which treatments will provide the best 
possible outcomes without harmful drug interactions, 
and there is a recognized need for clinical decision 
support systems (CDSSs)(1). Not only in the general 
treatment, but also in specialist care such as oncology 
care, it is anticipated that the use of CDSSs will 
grow strongly in the future because of the need to 
determine which treatments will best suit individual 
patients (whether chemotherapy, radiotherapy, or 
a combination of the two will give the best results, 
what sort of anti-cancer drug to use, what sort of 
radiotherapy system to use, etc.).

Improving patient outcomes requires that the right 
decisions be made when patients are admitted to the 
hospital, such as which ward they should be sent to 
and what sort of care they should receive, and also 
when they are discharged, including not just whether 
discharge is appropriate but also the sort of follow-up 
care they will require. To be effective, this requires 
that decisions be based not only on the hospital’s own 
data, but also on the integration of a wide variety of 
data from all stages of the care cycle, which extends 
from prevention to treatment and convalescence. All of 
these are aimed at guaranteeing a favorable outcome.

Under circumstances where healthcare costs are 
becoming less fee-for-service-based, one way for 
medical institutions to improve their profits is to improve 
their business efficiency. Rather than simply presenting 
business key performance indicators (KPIs) as in the 
past, there is a demand for analytics that can specifically 
give achievable guidelines such as how to improve bed 
occupancy or shorten waiting times. Achieving this 
requires a wide variety of information, including local 
health statistics and data on the frequency of emergency 
patients, as well as staff and equipment scheduling 
information. In the USA, where the income per bed 
is over a hundred million yen per year, improving bed 
occupancy has a very significant impact on business. In 
other words, analytics directly affects the bottom line.

Pharmaceutical Sector
The major changes relating to data in the 
pharmaceutical sector have to do with the availability 
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of medical data. Whereas past practice was to apply 
standardized medical statistical analysis to data from 
clinical trials collected in accordance with strict 
protocols, now that large volumes of medical data 
are becoming available, there is also the potential for 
obtaining valuable information using a large volume of 
medical data that were not necessarily recorded for the 
purpose of analysis, such as marketing, discovery of 
new drug efficacy, characterizations of subpopulations 
in which drugs are especially effective, and signs of 
adverse events. And, by integrating these data with data 
from medical accounting systems, cost-effectiveness 
analysis is also possible.

Furthermore, in cases where pharmaceutical 
companies are seeking to enter the business of 
preventing disease, as described above, there is 
a need for more effective planning for disease 
prevention, such as by determining people’s health 
status by analyzing data from lifelog devices, or 
by building patient disease progression models 
that model their progression from being healthy to 
having a disease, and using the models to determine 
appropriate interventions. In that case, since it is 
necessary to provide predictions that match reality, 
including complications, it will require analytics that 
integrate data from when patients were healthy, such 
as screening data, and also healthcare-related data, 
such as receipts.

Analytics for Care Cycle Optimization
When viewed from a patient’s perspective, the 
analytics referred to in the two sections above present 
the optimal services the patient should receive at 
various points in time, from before becoming 
ill, during treatment, and after recovery. And, 
when viewed from a healthcare service provider’s 
perspective, it indicates what kinds of services are 
suitable for patients with what kinds of conditions, 
through all stages, from preventive services to acute 
care and convalescence care. In this way, the analytics 
provided by Hitachi are intended to optimize all stages 
of the care cycle by supporting appropriate decision-
making at each stage.

Table 1 shows some examples. The themes listed 
for pharmaceuticals are positioned as treatment-
related. Unlike the visualization of management 
indicators provided in the past, these analytics give 
achievable measures based on prediction, and impact 
the quality and management of work at medical 
institutions and pharmaceutical companies. While 
estimates of the scale of business in North America 

for analytics services that operate at this level is said 
to range widely, from about 500 billion yen to about 
two trillion yen in 2018, the business opportunities are 
expected to be large, in either case.

DIGITAL SOLUTIONS FOR ACHIEVING 
CARE CYCLE OPTIMIZATION

Rapidly Supplying High-quality Solutions
While working on collaborative creation with 
customers, Hitachi has also been looking for the 
policies that customers need to better and more rapidly 
solve these challenges. This chapter uses concrete 
examples to describe the bottlenecks Hitachi has 
identified through its demonstrations of processes up 
to now and how to solve them, looking at the problem 
from the perspective of supplying analytics services 
to customers. The challenge of predicting the risk of 
readmission within 30 days, an important theme in the 
USA, is used as an example.

When a patient with a particular condition is 
discharged, medical institutions want to know, as 
accurately as possible, what the probability is that the 
patient will be readmitted within 30 days. Patients 
with a low risk of readmission can be discharged to 
their home or outpatient care, but, those with a high 
risk of readmission need to be kept in the hospital for 
necessary treatment or be monitored after they are 
discharged. When the precision of prediction is low, 
there are more readmissions and reimbursements can 
be penalized.

TABLE 1. Examples of Analytics for Care Cycle Optimization
The table shows examples of challenges that people have sought 
to solve by applying analytics to medical data in both the 
clinical and pharmacological fields.

Field Challenge and its significance

Clinical 
care

• CDSS for oncology care
It improves patient outcomes by selecting the optimal 
treatment.

• Predicting risk of readmission within 30 days
Hospitals are subject to public insurance penalties that 
can add up to hundreds of millions of yen or more if 
readmission rates are worse than average.

• Improving bed occupancy rate
In a 1000-bed hospital, a 1% improvement can increase 
income by one billion yen or more.

Pharma-
ceuticals

• Marketing
It can be used for development and sales strategies by 
providing information on disease distributions.

• Patient stratification
It reduces waste and improves drug development 
efficiency because efficacy can be confirmed from early 
in development. It can significantly reduce development 
costs by reducing the number of patients in costly phase 3 
clinical trials.

CDSS: clinical decision support system
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As it is not self-evident which data need to be 
considered when building a model to try to solve 
this kind of problem, the first step is to collect data 
from hospital systems. Hospitals have many systems, 
and while these contain so-called structured data 
recorded in electronic medical records, the collection 
of these data requires processing, such as assigning 
standard codes to convert hospital-specific local codes 
into standard codes, and correcting data errors and 
omissions. However, these steps were also required for 
data analysis up to now and are performed routinely.

On the other hand, in terms of useful resources 
for creating good prediction models, there are 
many kinds of reports such as physical findings on 
admission and nurse notes that are written in freely-
entered text. This unstructured data accounts for 60 
to 80% of hospital data and, having found through 
conversations with customers and analytical case 
studies that this kind of data is extremely important, 
Hitachi used natural language processing technology 
to extract information, and to capture information 
through integrated processing of the structured data 
and text data.

From the data extracted in this way, it is possible 
to extract an analysis dataset matching the hypothesis 
of analysis, to select the items to use as variables 

with artificial intelligence (AI) technology such as 
machine learning, etc. from the hundreds of thousands 
to millions of data items about the patients in the 
dataset, and finally, to create a model (see Fig. 1).

The series of processes up to this point is thought 
of as the “data refinery” required for creating models, 
and the last two processes are the exact reason why 
building complex models is so difficult. For analysts 
to extract the dataset and select items while at the 
same time making sense of the relationships between 
the extremely large number of items is an extremely 
difficult process that requires a lot of work.

Hitachi has demonstrated the ability to reduce 
the load on analysts in the process of extracting the 
dataset and selecting items by using a technique(2) that 
utilizes medical knowledge to embed relationships that 
can potentially be considered in the analysis into the 
medical data beforehand, and to use this embedded 
knowledge to develop prediction models that have 
higher precision than those in the past(3).

Since the technique can reduce the time and effort 
required for building models to several tenths or less 
compared to past practices, particularly in cases like 
this where the number of data items to be considered 
is large, it is possible to refine models by repeating the 
hypothesis testing process over and over again.
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Fig. 1—Approach to Solving Challenges Based on Medical Data Analytics.
By embedding the relevant relationships required for analysis in the medical data, medical data analytics enables the efficient 
extraction of analysis datasets and selection of items to use as variables for machine learning.

EMR: electronic medical record
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its ability to rapidly supply advanced analytics that 
solve customer challenges, drawing on the concept of 
data refineries to unblock the associated bottlenecks of 
analytics. Hitachi also wants to continue to enhance 
the value supplied by its data analytics business in the 
healthcare sector by building up further know-how.
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As a data refinery is a common requirement for 
many forms of healthcare analytics, Hitachi hopes to 
incorporate it as part of Lumada(4), its Internet of Things 
(IoT) platform, as a function called “data refinery.”

Collaborative Creation in Different Parts of 
the World
Healthcare sector challenges are given different 
priorities depending on the region. Although the 
USA needs to consider applications for optimizing 
treatments for diseases such as cancer and heart disease, 
China has regional features such as a deep interest in 
improving the operational efficiency of its hospitals, so 
Hitachi is engaging in collaborative creation activities 
with a wide variety of medical institutions based 
on the respective circumstances of each region(5). 
Collaborative creation with pharmaceutical companies 
is also characterized by having different requirements 
for each customer, such as the different diseases in 
which they are interested. By placing the data refinery 
at the core of collaborative creation, Hitachi hopes to 
solve a variety of customer challenges.

CONCLUSIONS

Hitachi has been engaging in collaborative creation 
with customers to support the use of healthcare 
data represented by medical data to solve customer 
challenges. Even in cases where complex analytical 
models are needed, Hitachi has been demonstrating 
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followed by a proof-of-value at the customer site. To 
build these prototype solutions, we use both in-house 
CSI technology as well as technology from the Center 
for Technology Innovation (CTI). The final step is 
working with a business unit to scale the solution to 
multiple customers in the same vertical as well as to 
customers across different verticals.

INTRODUCTION

WE are at the cusp of transformative changes across 
industries, from agriculture to manufacturing, from 
mining to energy production, from healthcare to 
transportation. These transformations hold the promise 
of making our economic production more efficient, 
cost-effective, and sustainable and are being driven 
by the convergence of the global industrial system 
operational technology (OT) with the power of 
integrating advanced computing, analytics, low-cost 
sensing and new levels of connectivity information 
technology (IT). This convergence enables the creation 
of a new class of big data solutions for monitoring, 
managing, and optimizing industrial operations and 
physical systems. 

At Hitachi, we realize that there is a need for such 
solutions in the broader marketplace. We can use our 
decades of experience in equipment manufacturing 
and marry it with our expertise in analytics to bring 
unique solutions to market that solve some hard and 
important customer problems. The Global Center 
for Social Innovation (CSI) has been chartered to 
accomplish this vision. Within CSI, we have developed 
a methodology for creating new solutions that are of 
value to customers (see Fig. 1). It starts with having a 
dialogue with customers to understand their needs and 
pain-points using a design methodology. The next step 
is the development of prototype solutions and demos 

OVERVIEW: Through the proliferation of sensors, smart machines, and 
instrumentation, industrial operations are generating ever increasing 
volumes of data of many different types and our customers are demanding 
solutions that provide business value over this collected data. In our 
interactions with customers across verticals, we have discovered that there 
is an urgent need for predictive maintenance solutions that meet customer 
demands. The reason for the appeal of predictive maintenance solutions is 
their ability to increase equipment availability, reduce the cost of unexpected 
failures and make operations more predictable. Hitachi offers a portfolio 
of data analytics technologies to address predictive maintenance use cases 
in a variety of verticals and in this paper we present an overview of our 
work in this area.
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Collaborative Creation with Customers for Predictive 
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Fig. 1—Collaborative Creation with Customers for Predictive 
Maintenance Solutions.
The diagram shows the stages of the collaborative creation with 
customers methodology used to create new solutions that are of 
value to customers.
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One application area that is common across 
verticals is the area of predictive maintenance – 
the ability to do the “right maintenance at the right 
time.” This includes problems such as performance 
monitoring and modeling, maintenance analytics, and 
of course, failure prediction. Predictive maintenance 
allows operators to reduce downtime and the cost 
of unexpected failures, and increase availability, 
predictability, and confidence in their operations. For 
equipment vendors, it opens avenues for new service 
and business models.

This article presents an overview of the predictive 
maintenance technologies created by Hitachi in 
close collaboration with customers. The article 
demonstrates practical use cases and describes 
predictive maintenance solutions that will be available 
on the Hitachi Internet of Things (IoT) platform, called 
Lumada, and a common analytics framework. 

The rest of the article is organized as follows. 
The section entitled “Data Analytics for Predictive 
Maintenance,” gives an overview of predictive 
maintenance and the solutions offered by Hitachi to its 
customers. “Failure Prediction Use Cases” focuses on 
use cases for failure prediction, which is a key problem 
in predictive maintenance. “Solutions on Common 
Analytics Framework and Lumada” describes how 
to build repeatable achieve predictive maintenance 
solutions. And “Conclusions” concludes the paper.

DATA ANALYTICS FOR PREDICTIVE 
MAINTENANCE

Maintenance is a process for which the objective is 
to keep the equipment in a working, efficient and 
cost-effective condition. The maintenance process 
is conducted by performing the necessary actions 
on the equipment to achieve one or more of these 
objectives. These actions include, but are not limited 
to, inspection, tuning, repair, and overhaul of the 
equipment or its components.

Predictive maintenance is a maintenance strategy 
that depends on monitoring the condition of the 
equipment in order to determine the right maintenance 
actions that need to be taken, at the right time. Predictive 
maintenance has many advantages over other strategies 
such as corrective and preventive maintenance as it 
reduces the chance of unexpected failures, increases 
the equipment availability, and accordingly, decreases 
the overall cost of the maintenance process. 

Predictive maintenance technologies utilize one or 
both of the following.

(1) Physical devices(1) 
Physical devices that assist in the diagnosis of 

equipment conditions such as devices traditionally 
used for vibration monitoring, lube oil analysis, 
particle wear analysis, thermography, and ultrasonic 
analysis.
(2) Software technologies

Software technologies that continuously monitor 
and analyze the sensor and event data generated by 
the equipment and other physical devices along with 
maintenance and operation data. 

Software technologies for predictive maintenance 
can be further classified into: 
(a) Knowledge-driven systems

In these systems, information about conditions 
to be monitored (e.g., pre-failure conditions) are 
manually encoded by the equipment manufacturer 
or other experts in the equipment domain. This is 
the most common technology for software-based 
predictive maintenance that is usually embedded 
by the manufacturer into the control software of the 
equipment. This technology is however limited by the 
knowledge of domain experts about possible patterns 
of equipment conditions or by the sophistication 
of the physical models used at design time. For 
complex equipment, such methods fail to capture the 
interrelationships between the sub-components, and 
as a result, the actual behavior of the equipment is 
often different from physics based simulation models 
or pre-defined human generated rules. 
(b) Data-driven systems

In these systems, information about the conditions of 
interest are learned from historical sensor data and event 
logs. In comparison to knowledge-based technologies, 
data analytics have the potential of capturing complex 
patterns that are often not captured by domain experts 
during the design or deployment time. 

Data analytics technologies for predictive 
maintenance can be categorized into descriptive, 
predictive, and prescriptive. The rest of this section 
describes some of the technologies offered by Hitachi 
in each of these categories.

Descriptive Analytics
Descriptive analytics discover actionable insights from 
historical data about the operation of the equipment. 
These insights enable the maintenance personnel and 
management to improve the maintenance process, and 
eliminate inefficiencies in the equipment operation. 
Examples of descriptive analytics technologies for 
predictive maintenance are described below.
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Performance degradation detection
We initially developed this technology for a 
customer who wanted to understand the performance 
degradation of a set of equipment that had been 
in the field for close to 10 years. This involves 
detecting slow degradation in the performance of the 
equipment or its components. This slow degradation 
could be an early warning of some failure, or could 
reflect an inefficient or cost-ineffective state of the 
equipment that needs to be addressed. Our solution 
for performance degradation detection learns the ideal 
performance of the equipment from historical data 
based on predefined health indices. Health indices are 
usually defined in collaboration with domain scientists 
and then normalized using machine learning in order 
to remove the effect of load and seasonality. By 
continuous monitoring of normalized health indices, 
it is possible to detect performance degradation. This 
results in an early enough warning for the maintenance 
staff to take actions to prevent a failure or restore the 
equipment to an efficient and cost-effective state.
Maintenance effectiveness estimation
Our technology for maintenance effectiveness 
estimation depends on statistical analysis of the 
performance before and after maintenance actions(2) 
and was initially developed in close collaboration with 
a customer who had regular maintenance schedules for 
their equipment, and wanted to understand if they were 
really being effective with their practices or not. This 
analysis determines whether an individual or a class of 
maintenance actions resulted in statistically significant 
improvement of performance or not. This sort of 
analysis is very valuable to the maintenance staff. 
For example, the maintenance staff can get feedback 
about the past and ongoing maintenance actions and 
learn whether they were/are successful in keeping the 
equipment in the desired condition. By knowing that 
a particular maintenance action did not improve the 
performance of some component of the equipment as 
it was supposed to, the maintenance staff can quickly 
implement an effective countermeasure. Furthermore, 
these insights, based on actual measurements from 
the equipment, can help maintenance operators and 
their management to improve day-to-day maintenance 
actions and revise the maintenance process for a fleet 
of equipment (e.g. change the provider). 

Predictive Analytics
These technologies are mainly concerned with the 
prediction of future events such as failures, based 
on learning over historical data. Failure prediction 

is a key problem in predictive maintenance which 
belongs to the category of predictive analytics. We 
offer an extensive portfolio of algorithms for failure 
prediction that handle a variety of use cases. A detailed 
description of these technologies is the subject of 
“Failure Prediction Use Cases.”

Prescriptive Analytics
These technologies generate recommendations for the 
maintenance personnel or management that result in 
reduction of failure rates while meeting operational 
objectives. Examples of prescriptive analytics include 
the following.
Operating envelope recommendation
This technology learns, from the historical data, 
the subset of operating conditions that results in 
the reduction of failure rate while achieving the 
operational targets. (Similar approaches can be used 
to reduce the cost of operations too, but they do not 
fall under the umbrella of predictive maintenance). For 
instance, we have used correlation analysis to study 
the effect of operating conditions of heavy-duty trucks 
on their failure rates for one of our customers who 
was experiencing higher than usual failure rates and 
wanted to reduce the failure rate while maintaining its 
existing production. These correlations are then used 
to construct rules that provide recommendations to 
truck drivers on specific operational conditions such 
that the failure rate will decrease in the future. 
Maintenance optimization
As both analytics and human-based predictive insights, 
predictions, and recommendations increase, it is 
sometimes difficult for the maintenance team to know 
which maintenance action to take or to understand the 
global impact of a particular maintenance action. For 
instance, two predictors might recommend immediate 
maintenance of two distant pieces of equipment at the 
same time, which might be impossible given limited 
maintenance resources. To solve this problem, we are 
developing an overall optimization framework that 
takes into consideration the outputs of the predictive 
maintenance algorithms along with different cost 
estimates and operation constraints, and recommends 
a complete maintenance plan that results in maximum 
operation efficiency and minimum maintenance cost.

FAILURE PREDICTION USE CASES

Failure prediction is a key problem in predictive 
maintenance, and is concerned with estimating the 
likelihood that an undesirable condition or event is 
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going to happen early enough so that a countermeasure 
can be implemented to prevent the condition/event 
from happening. Failure prediction techniques mainly 
depend on encoding information about pre-failure 
conditions of the equipment and then monitoring 
real time sensor and event data searching for these 
conditions. We offer a portfolio of techniques for 
failure prediction that address a variety of use cases. 
This portfolio includes event-based, sensor-based, and 
model-based failure prediction.

Event-based Failure Prediction
In cases when collection of raw sensor data is 
expensive or infeasible, usually only event data is 
available for analysis. In these cases, time-stamped 
events are generated based on real-time sensor data 
at the equipment level and then transmitted to the 
operational database. We have developed technology 
that treats these events as long temporal sequences 
that can be mined for possible relationships using 
association rule mining(3) .

Although the initial motivation behind association 
rule mining was to analyze market basket data, 
new approaches have been developed to address 
problems in various domains such as environmental 
monitoring, bioinformatics, telecommunications, etc. 
These approaches tackle the problems such as mining 
frequent or rare patterns in temporal or non-temporal 
sequences of events. Our technology modifies one of 
the existing approaches and mines the temporal event 
sequences to find significant co-occurrences of events 

within pre-specified time windows. Once identified, 
these co-occurrences will define temporal association 
rules that can predict future failures. Then, these rules 
can be applied to the incoming events in order to predict 
the potential occurrence of failures within a time-
window that makes business sense, namely it allows 
for corrective maintenance actions. The technology 
deployment pipeline is presented in Fig. 2. 

We have applied our technology on event data 
generated by heavy mobile mining equipment 
for one of customers and some rules with the 
highest confidence from the analysis are shown in 
Table 1. These rules often provide significant value. 
For example, even in the absence of controlled area 
network (CAN) bus data from vehicles’ sensors, we 
can successfully predict engine problems based on 
the fourth rule (see Table 1). This rule indicates that 
if some equipment experiences electrical system and 
propulsion problems, then it will have engine problems 
within 10 days with 64% confidence (the pre-specified 
window length was 10 days). 

Our results on heavy mobile equipment demonstrate 
the potential of our technology for failure prediction 
use cases when only equipment event data is available.

Sensor-based Failure Prediction
Sensor measurements, when available, encode rich 
information about pre-failure conditions. First, using 
machine-learning algorithms, failure prediction models 
are generated based on the pre-failure conditions 
learned from historical sensor measurements. Next, 
these models are applied to real-time data in order to 
predict failures. Two approaches to failure prediction 
from sensor data are given below:
Failure prediction using anomaly detection
In this prediction method, models of the normal 
behavior of a group of sensor measurements are 
learned from historical sensor data, and then any 
deviations from this normal behavior are detected 
during equipment operation. The anomaly detection 
algorithm learns normal clusters of data based on 

On-demand 
maintenance

Decision making

Real-time event tracking

Event prediction

Fig. 2—Event-based Failure Prediction System.
Association rule mining over a temporal sequence is used to 
learn prediction rules for failures.

Event Description Prediction Impact Confidence

E71, E72, 
E83

Electrical system, 
Engine, Tires S23 Standby 99%

E71_A Engine S23 Standby 96%

E77 Hydraulic oil leak S23 Standby 95%

E71, E78 Electrical system, 
Propulsion E72 Engine 64%

TABLE 1. Failure Prediction Rules 
Rules for failure prediction that were learned with heavy mobile 
equipment.
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frequently in the field, Hitachi’s technology leverages 
physical models of equipment to simulate these 
failures (see Fig. 4). 

The physical models are defined using mathematical 
equations that represent the electrical and mechanical 
systems of the equipment. These models are built 
through collaboration with internal domain experts 
and through open innovation with partners. One of 
Hitachi’s partners has been PARC (Palo Alto Research 
Center), a Xerox Company, with whom it has jointly 
developed physical models of various system 
components. Moreover, Hitachi has included some 
failure modes and the degree of failure in the physical 
models. Therefore, its physical models can simulate 
data corresponding to pre-specified failure modes and 
pre-specified degrees of failure.

Having physical models, it is possible to augment 
field-generated data with simulated data to learn more 
accurate classification-based predictive models. Hitachi 
has successfully utilized its domain knowledge to create 
physical models along with data analytics to improve 
predictive maintenance algorithms in several domains.

SOLUTIONS ON COMMON ANALYTICS 
FRAMEWORK AND LUMADA

As we have seen, there is a need for different predictive 
maintenance solutions across verticals. The traditional 
approach to meeting such a need is to create bespoke 

the spacing between sensor measurements, and then 
calculates an anomaly score for each new measurement 
based on the distance of this measurement from the 
pre-learned clusters. This algorithm is suitable for use 
cases where there are a lot of sensor measurements 
related to normal operation, but not enough historical 
incidents of failures. Hitachi has successfully applied 
the algorithm to predict failures for a variety of 
customer use cases including heavy equipment such 
as generators. 
Failure prediction using classification 
In this prediction method, classification algorithms(4) 
are used to learn complex pre-failure patterns based 
on historical failure incidents. The algorithm partitions 
the historical time series data into normal and pre-
failure windows, and then derives a binomial classifier 
that differentiates between normal and pre-failure 
conditions. In comparison to the anomaly detection 
method, this method is able to recognize the particular 
type of failure, but it needs to have a sufficient 
number of samples of historical incidents for each 
failure type. This method has been quite successful 
in Hitachi customer environments. It has used this 
method, among other things, to predict failures in 
thermodynamic equipment such as chiller systems, 
and in vehicles maintained by equipment vendors 
and fleets. Fig. 3 shows a subset of sensor data used 
for predicting failures in thermodynamic equipment 
along with the probability estimated by the predictor.

Model-based Failure Prediction 
Classification-based failure prediction models require 
a number of failure instances of different types from 
historical data. In cases where failures do not occur 

Physical model

Simulation

Equipment Simulated data

Statistical model

Field data Prediction

Failure mode
Degree of failure

Fig. 4—Physical model-based failure prediction.
The physical models of equipment generate simulated data 
regarding normal and faulty behavior.

Fig. 3—Sensor-based Failure Prediction.
Sensor measurements are provided to multiple classifiers which 
calculate the probability that different failures will happen in 
the future.
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solution for the automobile industry, we could simply 
invoke the previously-built solution component. 
(3) Analytics applications in the Industrial space often 
have limited applicability and adoption because they 
are designed by and for IT experts. Our framework 
for predictive maintenance is designed to empower 
domain experts. It does this by allowing the domain 
experts to express their analytics intuition and build 
their own dashboards with a very simple user interface. 

CONCLUSIONS

In this paper we presented a portfolio of data analytics 
technologies for predictive maintenance that were 
developed in close collaboration with customers. 

Our technologies use data mining and machine 
learning algorithms to discover actionable insights 
about the history of the equipment, predict failures 
before they happen, and recommend countermeasures 
to prevent these failures from happening again. 
Our solutions are built on top of Lumada and a 
common framework that offers a library of predictive 
maintenance solution components.
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solutions from problem to problem and industry to 
industry. In contrast to this approach, we are building 
a common framework(5) and integrating into Hitachi’s 
IoT solution platform called Lumada(6) (see Fig. 5) to 
achieve a predictive maintenance framework. This 
will allow for the creation of repeatable predictive 
maintenance solutions. Our predictive maintenance 
framework is geared towards processing sensor and 
event data, and provides a rich library of predictive 
maintenance solution components. Our approach of 
having a predictive maintenance framework offers us 
several advantages: 
(1) For predictive maintenance solutions, the 
underlying architecture is often similar across verticals. 
For example, solutions need to process sensor or event 
data (or both), maintenance data, etc. Our framework 
provides the ability to manage, process, and analyze 
different types of data from structured to unstructured 
data, and from stored to streaming data. Specifically, 
it brings together data integration, advanced analytics, 
and visualization capabilities tailored to the predictive 
maintenance use cases. This dramatically reduces the 
time, effort, and money to build a new predictive 
maintenance solution. 
(2) It allows us to utilize knowledge gained in one 
domain for another domain through reusable analytics 
solution components. For example, we discovered 
that a performance degradation technology that 
we developed for chillers could also be used for 
automobiles, simply by changing the KPI. Once we 
encoded the performance degradation methodology 
developed for the chiller use case as a solution 
component, to develop the performance degradation 
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Category Overview

IT environment easier. This technology has reduced 
the labor of analyzing tasks that was previously done 
manually, and improved the accuracy of analysis. 
Since first being used in service projects in 2015, it has 
received very favorable responses from clients looking 
to gain visibility of existing systems that have become 
black boxes, and to streamline bloated systems.

Large-scale Projects (EPC/O&M Business)
Value chain building is important for the EPC/
O&M business. The Center develops and applies 
technological innovations throughout every phase 
of a project, ranging from the business proposal, to 
the detailed design, construction, and operation. One 
technology innovation project for the EPC/O&M 
business involved the operation phase of a wind power 
generation system(1) (see Fig. 1). A highly reliable 
analytics platform was developed that continually 
monitors operating environment parameters such as 
wind conditions and turbine operation status, using 
the data measured to prevent system shutdowns while 
maintaining the total power output. By increasing the 

ROLE OF CENTER FOR TECHNOLOGY 
INNOVATION

THE Center for Technology Innovation is composed of 
nine innovation centers that cover the areas of energy, 
electronics, mechanical engineering, materials, systems 
engineering, information and telecommunications, 
controls, production engineering, and healthcare. The 
Overview section of this Special Feature (The Hitachi 
Group’s R&D Strategy) covers the groundbreaking 
technologies and platform technologies that are 
driving the strategic growth of the Hitachi Group’s 
four business sectors. The Center’s mission is to 
intensively improve these technologies, while helping 
to grow the Social Innovation Business through the 
cross-utilization of the technologies developed.

TECHNOLOGICAL INNOVATIONS FOR 
CREATING PRODUCTS AND SOLUTIONS

This section presents some case studies of the Center’s 
development of technological innovations in four of 
the Hitachi Group’s business sectors, namely, system 
integration (SI), engineering, procurement, and 
construction, and operation and maintenance (EPC/
O&M), products/materials, and digital solutions.

System Integration (SI Business)
The Center’s activities in this sector consist of working 
on technological innovations to improve the efficiency 
of migrating existing systems, which is a prerequisite 
for at least 80% of system development cases. 
Accurately identifying constantly changing system 
specifications during operation has been difficult in 
the past. The Center is currently researching system 
modernization technology that facilitates the auto-
recovery of specifications from actual system assets 
(programs and logs), making migration to the latest 

Masahiro Aoki, Ph.D.

Yuichi Yagawa

Groundbreaking Technologies Underpinning the Social 
Innovation Business
—Center for Technology Innovation—

Fig. 1—5-MW Wind Power Generator Demonstration Model.
The model was installed in March 2015 for various types of 
performance and function testing.
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system’s availability factor, the project has provided 
added value through a comprehensive O&M package 
that offers predictive diagnoses of safety factors 
and remaining life of parts. A training facility for 
maintenance and inspection staff providing advanced 
maintenance service was opened in October 2016.

Products (Products/Materials Business)
The Center has made tireless efforts to continually 
develop and apply technological innovations designed 
to improve client value and quality. The rise of EVs 
to reduce CO2 emissions, and intrinsically safe 
solutions for the autonomous driving era are becoming 
increasingly important topics in the auto sector. The 
inverters that drive the motor with high torque are 
needed to achieve both a smaller size and a higher 
output, which enable them to fit into the narrow 
mounting space in a vehicle. Hitachi has developed the 
industry’s first double-sided cooling power module, 
which achieves more than five times the power density 
compared with conventional inverters(2). It has also 
developed a system that uses a stereo camera and 
multiple sensing to improve vehicle safety and smooth 
driving performance. Consumer applications of it have 
already been released by cutting-edge carmakers(3).

In the industrial product sector, the Center is working 
on augmenting motor product lineups that comply 
with the IE5, the latest and most stringent international 
energy-saving regulations for motors (which account 
for more than half of all domestic energy consumption 
in Japan), and on developing prototypes(4).

Other work includes developing additive 
manufacturing technology that uses 3D metal 
printers for high-entropy alloys with high strength 
and corrosion resistance. The technology is used for 
parts in facilities such as chemical plants. Variations in 
elemental distribution during casting have traditionally 
been a difficulty when manufacturing with high-
entropy alloys composed of multiple elements. 
Using a homogeneous distribution technology 
for high-hardness, intermetallic compounds co-
developed with Tohoku University, the Center has 
succeeded in manufacturing homogeneous parts 
with complex shapes that have 20% higher tensile 
strength and 70% higher corrosion resistance than 
parts made with conventional 3D printer-based 
manufacturing methods(5).

Automated blood analyzers need to enable 
rapid and safe blood testing. Full automation and 
anticontamination measures to protect workers from 
blood spatter are key requirements. When dispensing 

blood samples directly from blood collection tubes with 
rubber plugs, plug fragments can break off when the 
plug is pierced with a probe. The Center has developed 
a probe structure that prevents plug fragments, and a 
flow that enables high-speed dispensing (7.2 second 
cycles) of fixed blood quantities. These innovations 
have resulted in the world’s fastest (500 tests/hour)* 
Hemoglobin A1c testing device without the procedure 
to open the plug of blood collection tubes (Hemoglobin 
A1c is a diagnostic marker of diabetes).

Reducing operational costs and improving 
operational efficiency are key client needs in the data 
center sector. To meet these needs, the Center has 
developed a converged platform that unifies servers, 
storage, networks, and operation management 
software(6). The platform automates the configuration 
work needed for disaster recovery (a highly demanded 
function), reducing the number of configuration steps 
by 86% to greatly reduce the time and effort needed 
for operation management.

The Center has developed a system for elevator 
overhaul projects that performs  three-dimensional 
measurement of elevator shafts, automatically 
calculates dimensions, and automatically creates 
drawings. It began operation in April 2015(7). The 
system has greatly reduced elevator downtime and 
reduced the total inspection and design time needed 
to create work estimates by over 80%.

Other work being done by the Center for the 
Products business (on modular power converters, 
autonomous driving, and railway systems) is presented 
in later articles in this Special Feature.

Social Innovation Business Driven by Digital 
Technology
The importance of the new value being created 
through the use of digital infrastructure has recently 
started to receive widespread recognition. To solve 
essential challenges facing particular clients or the 
world as a whole without easy solutions, the Center 
is combining its technological strengths in the SI, 
EPC, and Products businesses described above, with 
IT innovations for areas such as the up-and-coming 
Internet of Things (IoT) and artificial intelligence (AI).

One example is a work anomaly detection system 
for production systems that identifies work-flow-
lines from video data provided by plant surveillance 
cameras, and uses machine learning to automatically 

*   From a study by Hitachi, Ltd. in December 2015; applies to Hemoglobin 
A1c testing device with functions for dispensing from blood collection 
tubes with plugs.
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generate models of standard worker movements(8). By 
comparing these standard models to actual worker 
movements, the system can detect unusual work 
behaviors linked to product failures in real time. 
Unusual work behaviors can be detected within 1 
second and with at least 95% accuracy (see Fig. 2). 
Sales of the system to the manufacturing industry 
started in January 2016, as one of the component 
solutions in the Hitachi Total Supply Chain 
Management Solution/IoT.

The Center has also developed an AI application 
that uses business information, business results, and 
other big data gathered daily by business systems 
to gain an understanding of improvement activities 
or changes in demand at business sites, and to issue 
appropriate work instructions(9). When incorporated 
into logistics warehouse management systems and 
subjected to on-site testing to measure the efficiency of 
logistics warehouse picking work, the application has 
demonstrated a work efficiency increase of at least 8%.

This Special Feature presents work being done 
towards Hitachi’s new open IoT platform “Lumada,” 
which integrates key enabling technologies in SI, EPC/

O&M, and products in order to achieve digital solutions 
that enhance the future value of our customers.

The Center is working on breakthroughs in 
elemental technologies for analysis, measurement, 
manufacturing, and reliability, which are demands 
shared by cross-section of business sectors. This 
Special Feature also covers reliability analytics.

CONCLUSIONS

The Center for Technology Innovation will continue 
working to be an innovation partner for the IoT era, 
improving its technology platform and offering high 
added-value products and services to a continually 
changing world and clientele.
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Fig. 2—Work Monitoring Using Video Analysis Technology.
The technology identifies work-flow-lines, and detects unusual 
work behaviors in real time using automatically-generated 
models of standard movements.
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Featured Articles

including homologation for rolling stock, maintenance, 
and traffic management systems for the UK. In 
addition to promoting collaborative creation with 
customers in the Asia-Pacific region, the CSI-Tokyo 
focuses on the use of experience design techniques 
for rolling stock and information systems design and 
service design R&D.

The CTI has a proprietary technology platform 
that systematizes various fundamental technologies. 
The center is a leader in technological innovation 
for main product areas such as rolling stock, 
onboard components, signalling systems, and traffic 
management systems. It has recently been focusing on 
R&D targeting optimum control in railway systems.

Measurement, simulations, and Internet of 
Things (IoT)-related technology platforms are 
particularly important in railway research. Wind 
tunnel measurement technology is a typical example 
of a measurement technology that enables accurate 
understanding of the complex phenomena in railway 
systems. This technology enables sound source 
distribution measurement of noise generated by 
moving trains and high-precision aerodynamic 
noise evaluation. Since inspecting railways at actual 
scale spends much time and investment, computer 
simulations are a crucial tool for validating system 
concepts and optimizing product designs. Identifying 

INTRODUCTION

RAILWAY systems and services have entered the 
spotlight as solutions to the urban problems of air 
pollution and traffic congestion and, recently, also 
as a core for urban area creation and renovation. 
This article provides an overview of the research and 
development Hitachi is doing to attain ongoing growth 
toward the goal of becoming a comprehensive railway 
system integrator with a global presence.

OVERVIEW OF RAILWAY RESEARCH

Two organizations are leading Hitachi’s railway 
research—the Global Center for Social Innovation 
(CSI), which develops services and solutions tailored 
to customer needs around the world, and the Center 
for Technology Innovation (CTI), which develops 
technology-driven platforms and products.

Comprising several overseas research bases, the 
CSI promotes collaborative creation with customers 
at two sites: the London-based European Rail 
Research Centre (ERRC) and the Global Center for 
Social Innovation – Tokyo (CSI-Tokyo). The ERRC 
works closely with the London-based headquarters 
of the Railway Systems Business Unit, promoting 
collaborative creation with customers in Europe, 

OVERVIEW: With rail transport receiving attention as a solution to urban 
air pollution and traffic congestion, Hitachi is working on innovating 
railway systems and services by using measurement, simulations, and 
the IoT as platforms for improving value for railway passengers and 
carriers. In addition to working on improving the basic performance of 
major product areas such as rolling stock, onboard components, signalling 
systems, and traffic management systems, Hitachi has also recently been 
focusing on developing solutions to increase the efficiency of large-scale, 
complex railway operations such as linking wayside and onboard power, 
linking business system operations, and identifying people flow in railway 
stations. In addition, it is also working on developing its methodology 
for collaborative creation with customers, NEXPERIENCE/Cyber-Proof 
of Concept, for the railway business, accelerating collaborative creation 
with customers.
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and controlling various system behaviors in realtime 
using the IoT is an important requirement for 
optimizing railway operations.

RESEARCH AND DEVELOPMENT OF 
MAJOR PRODUCTS

Rolling Stock Systems
Rolling stock development requires an in-depth 
understanding of complex interrelated phenomena 
such as dynamics, thermal fluids, noise, and 
vibrations, however reproducing these phenomena at 
actual scale requires major time and cost investments. 
So, starting with the early phases of rolling stock 
development, Hitachi has been using large-scale 
numerical simulations (hereafter, ‘analysis’) to reduce 
the development time and cost through analysis-led 
design (see Fig. 1).

Hitachi has also developed a high-speed, low-noise 
wind tunnel specialized for railway research. It is 
designed to be used for noise evaluation, for which 
it is difficult to isolate phenomena using simulations. 
The wind tunnel has an environment that enables high-
precision measurement of noise generated from model 
rolling stock in a 420 kph air flow. Utilizing this wind 
tunnel enables pre-evaluation of exterior noise and 
aerodynamic characteristics, a crucial requirement 
for developing high-speed rolling stock (see Fig. 2).

Traction Systems/Driving Support Systems
Targeting improvements such as energy savings, 
Hitachi draws on the benefits of components such as 
silicon carbide-based low-loss power modules, high-
efficiency electric motors, and lithium-ion batteries 
in the traction systems and the control technology for 
those systems. For example, it uses detailed magnetic 
field simulations to identify harmonic magnetic flux 
distributions of traction motors, and uses them to 
develop controls designed to reduce harmonic loss.

(b) Surface pressure change analysis case study of rolling 
stock passing in tunnel

(a) Collision analysis case study of lead railcar colliding 
with collision-absorbing block

Evaluates pressure changes in rolling stock and tunnel walls

Two passing 
trains

Collision-
absorbing block

Fig. 1—Application of Analysis-led Design.
Analysis-led design enables large-scale testing to be replaced 
with precise evaluations of rolling stock characteristics, 
reducing rolling stock development time and cost.
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Fig. 2—High-speed, Low-noise Wind Tunnel.
The wind tunnel can generate air flow of 420 kph in an 
environment of low background noise.
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One example of an R&D project for driving support 
systems is an automatic parameter adjustment function 
for a train automatic-stop control system. The function 
continually applies statistical processing to the train’s 
past travel data to identify changes in rolling stock 
characteristics. The results are applied to travel control 
commands to ensure constant output of the proper 
brake commands. The function can reduce the amount 
of labor needed for initial adjustments when rolling 
stock is delivered and can maintain stopping accuracy 
during commercial train operation.

Signalling Systems
The ultimate form of signalling system is thought to 
be one in which only the equipment that is essentially 
required for train operations exchanges information 
to ensure safety. Creating this type of system can 
minimize the amount of equipment and reduce system 
life cycle costs.

Hitachi is working toward this vision by 
developing ring topology communications-based train 
control (CBTC) systems in which safety functions 
are implemented by only onboard devices and 
point machines (machines that operate the railway 
switches on the track). The train interval control and 
route setting control functions that are the core safety 
functions have previously been handled by wayside-
based equipment such as interlocking controllers and 
block equipment. The proposed signalling system can 
replace this wayside-based control equipment with 
information-sharing between onboard devices and 
point machines. In other words, safety functions are 

achieved autonomously by routing electronic messages 
containing safety information. The electronic messages 
are routed using a highly reliable communication 
protocol that ensures message uniqueness (see Fig. 3).

Traffic Management Systems
While mutual direct operation for rail transport 
improves convenience, recovering service after 
disruptions is time-consuming, and there are concerns 
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Fig. 3—Ring Topology CBTC System.
The ring topology CBTC system can provide the train interval 
control and route configuration control functions conventionally 
handled by equipment such as interlocking controllers and 
block equipment with circulation of electronic safety messages, 
enabling train control from simple wayside-based equipment.
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over deteriorating passenger service quality. Hitachi has 
responded by developing a train rescheduling assistance 
technology driven by mathematical programming.

Train running prediction is one of the technologies 
used for train rescheduling assistance. It determines 
the times of trains up to several hours in advance of the 
current time. Operators can use train running prediction 
results to anticipate service impediments before they 
occur and take precautions. Hitachi has developed a 
train running prediction technology that uses constraint 
programming (a type of mathematical programming) 
to achieve the high-speed responsiveness and running 
prediction accuracy needed for train rescheduling 
work (see Fig. 4). The technology models railway 
service conditions such as service operation, signal 
states, and train running speed in the form of constraint 
equations, enabling rapid calculation of solutions 
(predicted train times) using a constraint programming 
technique called constraint propagation.

The technology has been applied to actual railway 
routes, and is helping to ensure daily safety and 
accurate train service.

RESEARCH AND DEVELOPMENT 
FOR GREATER RAILWAY OPERATION 
EFFICIENCY

Energy Management Technology Linking 
Wayside and Onboard Systems
Efforts to reduce rolling stock operation energy 
consumption (which accounts for about 70% of 

all railway system energy consumption) have 
previously focused on reducing rolling stock weight 
and increasing traction system efficiency. Hitachi 
is looking into building on these energy-reduction 
efforts by linking onboard traction systems with 
wayside-based traffic management, substation, and 
power management information to provide detailed 
instructions for operations such as departure deferral 
or coasting, based on real-time travel conditions.

Hitachi’s railway total simulator is the technology 
that assists the core of this energy management 
technology (see Fig. 5). The simulator links major 
subsystems such as rolling stock, signalling, traffic 
management, and feeding systems in a common 
framework to enable evaluation of indicators of energy 
consumption and other parameters from individual 
subsystems up to the entire system.

Railway Station People Flow Analysis 
Technology
Hitachi is researching and developing a people flow 
simulator that uses railway station user number 
fluctuations and train service conditions to predict 
railway station congestion and enable evaluations and 
proposals for improvement (see Fig. 6).

Using the interior design of stations and models 
of passenger behaviors such as embarking and 
disembarking in accordance with train movements, 
the simulator can evaluate cases such as how adding 
extra trains would alleviate congestion if a special 
event caused a spike in passenger numbers.
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Hitachi has acquired in the field of road traffic, the 
simulator successively calculates the interrelated 
effects of trains and passenger movements. Trains 
are assumed to travel according to schedules, and 
passengers are assumed to behave autonomously by 
rationally choosing travel routes in light of conditions 
such as travel time and number of transfers. The 
simulator can reproduce train services on tens of 
thousands of routes, and estimate the movements of 
tens of millions of passengers in accordance with these 
train services in 1-s increments.

Collaborative Operation Technology for 
Railway Resource Management
Hitachi is developing a collaborative operation 
technology that enables highly efficient operation by 
using the traffic management system as a hub to connect 
the other systems. For example, collaborating railway 
timetables, train allocation, and crew allocation together 
around the traffic management system as the central 
core will enable efficient use of vehicles, crew, and 
other resources when service is disrupted (see Fig. 8).

This technology will also be able to increase 
business efficiency and improve railway service 
quality by collaborating with passenger information 
systems, train driving support systems, maintenance 
systems, and various other business systems through 
the traffic management system.

Passenger Flow Analysis Technology
Hitachi is researching and developing a passenger 
flow simulator that models trains traveling according 
to schedules and passengers behaving autonomously 
to estimate flows of passengers moving in accordance 
with train service (see Fig. 7).

Drawing on the route-finding technology expertise 
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Fig. 6—One Example of Prediction Results of Railway Station 
People Flow Simulator.
The simulator enables prior studies of changes in people flows 
caused by renewal of existing stations or construction of new 
lines or stations.
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Fig. 7—Passenger Flow Simulator Functions.
The simulator can reproduce train services on tens of thousands of routes, and estimate the movements of tens of millions of 
passengers in accordance with these train services in 1-s increments.
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R&D Group is also strengthening its collaborative 
creation with customers and its technological 
innovation, and drives railway system innovation.
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ACCELERATING COLLABORATIVE 
CREATION WITH CUSTOMERS: 
NEXPERIENCE/CYBER-PROOF OF CONCEPT

Hitachi has developed a tool called NEXPERIENCE/
Cyber-Proof of Concept that assists collaborative 
creation activities. The tool is used during the initial 
phase of system investigation to share the project 
overview with the customer, along with the value the 
project provides. For the railway industry, Hitachi has 
developed a tool that combines the simulator described 
in the previous section with a business operation 
simulator. In a single snapshot, it provides an overview 
of the congestion alleviation benefits achieved by 
adding new line in a chronically-congested large 
city, along with the project’s profit comparison. The 
tool is being used to accelerate activities involving 
collaborative creation with customers (see Fig. 9).

CONCLUSIONS

This article has presented the research and development 
Hitachi has been doing that drives its innovation of 
railway systems.

With the addition of AnsaldoBreda S.p.A. (now 
Hitachi Rail Italy S.p.A.) and Ansaldo STS S.p.A. to 
the Hitachi Group in FY2015, the Group is looking 
to expand its work in the grobal railway industry. The 

(b) Share of all forms 
of public transport

(d) Cumulative 
cash flow

(c) Initial cost/
operation cost

(a) Change in 
people flow

Fig. 9—NEXPERIENCE/Cyber-Proof of Concept Screenshot.
This tool accelerates collaborative creation activities with 
customers by presenting the congestion alleviation benefits and 
profitability of laying new railway lines into large cities.
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products made by Hitachi(1)–(3). The economic growth 
of emerging economies represented by China and 
India and their increasing use of renewable energy 
have resulted in forecast annual growth rates of 8 to 
11% in the global power converter market for these 
power conversion products. Hitachi is developing a 
lineup of power converter-related products centered 
on the three axes of compact size, high efficiency, and 
high reliability, and is working to incorporate them 
further into global manufacturing in the future.

UPS is one type of power converter that is becoming 
indispensable equipment at data centers, banks, and 
other facilities. A loss of power from a power failure 
at these facilities can cause serious problems, such 
as lost customer data and aborted transactions, etc. 

INTRODUCTION

POWER converters utilizing technology that converts 
from alternating current (AC) to direct current (DC) 
power and conversion technology that does the 
reverse are used in various places in our lives, such as 
power infrastructure equipment and other equipment. 
Familiar examples include power conditioning 
systems (PCSs) for photovoltaic power generation, 
drive systems that drive motors, and uninterruptible 
power systems (UPSs) that provide backup power 
during power failures. These systems have become 
important equipment underpinning our daily lives.

Fig. 1 shows the scale of the global market for 
power converters and the power converter-related 

OVERVIEW: Recently, demands for space-saving and easier maintenance 
have been growing among the equipment features demanded by the power 
converter market. To meet these demands, Hitachi has developed excellent 
technology in the form of a modular power conversion unit that supports 
various types of power converters and uses double-sided cooled power 
modules that provide outstanding cooling performance. By using double-
sided cooled power modules, which have excellent heat dissipation and 
are smaller than conventional single-sided cooled power modules, the 
developed unit can house all of the key components needed for power 
conversion in a 55% smaller volume than conventional units, achieving 
better maintainability in a more compact size. Hitachi will continue working 
on global manufacturing, initially with UPSs equipped with this developed 
unit, and later by incorporating the unit into other power converters. 
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Modular Power Conversion Technology for Global 
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generation
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Fig. 1—Power Converter 
Global Market Scale (2014) 
and Hitachi’s Power Converter-
related Products.
The global power converter 
market is expected to continue 
growing at an annual rate of 8 
to 11%. Hitachi is expanding its 
global manufacturing of power 
converter-related products 
centered on the three axes of 
compact size, high efficiency, 
and high reliability.
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UPSs therefore need to be highly reliable, supplying 
uninterrupted power to equipment during power 
failures. With the recent rapid spread of the Internet, 
the scale and required power capacity of the equipment 
used in network environments and data centers has 
been growing rapidly. This growth has created demand 
for UPSs with excellent expandability, reliability, and 
redundancy that can be added to meet the demand or 
required scale without a power shutdown, and have 
excellent maintainability. The increasing trend of 
urban data centers in recent years has also resulted 
in demand for maximizing effective use of facility 
floor space. This trend has therefore created demand 
for UPSs that are also as compact and space-saving 
as possible.

Modular design(4) is one method for developing 
UPSs and other power converter products that satisfy 
these demands. Modular design is a block design 
theory that starts with designing a small number of 
highly interchangeable parts or units (modules) that 
can be produced on limited manufacturing equipment, 
and then combining these modules to create a wide 
range of products. This design method can be used not 
only to create products with excellent expandability 
from a small number of parts, but also to improve 
maintainability by standardizing maintenance parts 
at the same time. By using the double-sided cooled 
power module Hitachi developed in 2011(5) for 
power semiconductors (a key component of power 
converters containing UPSs), Hitachi has developed 
a modular power conversion unit with half the volume 
of conventional units. This has enabled it to reduce 
the size of key components in UPSs, while improving 
maintainability at the same time.

This article provides details of the developed 
modular power conversion unit, explains the UPSs that 
use it, and ends with a discussion of future development.

DEVELOPMENT OF MODULAR POWER 
CONVERSION UNIT

Fig. 2 shows the configuration of the main circuits 
that compose a power converter, using a UPS as 
an example. A power converter contains a power 
conversion circuit composed of a converter circuit that 
converts AC power to DC power, a chopper circuit that 
supplies power from a storage battery to a DC circuit 
inside the power converter during a power failure, 
and an inverter circuit that converts the DC power in 
the power converter to AC power and supplies it to 
the equipment being powered by the converter. The 
modular power conversion unit developed by Hitachi 
standardizes these circuits.

Fig. 3 shows the double-sided cooled power 
module developed by Hitachi. This power module 
provides excellent cooling performance compared 
to conventional single-sided cooled power modules 
by dissipating heat from both sides of the module, 
and it also has a smaller volume than conventional 

Power module exterior Internal circuit

P

N

AC

Diode

Diode

IGBT

Fig. 3—Double-sided Cooled Power Module.
This module dissipates heat from both sides, achieving better 
cooling performance compared to conventional single-sided 
cooled power modules.

IGBT: insulated gate bipolar transistor   AC: alternating current
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The converter circuit, inverter circuit, and chopper 
circuit parts above are standardized 
components in the modular power conversion unit.

Fig. 2—Main Circuit 
Configuration of Power 
Converter Using a UPS as an 
Example.
The main circuits in a UPS 
(a type of power converter) 
consist of a converter circuit, an 
inverter circuit, and a chopper 
circuit.AC: altesnating current   DC: direct current
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single-sided cooled products. Using this power module 
makes it possible to reduce the size of the modular 
power conversion unit. Developing a modular power 
conversion unit that uses double-sided cooled power 
modules requires the following three technologies:
(1) Air-cooling technology suited to double-sided 
cooled power modules
(2) Current-equalizing wiring technology enabling a 
thinner modular power conversion unit
(3) Busbar mounting technology that makes parallel 
unit placement easy

These three development technologies are 
described below.

Air-cooling Technology Suited to 
Double-sided Cooled Power Modules
The structure and cooling system of conventional 
single-sided cooled power modules are described first. 
Conventional air-cooled single-sided cooled power 
modules have a semiconductor element, lead frame, 
insulation, and base plate layers on one side, and have 
a structure that dissipates the heat generated when the 
semiconductor element operates (see Fig. 4). Fig. 4 
also shows the temperature distribution (obtained from 
a thermal fluid simulation) of a cooling system using 
a conventional single-sided cooled power module and 
air-cooling fins. This temperature distribution shows 
that heat is not sufficiently dispersed up to the edges 
of the heat-dissipating fins, and the fins have portions 

that are not being used effectively.
The double-sided cooled power modules and 

developed cooling method are described next. This 
module has a structure consisting of a semiconductor 
element surrounded on both sides by a lead frame, 
insulation, and base plate. The heat generated by the 
operation of the semiconductor element is dissipated 
from both sides of the module (see Fig. 5). As a 
result, the module reduces thermal resistance (an 
indicator representing resistance to heat conduction) 
by half compared to conventional single-sided cooled 
power modules.

To air-cool the double-sided cooled power modules, 
compact air-cooling fins able to efficiently dissipate 
heat from both sides of the power module needed to 
be developed. The fins were given an original structure 
with heat pipes that had excellent thermal conductivity 
placed on both heat-dissipating surfaces of the power 
module. Fig. 5 shows the result of a thermal fluid 
simulation for the developed air-cooling fins. The 
developed air-cooling fins disperse heat up to the 
edges and are 20% more efficient than conventional 
fins, which made it possible to reduce the volume of 
the cooling fins by about 50%.

Current-equalizing Wiring Technology 
Enabling Thinner Modular Power Conversion 
Unit
To make maintaining and adding power converters 
easy, the width of the modular power conversion 
unit itself was reduced, and the unit was given a 
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cooling efficiency
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Lead frame
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Base plate
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(A–A’ cross-section)
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Fig. 4—Structure and Cooling System of Conventional Single-
sided Cooled Power Module.
Single-sided cooled power modules only dissipate heat from one 
side. The cooling fins used with these modules have portions 
where heat is insufficiently conducted, lowering cooling efficiency.
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Fig. 5—Structure and Cooling System of Double-sided Cooled 
Power Module.
Double-sided cooled power modules dissipate heat from both 
sides. They are combined with high-efficiency fins that use heat 
pipes to enable a more compact size.
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thin structure to enable it to slide in and out of the 
front panel of the power converter. Fig. 6 shows the 
structure of the developed modular power conversion 
unit. The problem with this structure is that two power 
modules and condensers are placed in a straight line, 
making it difficult to make the distances between the 
condensers and two power modules equal. The electric 
current therefore tends to flow unevenly to the power 
module nearer the condensers. To solve this problem, 
Hitachi used electromagnetic field analysis to develop 
wiring mounting technology that equalizes the electric 
current flowing to multiple power modules by taking 
the wiring thickness into account, in addition to the 
wiring width and shape.

The measured results showed that the electric 
current imbalance of each power module was reduced 
to within 2%. This technology enabled the manufacture 
of thin units with a width of 5 cm.

Busbar Mounting Technology that Makes 
Parallel Unit Placement Easy
Thin modular power conversion units needed to 
be placed next to each other in order to reduce the 
size of the power converter. To achieve this aim, it 
was necessary to mount components in a way that 
considered not only the inverter and converter circuits, 
but also the electrical interference between the modular 
power conversion units composing the U, V, and W 
phases within each circuit.

When the operating frequency of the power 

conversion units was close to the resonance frequency 
between the units during power converter operation, 
it would result in excessive resonance current being 
generated between the units, adversely affecting 
converter operation. At the same time, the units 
needed to connect with low inductance in order to 
damp the ripple current (a high-frequency current 
in condensers), which was a factor in lowering the 
service life of condensers mounted in the modular 
power conversion units. To handle these issues, 
Hitachi used electromagnetic analysis and circuit 
simulations to develop a busbar (Fig. 7) to connect 
the modular power conversion units. The developed 
busbar damped the resonance between the units and 
provided a low-inductance connection between them, 
reducing condenser ripple current by 43% compared 
to conventional busbar connections. This technology 
enabled the use of small-capacity condensers, 
and reduced the volume needed for mounting the 
condensers by about 50%.

The developed technologies described above 
reduced volume by 55% compared to conventional 
products, enabling a thin modular power conversion 
unit with a width of 5 cm.

DEVELOPMENT OF UPS INCORPORATING 
MODULAR POWER CONVERSION UNIT

Using double-sided cooled power modules, Hitachi 
incorporated its smaller and thinner modular power 
conversion units into a large-capacity UPS. This 
UPS is a space-saving device with a 30% smaller 
size and 30% smaller installation footprint compared 
to conventional products (see Fig. 8). UPS capacity 

Condensers

Busbar wiring

Heat pipe air-
cooling fins

Double-sided cooled
power modules

Fig. 6—Modular Power Conversion Unit.
Two power modules and condensers are placed in a straight 
line, enabling a lighter weight and thinner design with a width 
of 5 cm.
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Negative pole

Modular power conversion unit
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Chopper
Converter
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Interphase busbar

Fig. 7—Mounting a Busbar that Makes Parallel Connection of 
Modular Power Conversion Units Easy.
The busbar damp the resonance between units and provides 
a low-inductance connection between units, damping ripple 
current and enabling smaller condensers.
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can be added just by connecting the required number 
of modular power conversion units in parallel. 
Furthermore, the units are accessible from the front 
panel, enabling the easy replacement of units, and they 
are also light enough to enable servicing by a single 
technician, improving maintainability compared to 
conventional products. UPS products with capacities 
of 100 to 300 kVA have been released that use the 
developed modular power conversion unit.

CONCLUSIONS

Hitachi has developed excellent technology in the form 
of a modular power conversion unit using double-
sided cooled power modules that provide outstanding 
cooling performance. UPSs that use this unit are more 
space-saving than conventional products, and offer 
improved expandability and maintainability.

Hitachi is working on incorporating the developed 
modular power conversion unit into other power 
electronics products such as PCSs and drives, in order 
to develop products that satisfy customer demands 
for high reliability, compact size, space-saving, and 
improved maintainability. Even if the modular power 
conversion unit is manufactured overseas, its modular 
design will enable easier mounting in product lineups 
and easier assembly than conventional design methods, 
and the unit’s reliability and quality will also be easier 
to maintain. Hitachi will leverage these features, 
and continue working on global manufacturing that 
incorporates this modular power conversion unit.
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Fig. 8—UPS (100-kVA Capacity) Incorporating Modular Power 
Conversion Unit.
Using modular power conversion units in this UPS saved 
30% of the space and improved maintainability compared to 
conventional products.
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four wide-angle-lens cameras to monitor the entire 
vehicle perimeter. And, an autonomous driving system 
was also tested on public roads in Ibaraki prefecture 
in February 2016 as part of the Ibaraki Project for 
Promoting Verification of Near-future Technologies. 
The system integrates external sensing technology and 
recognition and control technologies(2).

EXTERNAL SENSING TECHNOLOGY

This section presents front sensing technology, a type 
of external sensing technology that monitors the area 
in front of the vehicle.

Hitachi’s sensor configuration concept takes stereo 
cameras for front sensing as a base, supplemented 
by long-range millimeter wave radar that can detect 
vehicles over 150 m ahead. The advantage of stereo 
cameras is that they interpret the external environment 
using the same principle as the human eye, so they can 
detect the shape and appearance of any object. They 
can also acquire three-dimensional (3D) information 
and image density information at the same time, giving 
them high horizontal resolution.

Stereo Cameras
Stereo cameras use two cameras placed on the right 
and left of the vehicle and have sensors that use the 
principle of triangulation to measure the distance to an 
object based on the drift (disparity) between camera 
images of the same object (see Fig. 1). Using this 

INTRODUCTION

WITH over 500,000 traffic accidents and over 4,000 
traffic fatalities a year occurring in Japan(1), research 
and development of preventive safety systems that 
reduce traffic accidents and autonomous driving to 
replaces the functions of human drivers is becoming 
very active. The fundamental technologies needed 
to achieve highly-reliable autonomous driving are 
external sensing technology (for detecting obstacles 
around the vehicle in realtime) and recognition and 
control technologies (enabling smooth vehicle control 
rivaling human operation), and the addition of artificial 
intelligence (AI) technology will enable autonomous 
driving in more complex environments.

This article presents the work being undertaken 
by Hitachi on these fundamental technologies, which 
underpin autonomous driving.

WORK ON AUTONOMOUS DRIVING

One example of the work being done on external 
sensing technology for preventive safety systems is 
the stereo camera system that Hitachi Automotive 
Systems, Ltd., released in 2008 that enables automatic 
emergency braking and front vehicle following 
operations using only stereo cameras. Another 
example of external sensing technology development 
is the technology developed by Clarion Co., Ltd. for 
detecting moving objects around the vehicle by using 

OVERVIEW: Autonomous driving will be decisive in preventing traffic 
accidents and providing for Japan’s aging population in road traffic society, 
and companies are accelerating the pace of their technology development in 
this area to achieve autonomous driving at least level 3 by 2020 and after.
Among those companies, Hitachi is focusing on creating applications and 
products based on the external sensing technology, recognition and control 
technologies, and AI technology that will become the platform for the 
evolution of autonomous driving. This article describes examples of the 
stereo camera imaging, image recognition technology, millimeter wave 
radar, trajectory generation technology, and AI technology that Hitachi 
is applying to autonomous driving, along with the future outlook for 
these areas.
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distance information determined from the disparity of 
distances in front of the vehicle, the system interprets 
the environment in front of the vehicle by (1) detecting 
potential objects, (2) detecting the drivable road area, and 
(3) detecting distant vehicles that are difficult to detect 
by the disparity alone (described later) (see Fig. 2)(3).
Object detection
Detecting objects consists of two processes: The first 
is the disparity image (distance image) calculation 
process. A disparity image is an image that contains 
information about the disparity (distance to target 

object) of each pixel in the image. The left or right 
camera image is used as a reference image, and each 
point in the reference image is used to calculate and 
extract the corresponding point of the target objects 
captured in the other image to calculate the disparity 
of those target objects. The principle of triangulation 
can then be used to uniquely calculate the distances 
to the target objects from the disparity.

The second process performed is to group data 
about distances that are mutually close relative to the 
calculated disparity image (distance image). Since 
distance information can be acquired for the entire 
regions captured by the right and left cameras, any 
object can be detected without the need to hypothesize 
object properties such as shape. 

Fig. 3 shows object detection results and white line 
detection results superimposed on images captured 
by the stereo cameras. The target objects used for 
vehicle control are mainly vehicles and pedestrians. 
Since the system does not depend on object shapes, 
vehicle control operations such as automatic 
emergency braking can be performed if the distance 
or relative speed of any detected object is determined 
to be dangerous.
Drivable road area detection
Detecting drivable road area is described next.

This function detects the road area the vehicle is 
physically able to drive on by analyzing information 
about the disparities (distances to target objects) 

Distance

3D point

Disparity (d)

Focal length 
(f)

Focal point
Focal point

Imaging 
plane

Right cameraLeft camera

Baseline 
length 

(B)

Fig. 1—Stereo Camera Measurement Principles.
The distance to a target object is measured using the disparity 
(d) of a point captured on the same object by right and left 
cameras, the distance (baseline length) between the left and 
right cameras (B), and the camera focal length (f).

3D: three-dimensional

(1) Object detection

(2) Drivable road area detection

(3) 
Distant 
vehicle 
detection

Fig. 2—Interpreting the Environment with Stereo Cameras.
Stereo cameras use information about the distance to the 
vehicle in front, calculated from the disparity, to interpret the 
environment by (1) detecting potential objects, (2) detecting the 
drivable road area, and (3) detecting distant vehicles.

Fig. 3—Object Detection Using Stereo Cameras.
The stereo cameras can detect vehicles, pedestrians, and any 
other objects. The blue rectangles in the image indicate object 
detection results, and the red lines indicate the white line 
detection results.



428      Fundamental Technologies Driving the Evolution of Autonomous Driving

- 58 -

calculated as described above, and by calculating 
factors such as the flatness and gradient of the terrain 
in front(4). As a result, the drivable road area in front 
of the vehicle can be detected even if road boundary 
lines (white lines) have been rendered invisible by 
snow cover for example (see Fig. 4). 
Distant vehicle detection
Since the stereo cameras use the principle of 
triangulation to calculate distances to target 
objects, in principle, the precision of their distance 
measurements for distant objects is reduced when the 
distance between the two cameras (baseline length) 
is shortened. Therefore, although the cameras can 
detect objects further away, longer baseline lengths 
call for scaling down the equipment housing due 
to vehicle mounting considerations. To solve this 

problem, a distant vehicle detection process (3) is 
performed to maintain detection performance for 
distant objects even for compact stereo cameras with 
a short baseline length.

This function works by using not only the disparity 
information, but also image density information. As 
one example of that, the function uses machine learning 
to detect vehicle patterns, separating the image into a 
vehicle region and a background region, and calculates 
an indicator called the background level. The function 
uses the mutual feedback between this indicator and 
the disparity information to improve the distant vehicle 
detection performance(3) (see Fig. 5).

Together, the object detection, drivable road area 
detection, and distant vehicle detection processes 
described above enable both the automatic emergency 
braking function and the front vehicle following 
function even when using the compact stereo cameras 
developed by Hitachi Automotive Systems, Ltd. (see 
Fig. 6).

Millimeter Wave Radar
Although millimeter wave radar has lower resolution 
than optical sensors, it features a long detection 
distance and little performance degradation even when 
the vehicle’s surrounding environment is poor due to 
conditions such as backlight, low light, rain, and fog. 
There are two main types of millimeter wave radar that 
are used for vehicle environment sensing, each with 
different detection areas. One type is short-range radar, 
which detects obstacles within a short range (tens of 
meters away) over a 360-degree circumference around 
the vehicle. It is used for applications such as detecting 
passing vehicles during lane changes. The other type 
is long-range radar, which can detect obstacles at least 
200 m in front of the vehicle. It is used for applications 
such as controlling the distance between vehicles. The 
rest of this section discusses long-range radar.

Fig. 4—Drivable Road Area Detection on Snow-covered Roads.
The image shows the detection result when the road surface 
and shoulder are covered by snow. The red lines indicate the 
detected road edges. The area shaded by the blue lines indicates 
the detected drivable road area.

Background 
region

Background level 
(black: low; white: high)

Vehicle region

Fig. 5—Distant Vehicle Detection Using Image Density 
Information.
A distant vehicle is detected by using machine learning to detect 
the vehicle pattern, and separating the image into a vehicle 
region and background region.

Fig. 6—Compact Stereo Cameras.
Functions such as automatic emergency braking and front 
vehicle following can be performed even with compact stereo 
cameras.
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Long-range radar uses a high frequency (77 GHz) 
that is not used for anything other than radar, so 
the parts used in the antennas that affect the radar 
detection range are specialized and highly expensive. 
Reducing the cost of antennas while still maintaining 
high performance is therefore a challenge for long-
range radar products.

To meet this challenge, Hitachi has focused 
on reducing the size of the antenna substrate that 
determines the antenna parts costs. Fig. 7 (a) shows the 
shape of a conventional antenna (series-fed antenna). 
Multiple conductor patterns (patches) that resonate at 
the desired frequency are formed on the surface of a 
dielectric substrate, and the substrate is irradiated with 
electromagnetic waves in the direction perpendicular 
to the substrate. For example, if the beam half-width 
is 5 degrees in the vertical direction and 10 degrees in 
the horizontal direction at 77 GHz, the antenna size 
is about 19 × 47 mm.

Fig. 7 (b) shows the structure of the antenna 
developed by Hitachi. While conventional antennas 
have multiple parallel rows of patches to improve the 
antenna gain, Hitachi used the horn and dielectric lens 

to condense the electromagnetic waves emitted from 
the patches to improve the antenna gain. By using this 
structure, only one patch needs to be formed on the 
antenna substrate, enabling a significant reduction in 
antenna substrate size. The horn can also be formed as 
a single unit together with the radar housing, and the 
dielectric lens as a single unit together with the radar 
enclosure (known as the radome), minimizing the cost 
increase from adding the horn and lens.

When a prototype of the developed antenna was 
evaluated in comparison with a conventional antenna, 
its measured antenna efficiency was 1.6 times higher 
than the conventional antenna’s. Since antenna 
efficiency is proportional to antenna gain divided by 
antenna aperture area, it should be possible to increase 
radar performance while scaling down the antenna 
substrate size.

RECOGNITION AND CONTROL 
TECHNOLOGIES

Hitachi is also working on pilot research on 
technologies that will help autonomous driving 
expand from parking lots and highways, to become 
possible on local roads as well. It has developed a 
basic technology that prevents collisions at safe and 
practical speeds, and has verified its effectiveness 
in experimental vehicles. The technology works by 
measuring changes in the behaviors of pedestrians and 
other obstacles, and generating optimum speed patterns 
in realtime. In the future, it will accelerate technology 
development through repeated testing, which will help 
make autonomous driving a practical reality.

The challenge of achieving autonomous driving 
on local roads will be more complex than that on 
highways, since moving objects and various obstacles 
such as passing vehicles and pedestrians need to be 
recognized and their behaviors need to be predicted 
and evaluated while ensuring driving operations are 
safe and aligned with the surrounding traffic flow. 
Automating the high-level recognition, evaluation, 
operation and other driving processes performed by 
humans requires the ability to recognize moving objects 
and obstacles, predict changes in their behaviors, plan 
collision-preventing driving patterns based on the 
predictions, and travel at safe and practical speeds.

To create a basic technology for overcoming these 
challenges, Hitachi has developed a speed control 
technology based on behavioral change prediction, 
and its effectiveness has been verified in experimental 
vehicles. Its features are described below.

47 mm

19 mm

45 mm

Dielectric lens

Patch

Patch

Horn

Antenna substrate

18 mm

(a)

(b)

Fig. 7—Conventional Antenna Shape and the Structure of 
Developed Antenna.
(a) shows the conventional antenna shape, and (b) shows the 
structure of the developed antenna, respectively.
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REFINING AUTONOMOUS DRIVING 
UTILIZING AI

Achieving autonomous driving level 3 requires 
vehicles that can be driven autonomously in complex 
driving environments, and perform operations such 
as merging onto trafficked highways, and making 
turns at local intersections traversed by other vehicles 
and pedestrians.

In recent years, the development of vehicle control 
systems has become increasingly model-driven. In 
model-driven development, experts build control 
models that are tested repeatedly using simulations, 
and then evaluated in actual vehicles. Building and 
evaluating control models take a very long time since 
complex driving environments involve a variety of 
interrelated factors. For example, the behavior of the 
vehicle in front needs to be considered when merging 
quickly onto a highway, and factors such as vehicle 
speed, vehicle interval, and remaining passing lane 
distance need to be considered when driving in traffic.

Hitachi is working on applying its proprietary 
artificial intelligence technology known as Hitachi AI 

The basic technology Hitachi has developed 
prevents collisions with the vehicle by focusing on the 
potential method (a method used for planning robot 
movement paths) to predict the future behavior of a 
moving object from the positional relationship between 
the moving object and an obstacle. Specifically, the 
technology creates a model of the behavioral change 
of a pedestrian who avoids an obstacle such as a 
parked vehicle and changes course to a space of low 
risk potential. If the technology predicts a collision 
between the vehicle and the pedestrian, it can smoothly 
decelerate the vehicle using the optimum speed pattern 
that minimizes the change in acceleration. If safety can 
be maintained, the technology can maintain a practical 
speed without decelerating.

To verify the effectiveness of the developed 
technology, it has been tested using experimental 
vehicles (see Fig. 8). Control based on technology 
for predicting pedestrian behavior has achieved 
a practical pedestrian passing speed, along with 
acceleration (2.2 m/s2 max.) and change in acceleration 
(2.0 m/s3 max.) values conforming to good standards 
of ride comfort.

Pedestrian

Pedestrian Pedestrian

(a) Straight-line course predicted (b) Course change predicted

Pedestrian Parked vehicle

Parked vehicleVehicle in operationVehicle in operation

Predicted positions 
(5 seconds from now)

Predicted positions 
(5 seconds from now)

Deceleration 
in advanceNo deceleration

Fig. 8—Control Based on Predicting Pedestrian Behavior.
The system predicts a pedestrian course change, and decelerates in advance, before passing (top: experimental vehicle; bottom: 
predictive control information).
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While safety is the current indicator for autonomous 
driving, ride comfort indicators such as vibration and 
noise will also become important in the future. H has 
the potential to become a general-purpose technology 
that can be applied to designing these control models, 
and Hitachi will continue to study it.

CONCLUSIONS

Hitachi aims to further expand the applicability and 
reliability of the fundamental technologies presented 
in this article through experimental demonstrations 
on public roads and other types of repeated evaluation 
and testing. Using the autonomous driving systems 
resulting from these fundamental technologies, Hitachi 
will continue working to help solve such societal 
challenges as reducing traffic accidents, alleviating 
congestion, and assisting with senior mobility.
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Technology/H (hereafter referred to as H) to building 
control models. H is an AI that searches large volumes 
of complex data to automatically derive elements that 
have strong correlations to particular outcomes (key 
performance indicators, KPIs). H can be used with 
actual driving data to automatically extract control 
model candidate parameters, enabling control models 
to be built in a short period of time (see Fig. 9). For 
example, H can be used to achieve a control process 
in which the vehicle gains speed at a constant (low-
variation) acceleration until reaching the same speed 
as the other vehicles in traffic, and then maintains that 
speed while smoothly merging into traffic. To achieve 
this control process, the vehicle’s acceleration variation 
rate is used as the outcome, and parameters with strong 
correlations to this outcome are automatically extracted 
from the driving data acquired when merging. The 
control model for this process is then built by experts 
who refer to automatically extracted parameters such 
as the vehicle’s relative speed and relative distance in 
relation to the vehicles in traffic. The time needed to 
build control models is reduced by using H to extract 
candidate parameters from among a countless number 
of parameters. Currently, Hitachi is working on testing 
the practicality of this technology by acquiring driving 
data from vehicle merge operations.

Automatic
interpretation
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Fig. 9—Flow of Building Control Model Using Hitachi AI 
Technology/H.
This technology generates feature values by comprehensively 
combining driving data, and derives their relationships to 
outcomes (KPIs) as an equation.

KPI: key performance indicator
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Hitachi has responded by developing a new type of 
human-symbiotic robot called Excellent Mobility and 
Interactive Existence as Workmate 3 (EMIEW3), and 
a robotics IT platform that are designed to help create 
a new service robotics business.

This article describes the technology development 
and collaborative creation with customers Hitachi is 
engaged in to help create the new business.

ROBOTICS SOLUTIONS FOR THE IoT ERA

The arrival of the IoT era, which promotes the 
connection of things to the Internet, will enable the 
collection of all kinds of information and knowledge 
in cyberspace that will be utilized to provide services 
through the use of robots that operate in real space 
(see Fig. 1).

In other words, it will become possible to provide 
advanced services in a timely manner by using 
robots as IT system interfaces to input/output data 
and information, and using business and facility 
information about areas such as products and manuals. 
It will also become possible to provide digital solutions 
by linking systems to equipment such as surveillance 
cameras and digital signage, and by linking acquired 
data to artificial intelligence (AI) applications for 
learning and analysis.

Hitachi’s recent development work in this area has 
produced new robots and systems needed to create 
a service robotics business. The work has involved 

INTRODUCTION

WORLDWIDE expectations for robotics have been 
growing recently, with the technology viewed as a 
possible solution to societal issues such as improving 
labor productivity. The manufacturing industry 
has been using industrial robots since the 1970s, 
and recently it has been working on productivity 
improvements made possible by the Internet of Things 
(IoT). On the other hand, with Japan’s decreasing 
birthrate and aging population, improving labor 
productivity in the service industry will become an 
important issue.

Hitachi’s history of involvement in robotics started 
with servo-manipulators for nuclear power applications 
in the 1960s. The technologies it developed have 
been used in widespread applications ranging from 
mechatronics products such as semiconductor 
inspection equipment and financial terminals, to 
robots for extreme environments such as nuclear 
reactors(1). In Hitachi’s research and development 
(R&D) work, cutting-edge robotics is positioned as a 
vehicle for technology development, with technology 
development covering areas such as autonomous 
control and intelligence processing(2)–(4).

Given the societal issues of the future, the state of 
technology development, and the outlook for growth 
in the robotics business, there should be opportunities 
for innovation in the service robotics sector, an 
area that can be expected to generate new markets. 

OVERVIEW: Expectations for robotics have been increasing recently as a 
means of solving societal issues such as Japan’s decreasing birthrate and 
aging population. The IoT era will see growing potential for the creation of 
new service markets driven by robotics technology operating in real space 
using various types of information and knowledge collected in cyberspace. 
To help promote the creation of new service businesses through collaborative 
creation with customers, Hitachi developed EMIEW3 (a new type of human-
symbiotic robot), and a robotics IT platform that enables remote robot 
intelligence processes as well as remote operation monitoring and control 
of multiple robots in multiple locations. By drawing on these technologies 
and performing trials jointly with customers, Hitachi is working to create 
a new service robotics business, while aiming to provide digital solutions 
that utilize the data collected by robots.

Atsushi Baba, Ph.D.

Tatsuhiko Kagehiro, Ph.D.

Hisahiro Koshizuka
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Robotics Solutions Opening Up New Service Markets
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sharing issues with customers, creating proposals for 
solutions, and performing demonstration testing at 
customers’ sites.

First, existing robots were completely renovated 
from the basic design to ensure stable operation and 
safety at customers’ sites. In terms of systems, Hitachi 
applied a remote brain it had developed that took 
expandability into consideration early on and ran 
advanced intelligence processes such as recognition 
and communication outside the robot on the cloud, 
and then extended it to provide services that coordinate 
with business systems. It also developed a new robot 
IT platform that adds a mother brain component, 
which provides centralized operation monitoring and 
control of multiple robots in multiple locations.

Details of the development of each of these 
technologies and the work Hitachi is doing on creating 
a new service robotics business through collaborative 
creation with customers are described below.

EMIEW3: Human-Symbiotic Robot
Aiming to create service robots with versatile 
communication skills and the ability to safely coexist 
with humans, Hitachi has been working on developing 
robots that can live with humans since EMIEW was 
first announced in 2005.

The first generation of EMIEW was given a small 
footprint and a nimble, inverted two-wheel travel 
mechanism to create a design with about the same 
height and weight as a human, being able to match the 
speed of human movements in the same space. It could 
travel stably, with the wheels driven in accordance 

with the body tilt as measured by a built-in gyro 
sensor(3). These features enabled it to successfully 
complete a performance with an artist at the 2005 
World Exposition, Aichi, Japan (EXPO 2005 AICHI, 
JAPAN) held in Aichi prefecture.

To provide practical use in offices and inherent 
collision safety, EMIEW2 was given a compact, 
lightweight body (with a height of 80 cm and a weight 
of 14 kg) in a remote brain configuration. Its robotic 
functionality was made more advanced by developing 
functions such as an autonomous travel function using 
self-generated maps, an active suspension function 
enabling stable and smooth travel, a posture control 
function that predicts outside forces about to act on 
the body, a hazard avoidance function that predicts the 
risk of humans suddenly emerging from robot blind 
spots, and object recognition/search functions from 
web- or network-linked cameras.

The latest generation (EMIEW3) is intended 
for use at customers’ sites and was developed for 
safer and more stable operation than the previous 
generations. It has the same highly human-centric 
design and size as the previous generations and the 
same maneuverability, but has been given a more 
stable four-wheel travel mechanism. A topple-restore 
function has been developed, which uses the built-in 
gyro sensor to detect the robot’s posture (face up, face 
down, or lateral) after a fall and take the corresponding 
restorative action to return it to a standing posture. In 
the rare event that EMIEW3 falls over, this function 
enables it to automatically stand up by itself and return 
to the task at hand (see Fig. 2).

Robot (operating on-site)

Operation applications
Wide-area 
network

Robot IT platform (intelligence, analysis, operation)

Behavior planningDialoging

Sensing

!

Autonomous travel

Data collection/analysis

Emergency operations

Providing knowledge

Intelligence processing

Product information

Business systems

Coordination

Personnel placement

Maps

Manuals

Surveillance cameras

Fig. 1—Overview of the Service Robotics System.
A mobile on-site robot performs dialoging and sensing operations to provide various on-site services by coordinating with a cloud-
based robot IT platform and business systems.
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Remote Brain: Robot Intelligence 
Processing System
Creating human-symbiotic service robotics will 
require more advanced intelligence processing such as 
voice, image, and language processing. Remote brain-
based system configurations enable lighter robots, 
improved intelligence processing by drawing on a 
wealth of computing resources, and functions that 
can be expanded to coordinate with outside systems.

To be able to dialog in human environments, robots 
will need to recognize sounds correctly in environments 
containing various types of unwanted sounds such as 
noise and echoes. Hitachi has done previous R&D 
work on sound source separation technology that 
uses multiple microphones to remove unwanted 
sounds(6). EMIEW3 runs a 14-microphone-array 
sound source separation application on the remote 
brain to emphasize and extract the voice of only the 
speaker addressing it, enabling voices to be recognized 
correctly in noise-filled environments(5). Its remote 
brain configuration also enables system coordination 
of business information such as product catalogs and 
manuals. This feature enables drill-down question-
and-answer flows using business information to be 
generated automatically to enable dialog with humans 
with no additional effort from the robot operator. As a 
result, EMIEW3 can respond to customer issues using 
its voice dialog function (see Fig. 3).

Coordination with outside systems is the main 
benefit of the remote brain configuration. This 
feature can be used to coordinate with surveillance 
cameras. For example, a forgotten watch left behind 
in the environment can be found automatically using 
image information from multiple cameras, and the 
mobility of EMIEW3 can be used to guide the owner 
to the location(4).
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Rear camera
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Fig. 2—Overview and Features of EMIEW3.
EMIEW3 communicates with users and provides services using devices mounted in a compact, lightweight body with a height of 
90 cm, and weight of 15 kg. A topple-restore function enables the robot to stand back up by itself in the rare event that it falls.

EMIEW: Excellent Mobility and Interactive Existence as Workmate   Li-Fe: lithium-ferrite   LAN: local area network
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Fig. 3—Overview of EMIEW3 Communication Technology.
EMIEW3 can recognize human voices even in noise-filled 
environments using multiple microphones, and can automatically 
generate dialog flows from business/product information.
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Mother Brain: Robot Operation Monitoring 
System.
Once EMIEW3 services have been created and made 
available at the facilities of customers in various 
industries, it becomes important to improve the robot 
utilization rate, maintain stable operation, and ensure 
the safety nearby workers. It will also be important 
to provide services that coordinate multiple robots. 
Hitachi’s recent development work involves work 
on operation monitoring systems for centralized 
monitoring, control, and maintenance of multiple 
robots in multiple locations(7).

The benefits of using a robot operation monitoring 
system for device monitoring, remote operations, and 
data sharing are described below (see Fig. 4).

For device monitoring, there are functions that 
provide integrated monitoring of information gathered 
from robots installed in multiple locations, and from 
the remote brain, cameras, and sensors. For example, 
if a problem occurs in a robot or other devices, it 
can be immediately reported to an operator to enable 
early recovery. For remote operations, problems or 
emergencies that are detected by sensors or cameras 
can be handled by operating robots remotely from 
a monitoring/operation center, improving system 
utility through features such as recovery operations 

when problems occur, and functions for forced 
shutdown during emergencies. For data sharing, the 
results of services provided by robots for humans 
can be conveyed/shared with other robots to provide 
coordinated, seamless services from multiple robots.

WORK ON COLLABORATIVE CREATION 
WITH CUSTOMERS

To create a service robotics business, Hitachi is 
planning to initially use the business-to-business 
(B2B) format to create projects. Many customers are 
interested in robots, but do not understand how to use 
or benefit from them.

To appeal to these customers, Hitachi will use its 
NEXPERIENCE method to hold workshops with them 
to share the challenges and visions of robotics. The 
next step will be to consider a trial at the customer’s 
site. To assist this process, Hitachi created the Robotics 
Co-Creation Room, a facility for prior verification 
and prototyping of robot functions in Hitachinaka, 
Ibaraki prefecture (see Fig. 5). The facility is equipped 
with EMIEW3 and an operation testing environment, 
enabling Hitachi researchers and customers to work 
on service robotics development interactively. Trials 
can subsequently be performed at the customer’s site. 
This process will enable improvements to systems by 
incorporating the site requirements and site knowledge 
obtained from the results, which could eventually lead 
to actual service operation.

Hitachi is currently holding discussions with 
multiple customers who have demands in areas such 
as customer service, guidance, and security. They 
expect robots to have abilities such as multilingual 
dialoging, responding rapidly to new products, and 
providing the proper guidance for changes in site 
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Fig. 4—Overview of the Robot Operation Monitoring System.
The system collects information from multiple robots and 
devices in multiple locations, providing integrated monitoring. 
When failures occur, remote operation increases system utility.

Fig. 5—Robotics Co-Creation Room.
The photo shows the new Robotics Co-Creation Room created 
at Hitachi’s R&D location in Hitachinaka, Ibaraki prefecture. 
The room will be used to develop robot-driven services through 
collaborative creation with customers.
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environments. Many customers want to use robots 
to expand employee abilities, enabling any employee 
to perform advanced operations that only experts or 
other select groups of employees can perform.They 
are very hopeful that higher sales will result if they 
can raise customer satisfaction by using robots to 
supplement their business operations. Hitachi will 
continue working on collaborative creation with 
customers to try to satisfy these expectations.

CONCLUSIONS

This article has looked at Hitachi’s R&D work with 
respect to robotics and its future outlook.

New markets are about to emerge as worldwide 
advances in robots, AI, and other robotics-related 
technologies bring these areas closer to becoming a 
practical reality. Hitachi is seizing this opportunity 
to help expand its Social Innovation Business by 
providing robotics solutions for the IoT era that will 
help solve future societal issues.
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then using this knowledge to provide subsequent 
new solutions.

IoT PLATFORM PROPOSED BY HITACHI

To achieve the rapid implementation of digital 
solutions, Hitachi has proposed an IoT platform 
Lumada(1). Lumada is the common platform used to 
share the IoT solutions expertise and best practices 
that Hitachi has gained through experience over 
many years. The platform is designed to be able to 
sustainably adapt to business and technology changes 
by linking with customer and partner systems, and 
using OSS-based architectures.

Lumada architecture is comprised of a stack of 
solution functions and basic functions (see Fig. 1). The 
solution functions are a set of solution templates that 
are designed to enable the rapid implementation of IoT 
solutions for various business fields. The basic functions 
are a collection of functions that are independent of 
the business field. For example, the basic functions 
include analytics, artificial intelligence (AI), symbiotic 
autonomous decentralization, and security functions.

The next chapter presents some examples of basic 
functions derived from Hitachi core technologies: 
Pentaho software, Hitachi AI Technology/H 
(hereafter referred to as H), system virtualization, 
edge integration, and a common execution platform 
for highly reliable analytics.

INTRODUCTION

AS companies work in various ways to prepare for 
the arrival of the Internet of Things (IoT) era, Hitachi 
plans to continue strengthening its Social Innovation 
Business in the digital solutions field, which is rapidly 
growing due to IoT, utilizing digital technology that is 
open (enabling collaborative creation with customers) 
and scalable (enabling horizontal deployment).The 
Social Innovation Business aims to rapidly co-create 
solutions while repeating the processes of issue 
analysis, hypothesis creation, prototyping, and value 
testing together with customers.

DIGITAL UTILIZATION IN SOCIAL 
INNOVATION BUSINESS AND ITS 
CHALLENGES

In addition to the information technology/operational 
technology (IT/OT) systems that belong to customers, 
an open IoT platform that can be linked to partner 
IT/OT systems and open source software (OSS) 
communities and can securely provide high-value 
digital solutions will become important for rapidly 
co-creating solutions with customers while repeating 
processes from issue analysis to value testing.This will 
require the ability to grow along with the customer by 
accumulating knowledge obtained from the processes 
of hypothesis testing and provided solutions, and 

OVERVIEW: The IoT platform business has been centered in the USA 
until recently, with the mainstream type of businesses providing solutions 
for making effective use of equipment by collecting the equipment’s data 
in the cloud, and analyzing them. However, just analyzing a company’s 
own equipment data may not always be enough when attention shifts to 
solving the customer’s management challenges. It should also try to connect 
various kinds of IT/OT systems encompassing existing and other companies’ 
products, and feed the analysis results back into site operations to help 
improve overall efficiency. Hitachi has proposed an IoT platform with the 
features needed to achieve these goals. This article mainly presents the 
architecture of this IoT platform and the basic function groups comprising 
it. It also discusses the work Hitachi is doing with respect to security, an 
area that will become increasingly needed in the years ahead.
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BASIC FUNCTIONS COMPOSING THE IoT 
PLATFORM

Analytics: Pentaho Software
Analytics is one of the basic functions in the Lumada 
IoT platform, and requires two functional elements: data 
collection/integration and data analysis/visualization.

For data collection/integration, it must be easy 
to connect to commercial databases, files, and web 
systems used by various IT/OT systems. To ensure 
data integration processes are done efficiently, libraries 
for various data processes such as name aggregation, 

interpolation, and filtering must be provided that can 
be easily combined and used. To enable efficient 
processing of data from the recently increasing number 
of various sensors and devices, it must also be easy to 
link to big data processing platforms such as Hadoop*1 
and Spark*2.

For data analysis/visualization, online analytical 
processing (OLAP) functions must be provided that 
can analyze integrated data from various perspectives 
such as region, time, and product, and it must be easy 
to link with statistical analysis tools such as R and 
Weka. To output the analysis results so they are easy to 
read, a dashboard with various visualization libraries 
such as pie charts and graphs. should be provided, the 
results should be customized to match the customer’s 
environment, and they must be easy to bidirectionally 
embed with the customer’s existing visualization tools.

Pentaho software(2) is analytics software that 
provides two functional elements, data collection/
integration and data analysis/visualization, and 
has a graphical user interface (GUI) that enables 
program-free development and execution of all 
processes ranging from data collection/integration 
to analysis/visualization, just by plotting data flows 
(see Fig. 2). Being used by over 1,500 companies 
in 180 countries worldwide, it is an OSS-based 
product with an operation track record of over 10,000 
production systems. Its strength lies in its ability to 
link with dozens of partner products that provide data 
processing, analysis, and visualization functions.

Lumada IoT platform

Solution functions

Basic functions

Power / 
Energy

Industry / 
Distribution / 

Water
Urban

Finance / 
Public / 

Healthcare

Analytics
Arti�cial 

intelligence
Hitachi AI

Technology/H

Symbiotic 
autonomous 

decentralization
Security

IT, OT, IoT

Fig. 1—Lumada IoT Platform.
Lumada is composed of solution functions and basic functions. 
The solution functions consist of solution templates, and the 
basic functions consist of Hitachi core technologies that are 
highly reliable and have been previously implemented.

OT: operational technology   IoT: Internet of things

*1 Hadoop is a trademark of The Apache Software Foundation.
*2 Spark is a trademark of The Apache Software Foundation.

Developer

Data forming/processing
Multiple-perspective 

data de�nition

Web analysis screen (portal)

Developer Business
user

Application 
data Pentaho data integration

(data integration platform)
Pentaho business analytics

(data analysis/visualization)Data warehouse
(data for analysis)

Data integration (collecting, forming, processing) Modeling Information usage

Sensors

• OLAP analysis
• Dashboard
• Standard reports

Fig. 2—Overview of Pentaho Software.
Pentaho software is composed of Pentaho data integration (for collecting and integrating data), and Pentaho business analytics (for 
analyzing and visualizing data).

OLAP: online analytical processing
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AI: Hitachi AI Technology/H
In terms of artificial intelligence, one of the Lumada 
IoT platform’s major basic functions, Hitachi is 
developing H, which automates optimization and 
decision-making(3). Using a variety of mixed numerical 
data as input, H is characterized by recursively deriving 
models related to outcomes such as performance and 
productivity from large-scale data. It is designed for 
data-driven modeling of outcomes instead of building 
up and precisely modeling business processes.

Inside H, comprehensive combinations of input 
data are generated to produce a massive volume 
of combination feature values. By systematically 
calculating the relationships between these 
feature values and outcomes, it discovers complex 
correlations hidden in the data, using statistical 
processing. The output from H consists of equations 
that explain the correlations between the outcomes 
and combination feature values. These equations can 
be used as optimization functions and incorporated 

into business systems or control systems online, along 
with outcome improvement prototype designs and 
methods for providing execution, enabling continuous 
improvement of outcomes that conform to the data 
even when the environment has been altered or an 
order has been changed (see Fig. 3). For example, 
H can be used to automatically track changing on-
site conditions in order to improve outcomes in 
various environments including manufacturing lines, 
warehouses, and stores.

Symbiotic Autonomous Decentralization: 
System Virtualization Technology
Solving the customer’s management challenges 
with digital technology requires not only connecting 
Hitachi’s equipment to the platform, but also being able 
to connect to the customer’s existing assets, and being 
able to progressively expand the field to be connected. 
Hitachi is therefore developing system virtualization 
technology as a possible basic function for the IoT 
platform. This technology extends the concept of 
“autonomous decentralized systems,” which are used 
for the progressive extension of railway and industrial 
control systems, to the “system of systems” level as 
the concept of symbiotic autonomous decentralization. 
This concept helps in developing storage virtualization 
technology to share data in an open and secure way, 
while leaving existing systems unchanged (see Fig. 4).

IT/OT/IoT: Edge Integration, Highly Reliable 
Common Execution Platform for Analytics
With the increasing demand for utilizing a wide 
variety of large-volume data generated at work sites, 
the concentration of processing load in the cloud 

• Data preparation
• Optimization 

consideration

Utilized by analysts as a tool Optimization and decision-making 
services provided

Hitachi AI
Technology/H

Online 
Hitachi AI 

Technology/H
+

Fig. 3—Optimization/Decision-making Provided as Services by 
Hitachi AI Technology/H.
Hitachi AI Technology/H connects to systems and automates 
optimization and decision-making.
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with Lumada right away, and 
enables digital solutions to be 
added or expanded.
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and the increase of communications data volume are 
causing scalability problems. Hitachi has developed 
an edge integration technology as a candidate for a 
basic function to challenge these problems. The edge 
integration technology enables application processing 
at the place where data are generated in order to reduce 
the concentration of processing load and the increase 
of communications data volume.

An advantage of the edge integration technology 
is its ability to find required data from a large volume 
of data groups, with high efficiency, and at low cost. 
This advantage is achieved by executing primary 
processes, such as the extraction of data feature values 
and the filtering of unnecessary data, at work sites in 
coordination with analysis processes in the cloud.

Along with supporting the development of data 
collection, integration, analysis, and visualization 
processes using the Pentaho software, Lumada also 
supports development approaches using analytics 
processing software, such as OSS, with existing 
systems, and utilizing development expertise. To 
satisfy the need for a framework that guarantees the 
availability of stable operation and expandability 
for a given data volume (which cannot be achieved 
just by combining software), Hitachi has developed 
a common execution platform for highly reliable 
execution of various analytics programs.

An advantage of this common execution platform 
is its ability to package a series of processes developed 
with a combination of analytics programs and to 
automatically form a grid that executes an application 
only by deploying the package on multiple nodes 
(see Fig. 5). This ability provides availability and 
expandability for analytics processes developed 
with a wide variety of software including OSS, and 
realizes the extension of systems to meet commercial 
quality criteria.

SECURITY

As the IoT becomes used for an ever greater range of 
applications, security threats tend to become larger 
and more widespread. By providing sensing and 
cyber-countermeasures in cyberspace and the real 
world (physical space), Hitachi would like to respond 
to these threats by developing speedy risk handling 
technology and supplying it as a basic function in 
the Lumada IoT platform. Using this basic function 
could enable the creation of security operation 
centers (SOCs) that provide integrated monitoring 
of cyberspace and physical space (see Fig. 6). IT 
monitoring and facility monitoring could be handled 
by a single provider, reducing the customer’s 
monitoring costs, and lowering the workload for 
routine high-volume monitoring.

Physical Security
To provide facility access control for large traffic 
volumes at key customer locations such as buildings, 
plants, and airports, Hitachi is developing high-speed 
finger vein authentication technology with the same 
throughput as an automatic ticket gate in a train station. 
The technology rigorously authenticates individuals 
by reading and comparing the finger vein patterns 
that are unique to each individual. This enables an 
SOC to prevent identity fraud from unauthorized ID 
card use, control access to surveillance areas, and 
coordinate and manage various types of surveillance 
information and personal attribute information for 
surveillance subjects.

To reduce the surveillance staff workload during 
wide-area surveillance, Hitachi is also developing 
a multiple-perspective search technology that uses 
video from multiple installed surveillance cameras 
to analyze surveillance subjects from multiple 
perspectives (such as facial information, clothing, and 
personal property), enabling high-speed detection and 
tracking of suspicious persons.

Analytics process development Commercial system creation

Analytics software 
combination development

Rapidly turned into 
commercial system

Common execution platform for 
highly reliable analytics

(guarantees scale-out performance 
expansion and availability)

Collecting/
combining

Analysis Visualiza-
tion

KNIME*1

Talend*2 Kibana*3

Packaging
(software groups)

Deployment

Hitachi AI
Technology/H

Application grid

Fig. 5—Common Execution Platform for Highly Reliable 
Analytics Software.
This platform guarantees expandability and availability for 
combining the processes of widely diverse analytics software, 
enabling rapid development of commercial-grade systems.

*1   KNIME is an open source workflow platform developed at the 
University of Konstanz in Germany. The KNIME trademark is used 
by KNIME.com AG under license from KNIME GmbH.

*2   Talend is an open-source data integration/coordination platform 
provided by Talend, and a trademark of Talend, Inc.

*3   Kibana is an open-source log data analysis/visualization tool 
provided by Elastic, and a trademark of Elasticsearch BV, registered 
in the U S and in other countries.
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more efficient and labor-saving. Examples include 
a technology that manages the vulnerabilities that 
exist in systems, a technology that detects multilevel 
attacks, and an autonomously evolving defense 
technology that analyzes malware behavior. Hitachi 
also plans to position these technologies within the 
Lumada IoT platform.

FUTURE OUTLOOK

Open coordination among different business types and 
industries will be encouraged by refining the process 
of building platforms that provide services individually 
in different business fields using the basic functions 
described in this article. It is thought that this open 
coordination could boost innovations in the customer’s 
value chain, leading to the further creation of new 
value. A symbiotic ecosystem that creates solutions 
by linking individual autonomous platforms could be 
progressively built in this way.

CONCLUSIONS

This article has presented the architecture and basic 
functions of Hitachi’s Lumada IoT platform along 
with technologies that help achieve cyber security and 
physical security.

Hitachi will enhance these high-speed surveillance 
technologies and Hitachi proprietary video content 
analysis technologies as basic functions composing 
Lumada’s security features. In addition to this, by 
using the symbiotic autonomous decentralization 
concept to enable flexible connection to customers’ 
conventional equipment, Hitachi would like to provide 
these technologies in the form of surveillance solutions 
that rapidly respond to a variety of surveillance needs.

Cyber Security
Protecting data that is being stored for customers or data 
that is provided by customers is a crucial requirement for 
enabling customers to connect securely to the platform. 
To enable secure and safe data processing, Hitachi 
is developing confidential information processing 
technology that performs processes such as searches 
and statistical processing. while keeping data encrypted.

Advanced cyber attacks that defeat multiple levels 
of security measures have recently started to emerge. 
To counter these attacks, security functions need to 
be designed and implemented by incorporating risk 
analysis at the design stage, and security incidents 
need to be monitored and handled rapidly during 
operation. Using the security operations knowledge it 
has accumulated for IT systems, Hitachi is developing 
various technologies for making security operations 

Airport
Residence

Power generation facility

Stadium

Control system Data center

Information system

Train station

Factory

Harbor facility

Physical space Cyberspace

High-speed facility access control High-speed suspicious subject searches Autonomously evolving defense technology
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Speedy risk response
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minutes using access behavior learning
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images based on face, clothing, 
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Fig. 6—SOC Providing Integrated Monitoring in Cyberspace and Real Space.
A single provider handles cyberspace and physical space monitoring using high-speed facility access control, high-speed suspicious 
subject search, and autonomously evolving defense technology.

SOC: security operation center
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Hitachi will continue to help rapidly solve 
customers’ management challenges by utilizing 
platforms that help customers analyze challenges, create 
hypotheses, and prove the value of solutions while 
also supplying and operating those solutions. Hitachi 
plans to drive its growth by incorporating Lumada into 
various sectors such as energy, industry, and urban 
development as a starting point to build an ecosystem 
of social innovations that span different industries.
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For example, the waveforms of sound waves 
emitted by elevators (real-space measurement data) 
can be converted into valuable information like the 
problem location information, image data captured 
by vehicle-mounted cameras can be converted into 
pedestrian position information, and electrical current 
waveform data from a mega solar power plant can be 
converted into failure location information. Smarter 
site information can be obtained by developing 
valuable information extraction technology that 
calculates correlations and filters measurement data 
obtained from multiple sensors.

Since the signal processing done to obtain valuable 
information will need to be site-specific and enable real-
time processing of large volumes of data, it will be done 
at the site using distributed edge computing. These edge 
computing-driven preprocessing and IT-space analytics 
tool groups will need to be optimally coordinated.

As described above, the extraction of valuable site 
information using digital sensing could play a central 
role in IoT-era sensing that analyzes the challenges 
at sites and controls sites in the IT space based on 
site data.

DIGITAL SENSING IN FACTORIES

In responding to the needs of society, factories are 
being called on to improve productivity, reduce 
energy costs, and improve safety. The challenge for 
accomplishing this is how to identify the status of 
existing equipment (such as instruments and ducts), 
equipment that cannot be shut down, and equipment 
in high or other inaccessible locations. For example, 

INTRODUCTION

HITACHI believes that the utilization of sensing 
technology is effective for meeting societal needs 
such as ensuring a safe and secure society, dealing 
with a decreasing birthrate and an aging population, 
and taking measures to fix aging infrastructure. 
Hitachi aims to assist in solving on-site challenges 
by using sensor and signal processing to identify 
various conditions at the site, and using the results to 
provide the appropriate control processes. In doing 
this, Hitachi aims to create and deploy an Internet 
of Things (IoT) services and solutions business that 
meets the needs of society.

This article looks at a concept of digital sensing 
that Hitachi considers key, along with examples of its 
implementation.

HITACHI’S AIMS FOR DIGITAL SENSING

In the past, the use of physical quantities in real space 
measured by sensors stopped at their use in operation 
monitors of site equipment or in predictive diagnostics, 
after receiving simple processing in IT space. However, 
sensing in the IoT era will use artificial intelligence 
(AI) or analytics in the IT space for analysis of real-
space physical quantities, and controllers will use 
those results to perform real-space control. Hitachi is 
particularly aiming for digital sensing that will convert 
real-space physical quantities obtained by sensors 
into compact valuable information enabling easy 
analysis in the IT space. Valuable information is site 
information that has become visualized (see Fig. 1).

OVERVIEW: Hitachi believes that the utilization of sensing technology is 
effective for meeting the various needs of society, and that the concept of 
using digital sensing to visualize sites is particularly important. Digital 
sensing can create new value by converting site data obtained from sensors 
into valuable site information, analyzing site challenges in the IT space, and 
using the results to control the site. This article discusses duct monitoring 
in factories as a specific example of digital sensing. It also presents a 
maintenance-free sensor node as an example of sensor node technology 
that implements digital sensing.
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on one hand, progress is being made in popularizing 
the visualization of power consumption of factory 
equipment, in addition to the momentum on reducing 
CO2, on the other hand however, the visualization of 
energy consumption of gas-fired factory equipment 
such as boilers, etc. is not sufficiently widespread. 
In addition to the high price of gas flowmeters, this 
difference in popularization is attributable to the fact 
that flowmeters require both electrical work and 

duct work for installation, and therefore, multi-unit 
monitoring requires a massive investment.

In response, Hitachi is looking into a digital sensing 
application that uses duct vibrations as a method of 
identifying gas duct states at comparatively low cost. 
To extract valuable site information from measured 
duct vibration data, the application can utilize 
correlational analysis and filtering with the outputs 
of other sensors (see Fig. 2). 
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Fig. 1—Concept of Digital Sensing.
Digital sensing converts site data obtained by sensors into valuable site information. Digital sensing creates new value that meets the 
needs of society by analyzing site challenges in the IT space and using the results to control the site.

Fig. 2—Signal Processing for Extracting Valuable Information.
(a) shows how correlations among the outputs of multiple sensors are used to extract abnormal equipment operation. (b) shows how 
filtering is used to extract appropriate filter replacement schedules. (c) shows how filtering is used to extract valuable information 
such as signs of gas leaks in a duct.
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In Fig. 2 (a), current sensors measuring current 
consumption with equipment are used in conjunction 
with sensors measuring duct vibrations, and abnormal 
equipment operation is detected when a time slot 
is found to contain abnormalities in the relation 
between the vibration strength and electrical current 
values obtained. This approach can extract valuable 
information by calculating correlations among the 
outputs of multiple sensors. And, in Fig. 2 (b), the gas 
flow rate of a duct is calculated in a time series by using 
vibration sensors to obtain the vibration spectrum of 
the duct in a time-series, and using filters to extract 
specific frequency components that will serve as 
indicators of the gas flow rate in the duct. Changes 
in the daily average can be used to predict the filter 
clog rate and an appropriate replacement schedule. 
In Fig. 2 (c), duct gas leaks can be detected by using 
filters to extract particular frequency components from 
the vibration spectrum of the duct. Proper filtering 
based on domain knowledge is an effective way of 
obtaining valuable information. 

To test the hypothesis that vibration sensors can 
be used to identify duct states, Hitachi carried out an 
actual factory test(1). Fig. 3 (a) shows the results from 

a vibration spectrum measured in a time series by a 
sensor installed in the gas duct of boiler equipment. 
The plot of the change over time in the vibration 
components from 40 kHz to 50 kHz shows that 
vibration strength changes in response to changes in 
boiler combustion state. The inferred reason is that 
the speed of the turbulence in the duct increases in 
proportion to the gas flow rate and causes the duct 
to vibrate.

This testing has shown that duct vibration 
measurement and proper filtering can be used to 
infer gas flow rates in ducts without the need to 
install equipment, enabling valuable information to 
be obtained, such as equipment operation states and 
energy consumption.

Fig. 3 (b) shows the results of the vibration 
spectrum measurements for two ducts in the same 
factory, one duct that does not have a gas leak, and one 
duct that does. The results show that, when a duct has 
a gas leak, a broad peak is generated in the 20 kHz to 
40 kHz frequency range. This test shows that valuable 
information, such as signs of gas leaks in a duct, can 
be obtained through measuring the vibration of the 
duct and proper filtering.
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Fig. 3—Examples of Digital Sensing in a Factory.
(a) shows how measuring duct vibration and filtering make it possible to estimate the gas flow rate in a duct, and to extract valuable 
information such as equipment operation states and energy consumption. (b) shows how valuable information, such as detecting gas 
leaks in a duct, can be obtained through measuring the vibration of the duct and filtering.
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MAINTENANCE-FREE SENSOR NODE

To make digital sensing a reality, multiple sensors 
need to be installed at a site, and the data they measure 
needs to be collected. To eliminate the maintenance 
burden of replacing batteries, it is recommended that 
sensor nodes are able to run on a minute amount 
of environmental energy, such as the light in a dim 
factory, and they should also be able to send data 
wirelessly, eliminating the need for wires.

To meet these needs, Hitachi has developed a 
wireless sensor node that can run on indoor lighting. 
The sensor node has an energy management circuit 
that can efficiently collect and use minute amounts of 
environmental energy, and a high-precision, low-power 
sensor signal processing circuit built in (see Fig. 4)(2), (3). 
A power-generating element of a few centimeters in size 
can be mounted in the sensor node. This element can 
supply energy ranging from only a few microwatts (µW) 
up to a maximum of 100 µW, so the energy management 
circuit monitors the retained voltage of the power storage 
(capacitance) elements of the blocks in the sensor node, 
and supplies power to them only when their retained 
voltage values have fallen below the preset level. This 
configuration enables the power-generating element 
to provide the essential power storage for the power 
storage elements by using periods during which the 
blocks consume no energy (such as when signals are not 
transmitted). As a result, the power-generating element 

has the ability to supply a minute amount of energy. 
The sensor signal processing circuit has a built-in high-
resolution, low-power analog-to-digital converter circuit 
with digital correction, and achieves high precision 
(margin of error 0.01%) and low-power operation that 
enables the energy management described above.

The sensor node developed by Hitachi can start 
in about 1/50 of the amount of time needed by a 
conventional sensor node, and can run on as little as 
about 1/10 of the light (about 70 lux). In this way, 
it was able to demonstrate a sensor node that does 
not require battery replacement or wiring, and has 
practical functionality and precision.

The sensor node technology described above 
has been used to create a prototype sensor node 
that measures the current consumption of industrial 
equipment, proving that it can be used in a factory 
environment. In the future, Hitachi plans to utilize this 
technology in various industrial equipment monitoring 
applications, and in the use of beacons to monitor the 
movement of people.

CONCLUSIONS

This article has described the concept of digital 
sensing, examples of its use in factories, and sensor 
node technology. In the future, Hitachi would like to 
apply this digital sensing at many sites to assist in 
solving the challenges they face.
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Fig. 4—Maintenance-free Wireless Sensor Node.
This sensor node can provide sensing indefinitely while running on indoor lighting, by having a circuit that manages minute amounts 
of energy, and a sensor signal processing circuit with low power consumption.
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Featured Articles

RELIABILITY ANALYTICS

Fig. 1 shows an overview of reliability analytics  in 
which operation information and analytics results are 
communicated by connecting the real environment 
of the sites and data analysis rooms where products 
operate with virtual environments and this information 
is utilized for reliability design, maintenance, and 
operation. Product reliability can be continuously 
improved by repeating the following four-step process.
(1) Perform measurements of products both on and 
off site
(2) Collect and analyze data
(3) Use data assimilation analysis, total integration 
analysis, virtual reality, and augmented reality
(4) Apply the analysis results to reliability design and 
operations and maintenance services

Reliability Design Using Measurement Data
Within reliability analytics, reliability design using 
measurement data is the approach of analyzing 
the reliability of products from operation data and 
applying the analysis results to design.

Product structural reliability can be evaluated based 
on the stress (= load/cross-sectional area) that occurs 
when a load acts on a product. For example, when 
evaluating the reliability with respect to metal fatigue, 
the damage, failure probability, and residual life due to 

INTRODUCTION

WHEN designing the structure of a product, the 
loads that will act on it are predicted and a structure 
is chosen that can withstand the expected load. As 
a result, predicting the load is extremely important 
for designing highly reliable products. Because use 
environments and use methods have become more 
diverse in recent years with the increasing globalization 
of markets, predicting the loads needed for a design has 
also become more complicated. However, the spread 
of information infrastructure has also been progressing 
extremely rapidly, and collection of operation 
information using the Internet of Things (IoT) has 
become widespread. If the collected information also 
contains information related to the loads that act on the 
product, then that information will be extremely useful 
for load prediction during design and for the design of 
highly reliable structures. Furthermore, stable product 
operation can be realized by clarifying the loads 
obtained from operation information and the residual 
life of the product when it is used continuously under 
those loads and then increasing the appropriateness of 
the maintenance and operation methods.

This article describes the technology and analytics 
platform developed in order to measure and collect 
operation information and utilize it for product 
structural design, maintenance, and operation.

OVERVIEW: An analytics platform was developed that analyzes the 
operation information of mechanical systems collected using the IoT and 
utilizes the results in reliability design, operation, and maintenance. The 
product use environment, applied load, and structural reliability are clarified 
from the operation information and used to advance reliability design. If 
the failure risk obtained by multiplying the failure probability by the cost of 
failure is used as an indicator of reliability, then reliability can be compared 
in units of cost, which makes it possible to increase the reliability of entire 
mechanical systems throughout the entire product lifecycle from design to 
operations and maintenance. To demonstrate the impact of this research, 
operation of an analytics platform was started that collects operation 
information from a wind power generation system online using the IoT and 
analyzes the failure risk. Reliability is expected to improve continuously 
through the developed analytics platform.

Norio Takeda, Dr. Eng.

Yasuki Kita, Dr. Eng.

Hiromitsu Nakagawa

Hideaki Suzuki

Using Operation Information in Reliability Design and 
Maintenance: Analytics for the IoT Era
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metal fatigue can be found as indicators of reliability 
by counting the amplitudes and cycles of the stress 
waveforms that occur in the product and then applying 
the damage accumulation. If the strain is measured 
by attaching a strain sensor to a product, then the 
stress can be easily calculated from the strain, and the 
damage, failure probability, and residual life under 
operation can be found from the measured stress. 
These reliability indicators can be found by predicting 
the load during design, so comparison of the evaluation 

results from measurements during operation with the 
evaluation results from design makes it possible to 
give design feedback for (1) verifying the validity of 
the predicted loads, (2) increasing the precision of the 
analysis models used in design, and (3) increasing the 
appropriateness of reliability design standards.

Fig. 2 shows the results of evaluating reliability 
with respect to metal fatigue in tower welds from 
the operation information of wind turbines. Strain 
sensors were attached near two tower welds at 
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Fig. 1—Reliability Analytics.
Operation data collected using the IoT is analyzed in an analytics room, and reliability is improved continuously by applying the 
results to reliability design and O&M services.
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Fig. 2—Reliability Analysis Based on Operation Information of a Wind Turbine.
Damage, failure probability, and residual life were analyzed based on the metal fatigue in tower welds from their strain data, and the 
safety margin was found to be sufficient.
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different locations in the vertical direction and the 
strain during operation was measured. The stress 
was then calculated from the measured strain, and 
the damage and residual life were calculated from 
the stress. Because the estimate of the cumulative 
damage over 20 years was less than the permissible 
value of 1, it was confirmed that the tower welds 
were sufficiently safe with respect to metal fatigue and 
that the residual life was in excess of the service life. 
Furthermore, feedback on items (1) to (3) mentioned 
above was performed by considering the difference 
between the predicted design values and the measured 
damage values.

To promote the spread of this kind of reliability 
design using operation information, an analysis 
platform was developed that allows users to share 
and use operation information and reliability analysis 
results (see Fig. 3). The operation information collected 
by the IoT is accumulated in a cloud database. Users 
can access the cloud using a web browser and analyze 
the collected data using a sophisticated analysis library.

Risk-based Reliability Management
Mechanical products are generally made up of multiple 
elements (subsystems and components). As a result, 
reliability is often evaluated on a per-component 
basis during design and maintenance. There are cases 
where the failure probabilities of two elements are 

almost the same according to reliability evaluation 
results, and in such a situation, the priority order of 
elements for ensuring reliability should be decided by 
taking into account the magnitude of the effect of the 
failures of those elements. A technique for evaluating 
the reliability of an entire mechanical product was 
therefore developed by taking the value of failure risk, 
which is found by multiplying the failure probability 
of a particular element by the effect of that failure, as 
a reliability evaluation metric.

In conventional structural reliability evaluation, the 
safety factor and allowable values are set appropriately 
depending on the mode and other characteristics of 
the load that acts on the product from the material 
strength distribution, and it is checked that the stress 
that occurs remains less than the allowable value (see 
Fig. 4). With the development of the IoT, the failure 
probability can now be determined as a quantitative 
metric of reliability by collecting operation data, 
clarifying the stress distribution, and determining the 
overlapping areas of the stress distribution and material 
strength distribution. Furthermore, by investigating 
the effect of failures in units of cost and applying the 
failure risk obtained by multiplying the effect by the 
failure probability as a reliability evaluation metric, 
an economic perspective can be introduced into the 
reliability evaluation. Taking this failure risk as a 
metric makes it possible to decide whether a design 
should be improved or whether an issue should be 

Analysis
Visualization

User

Login Import data Visualization of 
safety margin

Residual life 
evaluation

Analysis 
program 
registration

Researchers, 
etc.

Analytics platform

HTTP

Cloud

Measurement 
data

Advanced analysis 
library

Database 
(measurement data, 

analysis results)

Web browser GUI

Fig. 3—Analytics Platform for Sharing Data, Analysis Results, 
and Libraries.
Users access the cloud where the operation data are stored by 
using a web browser and perform analysis work using pre-
registered analysis libraries.

GUI: graphical user interface   HTTP: Hypertext Transfer Protocol

Safety factor Failure probability Risk standard

Safety 
factor Data 

distribution
Data 

distribution

loT loT

Material 
strength 

distribution
Material 
strength 

distribution

Material 
strength 

distribution

Allowable 
value

G
en

er
at

ed
 st

re
ss

Stress

Evolve Evolve

Evaluation based 
on experience

Quantitative 
evaluation

Failure 
probability Risk(¥, $) = 

Failure probability × 
Magnitude of effect

Cost conversion 
evaluation

Stress Stress

Fig. 4—Advanced Method for Evaluating Structural Reliability.
The method for evaluating structural reliability by deploying the 
IoT evolves into a method for quantitative evaluation based on 
failure probability, which then further evolves into an evaluation 
method that includes an economic perspective.



Hitachi Review Vol. 65 (2016), No. 9      453 

- 83 -

handled by maintenance and operation in order to 
ensure the reliability of a particular element. In other 
words, a measure can be established for improving 
reliability over the entire product lifecycle by using 
failure risk as a metric.

ONLINE ANALYTICS PLATFORM

An analytics platform was developed for performing 
online analysis of failure risk from collected data for 
wind power generation systems. The present state 
including the wind speed and amount of electricity 
generated is displayed from the measurement data 
used for control, and the current and future failure 
probability and failure risk are calculated by 
performing structural reliability analysis using strain 
sensor data. The online analytics platform consists of 
a time-series data store that accumulates the collected 
data, a workflow-based analysis platform for analysts 
to register and execute analysis logic, and an analysis 
platform for operators to view the current state and 
state of trends (see Fig. 5).

Because wind power generation systems consist of 
many elements, including the tower, blades, and gear 
reducer, the reliability analysis logic was developed 
with duties divided among multiple analysts. To 
integrate the analysis logic developed by multiple 
analysts and perform analysis of the entire system, an 
analysis environment that makes it easy to integrate 
analysis logic is required (DevOps environment). A 
workflow-based analysis platform was adopted for 
analysis logic management in the online analytics 
platform in order to provide this DevOps environment. 
With the workflow-based analysis platform an analysis 
logic is modularized as multiple blocks (nodes), and 
the entire analysis flow is built by arranging these 
nodes into a graph (see Fig. 6).

Data Processing in the Developed Platform
The online analytics platform requires both easy 
support for analysis logic that evolves on a daily basis 
and high availability to allow operation with stable 
sensor data collection and analysis processing for 24 h 
a day. The following three characteristic processes 
were therefore introduced into the online analytics 
platform.
(1) Data registration processing

Sensor data collected from the wind power 
generation system are temporarily stored on a file 
server and are then registered in the time-series data 
store after performing pre-processing such as format 

conversion. The registration interval was set to 10 min 
to match the minimum control interval of the wind 
power generation system. Pentaho data integration, 
which has interfaces for connecting with a large 
number of data sources and offers excellent extract, 
transform, load (ETL) processing, was adopted for 
pre-processing such as format conversion.
(2) Data analysis processing

The damage, failure probability, and failure risk are 
calculated by obtaining the strain sensor data and other 
data from the time-series data store. This processing 
is performed together with the data registration 
processing and is executed at 10-min intervals. The 
analysis processing employs many calculations on 
the time-series data, such as calculating the damage 
from the 10-min interval strain data. Because of this, 
the damage evaluation, failure probability estimation, 
and failure risk calculation logic are created as nodes 
based on the KNIME*1 open-source analysis software 
developed at the University of Konstanz (see Fig. 6).
(3) Data visualization processing

The current state (e.g., the current wind state and 
electricity generation state) and the data analysis 
results (e.g., damage, failure probability, and failure 
risk) are presented on a dashboard on the web so that 
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(researcher, 

technician, etc.)

Analysis logic 
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execution

Online 
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HTTP

Reliability cloud
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Work�ow-based 
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Fig. 5—Structure and Overview of the Online Analytics Platform.
Sensor data are accumulated in the online analytics platform in 
a reliability cloud. Analysts build their analysis on this platform. 
Operators access the reliability cloud via a web browser to view 
analysis screens showing the current state.

*1 KNIME is an open source workflow platform developed at the 
University of Konstanz in Germany. The KNIME trademark is used 
by KNIME.com AG under license from KNIME GmbH.
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is performed at 10-min intervals, and pre-determined 
analysis flows are executed by using the latest sensor 
data. However, delays in data collection or missing 
data are possible due to unexpected malfunction of the 
communication lines from the site ready and the input 
data needed for analysis might not be when analysis 
starts due to analysis logic being switched out by the 
analyst. A task management function was therefore 
built for the analysis logic. For all of the analysis logic, 
the timestamp of the measurement data that arrived 
when the analysis started and the timestamp of the 
already analyzed data are compared, and the amount 
of time subject to the analysis processing is calculated 
from the time difference (see Fig. 7). If the data 
collection and time difference are normal, analysis of 
a single data block is performed as planned. However, 
if the time difference is large due to data collection 

operators can understand the current state and identify 
problems. This function was built based on the Pentaho 
Business Analytics dashboard management tool by 
using JavaScript*2 to extend the rendering library for 
line graphs, scatter plots, frequency distributions, and 
so forth.

Enhanced Fault Tolerance for Development 
of an Online Platform
The processing executed during data analysis includes 
analysis logic that has dependency relationships, 
including analysis using past analysis results, such as 
calculation of damage, and integration of the analysis 
results from multiple analysis flows such as failure 
risk evaluation. Normally, each data analysis process 

Drag and drop

Stress cycle counting
Damage 

accumulation
Failure probability 

calculation

Fig. 6—Building an Analysis Flow in KNIME.
Nodes are connected to each other and used by dragging and dropping them onto a canvas. In the figure, data are read from the data 
store and then registered in the data store again after analysis of stress cycle counting, damage accumulation, and failure probability 
calculation.

*2  JavaScript is a registered trademark of Oracle Corporation and its 
affiliates.
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Increased reliability of mechanical systems can be 
implemented across the entire system and entire 
lifecycle by introducing the failure risk calculated 
from the failure probability as an evaluation metric. 
Hitachi intends to expand the reliability analysis 
demonstrated using the wind generation system to 
other products, and hopes to contribute to building 
safe and secure social infrastructure through highly 
reliable mechanical systems.
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delays, multiple data blocks are analyzed until the 
subsequent data arrives. In this way, processing is 
implemented that can perform continuous analysis 
under delayed or missing data while independently 
executing each analysis block.

CONCLUSIONS

An analytics platform that measures and collects 
operation information and utilizes it for product 
structural design and maintenance and operation 
was developed. Now, with product use environments 
and methods becoming more diverse, structural 
reliability design and maintenance and operation based 
on operation information is an extremely effective 
method for high-efficiency operation of products. 
The development of the IoT has made it possible to 
collect a relatively large amount of data and made it 
easier than before to perform quantitative reliability 
evaluation such as failure probability calculation. 
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Category Overview

is pursued with division into four fields: physical 
sciences, life sciences, information sciences, and 
frontiers (see Fig. 1).

In the field of physical sciences, the center is 
promoting research on atomic-resolution holography 
electron microscopes for discovering new quantum 
physics phenomena and creating revolutionary new 
materials, energy conversion materials, and magnetic 
materials. For example, among energy conversion 
materials, a thermoelectric material(2) that can convert 
low-grade waste heat to electrical energy is being 
developed.

In the field of life sciences, research is being 
conducted on regenerative medicine, brain science, 
and smart diagnosis systems based on the vision of 
“empowerment of mind and body.” In the field of 
regenerative medicine from among these, attention 
has focused on the expansion of previously developed 
fully enclosed cell culture technology(3) to medical 
applications of induced pluripotent stem (iPS) cells.

In the field of information sciences, research is 
being pursued on the optimization of systems for a 
more complex society and is advancing new-paradigm 
computing(4), artificial intelligence for business 
assistance(5), and communication empowerment. For 
example, an artificial intelligence that understands the 
various values of humans and presents reasons and 
grounds both for and against them is being developed 
with the aim of supporting unbiased business decisions.

MISSION OF THE CENTER FOR 
EXPLORATORY RESEARCH

WITH the spread of information and communication 
technology, the progress of globalization, the 
diversification of peoples’ values, and other factors, an 
era of drastic change has arrived where the processes that 
create knowledge and value are undergoing tremendous 
changes, and the ideal situation of the economy and 
society and the structure of industry are changing 
rapidly. The Center for Exploratory Research has the 
mission of “pioneering new frontiers through vision-
driven exploratory research.” It is working to sketch 
out the form that the society of the future should take 
in this era of drastic change and is striving to achieve 
this society through open innovation. In particular, the 
center is promoting a focus on research and development 
toward realizing a human-centric “Super Smart 
Society” (Society 5.0)(1) as advocated by the Japanese 
government, a society that delivers both economic 
growth and solutions to societal issues. The center is 
working on developing the technology to form the seeds 
of innovation as well as advancing the construction of 
an open innovation platform for nurturing these seeds.

SEEDS OF INNOVATION

Research based on a creative vision for understanding 
the nature of future societal issues and solving them 

Shinji Yamada, Ph.D.

Challenging Future Societal Issues through Open Innovation
—Center for Exploratory Research—
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Fig. 1—Research Fields of 
the Center for Exploratory 
Research.
The center is promoting research 
with the aim of optimizing 
society and understanding 
humans in order to implement a 
Super Smart Society in the four 
fields of physical sciences, life 
sciences, information sciences, 
and frontiers.
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In the field of frontiers, which aims to validate solutions 
in real society, experiments are being conducted to 
demonstrate local independent energy systems with high-
efficiency combustion technology for low-concentration 
bioethanol(6) at their core, and new agriculture based on 
soil sensing and farming knowledge databases.

OPEN INNOVATION PLATFORM

In an era when the creation of innovation by independent 
companies is difficult, the utilization of open “spaces” 
that transcend the boundaries of organizations, fields, 
nations, and regions is necessary in order to realize 
rapid innovation. The Center for Exploratory Research 
is promoting the construction and utilization of three 
types of spaces, namely, “university joint research 
sites,” “open laboratories,” and “external validation 
sites,” to promote collaboration with a wide variety 
of partners from vision creation and research and 
development to demonstrate social value and further 
create ecosystems with a focus on commercialization.

University Joint Research Sites
Universities have resources such as knowlege in 
variety of fields, from humanities to natural sciences, 
and strong networks that link to nations, regions, and 
citizens. Universities are also hotspots that accumulate 
cutting-edge information. To build mechanisms for 
creating and demonstrating a stream of new value 
with an eye toward the future, it is effective to place 
researchers in these hotspots to work closely together 
with the abundance of knowledge and networks of 
universities. Therefore, in addition to conventional 
collaborative research focusing on individual themes, 
a new form of academia-industry cooperation has been 
started that aims to build collaborative creation on an 
organization-to-organization basis.

This has triggered the establishment of new 
collaborative research laboratories in The University of 
Tokyo, Kyoto University, and Hokkaido University in 
June 2016 (see Fig. 2). These laboratories will work to 
engage in problem-solving that makes use of the unique 
character of each university and region based on the 
common vision of “realizing a Super Smart Society.”

Hitachi The University of Tokyo Laboratory will 
sketch out a vision for realizing a society based on a 
“vision for creating Society 5.0” in which everyone can 
lead a rich life and create innovation based on knowledge 
collaboration by tying together a diverse range of 
knowledge. Hitachi Kyoto University Laboratory 
will work on “pursuing issues of the future” based on 
fundamentals and academic theory. This laboratory will 
utilize the long history and culture that are particular to 
the region to research societal issues of the future out 
to the year 2050 based on an understanding of humans 
and culture. Finally, Hitachi Hokkaido University 
Laboratory will investigate the many societal issues that 
are directly facing Hokkaido and work together with 
local governments to demonstrate the effectiveness of 
the solutions under the major theme of “solutions in a 
region with emerging issues.”

Open Laboratories
The Center for Exploratory Research has leading-edge 
research facilities including the only atomic-resolution 
holography electron microscope in the world. The 
center is working on creating value and building 
research networks by opening these facilities to research 
institutions outside of the company for collaborative use.

More specifically, the center is opening its 
1.2-MV and 1-MV ultrahigh voltage holography 
electron microscopes and other holography electron 
microscopes to leading-edge researchers from around 
the world in order to collaborate on discovering new 

Hub Hitachi The University
of Tokyo Laboratory

Hitachi Kyoto
University Laboratory

Hitachi Hokkaido
University Laboratory

Spaces

Research
theme

“Vision for creating Society 
5.0”
• Recommend policies for the 
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“Explore future problems”
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• Advancing arti�cial 
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• Area design and regional creation
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International Academic 
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Global Research Center for Food & 
Medical Innovation / Research 
Institute for Electronic Science

Fig. 2—University Collaborative 
Research Hubs.
The center has newly 
established cooperative research 
laboratories at three universities 
in Japan to work on solving 
societal issues by utilizing the 
unique characteristics of the 
universities and regions.
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science. Furthermore, in regenerative medicine, 
the center is sharing with its partners the fully 
enclosed cell culture technology, which has no risk 
of contamination, and the center is working on 
automating the cell production process, with the aim 
of making regenerative medicine more widespread in 
medical treatment.

In the future, the center will share platforms that are 
under development with research institutions outside 
of the company in information fields such as Ising 
computers and artificial intelligence in order to work 
together to expand the application to societal issues.

External Validation Sites
In the development of solutions for solving societal 
issues of the future, it is essential to validate their 
effectiveness by applying them at actual sites. The 
center is therefore looking at regions that are facing 
real problems and is working together with local 
governments and local industry to trial proposed 
solutions and move forward with validating their value.

On Miyako Island, Okinawa Prefecture, the center 
is demonstrating an independent energy-recycling 
social system in the region. The system is based on 
bioethanol from sugar cane, which is a local resource, 
and uses an independently developed high-efficiency 
engine system with exhaust heat recovery at its core. 
Furthermore, in Iwamizawa City, Hokkaido, the center 
is working as a member of the Hokkaido University 
Center of Innovation (COI) on building a self-health-
care platform that links the private hospitals, core 
hospitals such as Hokkaido University Hospital, 
city health centers, and social workers with the 
approximately 80,000 residents of Iwamizawa City. 
This makes it possible to implement a community that 
offers support for residents to be able to voluntarily 
manage their own health. On Okinawa Island, progress 
is being made with demonstration experiments 
of a plant factory that provides stable growth in a 
subtropical zone of high-value-added produce for 
primarily cold regions with the aim of revitalizing 
local agriculture.

CONCLUSIONS

The Center for Exploratory Research is promoting 
open innovation by utilizing the three “spaces” of 
“university joint research sites,” “open laboratories,” 
and “external demonstration sites” with the aim of 
solving the societal issues of the future. The center 
is working together with a variety of partners to 

contribute to the realization of a rich human-focused 
“Super Smart Society.”
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or automotive waste heat (at temperatures around 
500°C) that has gone unused up until now. Fig. 1 
shows a high-temperature thermoelectric conversion 
module being developed by Hitachi Chemical Co., 
Ltd. that uses a silicon-germanium (SiGe) material. 
Made of p-type and n-type SiGe connected in series 
via an electrode, the thermoelectric conversion 
module has a function that generates electric power 
in response to the temperature difference between 
its upper and lower sides. The conversion efficiency 
of the module is determined by the dimensionless 
figure of merit ZT (Z = S2/ρκ, where S = Seebeck 

INTRODUCTION

TO improve energy efficiency and conserve the Earth’s 
resources and environment picking up pace around 
the world, there is a need not only to use energy more 
efficiently and exploit unutilized sources of thermal 
energy, but also to help prevent global warming by 
developing energy technologies with low carbon 
dioxide (CO2) emissions. Hitachi is developing 
innovative functional materials that facilitate work 
on such green innovations.

This article describes thermoelectric materials 
that convert unutilized thermal energy into electric 
power, new magnets that help improve electric motor 
efficiency using smaller amounts of rare earth metals, 
and a high-entropy alloy with high strength and 
corrosion resistance that can be fabricated using a three-
dimensional (3D) printer process that forms materials 
with lower energy consumption than past techniques.

THERMOELECTRIC MATERIALS

Thermoelectric conversion is a method of generating 
electric power by the direct conversion of thermal 
energy to electrical energy using the Seebeck effect, 
which generates power from the temperature difference 
across a thermoelectric semiconductor. Prompted 
by the problems associated with rising energy 
consumption, including the scarcity of fossil fuels 
and global warming caused by CO2, there has been 
interest in recent years in thermoelectric conversion 
modules that can recover high-temperature industrial 

OVERVIEW: As exploiting unutilized sources of heat energy, improving 
the efficiency of electrical power equipment, and energy efficiency are 
urgent issues for the creation of a sustainable society, Hitachi is developing 
innovative functional materials for achieving green innovation. Specifically, 
the materials under development include thermoelectric materials that 
take advantage of the ability of non-toxic and cheap silicon to convert 
waste heat into electric power, new magnetic materials that improve the 
electrical efficiency of electric motors using smaller quantities of rare 
earth metals, and a high-entropy alloy with high strength and corrosion 
resistance fabricated on 3D printers that provide energy-efficient processes 
for materials processing.

Jun Hayakawa, Ph.D.

Yosuke Kurosaki, Ph.D.

Masakuni Okamoto, Ph.D.

Hiroyuki Suzuki

Tadashi Fujieda, Ph.D.

Innovative Functional Materials for Green Innovation

Electrode

n-type

p-type

Fig. 1—SiGe Skeleton Thermoelectric Conversion Module 
(Produced by Hitachi Chemical Co., Ltd.).
The module has an output of 8.4 W for a temperature difference 
of 630°C (high-side temperature: 650°C, low-side temperature: 
20°C). 

SiGe: silicon germanium
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coefficient, ρ = resistivity, κ = thermal conductivity, 
and T = temperature) of the elements that are used. 
For example, being able to achieve a value of ZT = 2 
can improve engine fuel efficiency by 5%, so there is 
a need to develop materials with high ZT.

This section looks at manganese-silicon 
(MnSi1.7), which is made up of Si, a high-temperature 
thermoelectric material that is cheap and places a 
low load on the environment, and describes what is 
being done to improve ZT by reducing its thermal 
conductivity.

While MnSi1.7 has a large Seebeck coefficient(1), 
reducing its thermal conductivity is generally difficult 
due to its hard lattice. In response, Hitachi studied 

the use of a MnSi1.7 /Si thin-film composite material 
with a nanoscale organization and structure, and Si 
applied to the interface with the primary MnSi1.7 
phase to increase the dispersal of phonons that carry 
thermal energy. The MnSi1.7 /Si thin-film composite 
was produced by heat-treating a Mn/Si laminate film 
built up using a sputtering method with alternate 
layers of Mn and Si that caused the Mn and Si to 
react. Fig. 2 (a) shows high-angle annular dark field 
scanning transmission electron microscope (HAADF-
STEM) cross-section images of MnSi1.7 /Si thin-film 
composites with different Si and Mn thickness ratios. 
When the thickness ratio of Si to Mn is low (2.6), a 
granular composite structure is formed that is made up 
of MnSi1.7 and Si microcrystals with grain diameters 
of several nanometers. In contrast, when the thickness 
ratio of Si to Mn is high (3.5), a MnSi1.7 /Si laminate film 
is formed with a sharp interface between the MnSi1.7 
and Si layers, which are each several nanometers thick. 
As shown in the cross-sectional TEM images shown in 
the insert, heat treatment caused the MnSi1.7 primary 
phase to crystalize in both thin films.

Fig. 2 (b) shows how thermal conductivity depends 
on the thickness ratio of Si to Mn. The dotted and solid 
lines in the figure represent the thermal conductivities 
required to achieve ZT = 1 and ZT = 2 respectively, 
assuming a power factor (S2/ρ)(2) obtained from 
bulk material. The thermal conductivity was lower 
than the bulk thermal conductivity for a Si to Mn 
thickness ratio of 2.6. This is believed to be due to 
increased dispersion of phonons at the MnSi1.7 /Si 
interface. Furthermore, a value of κ = 1.0 W/Km was 
obtained for MnSi1.7 /Si laminate films with a Si to 
Mn thickness ratio of 3.5 or higher, which is the level 
required to achieve the ZT = 2 material figure of merit 
required for a 5% or more improvement in engine fuel 
consumption. Hitachi intends to continue developing 
bulk composite materials with the aim of using them 
in thermoelectric conversion modules.

NEW MAGNETS THAT USE SMALLER 
QUANTITIES OF RARE EARTH METALS

Magnets are used in a wide variety of fields, including 
electronics, telecommunications, medicine, machine 
tools, and automotive electric motors. In terms of 
reducing the load on the environment and creating a 
sustainable society, a particularly urgent issue is to 
improve the efficiency of the electric motors used in 
hybrid electric vehicles (HEVs) and electric vehicles 
(EVs), the market for which is growing rapidly. This 
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Fig. 2—Cross-sectional TEM Image of MnSi1.7 /Si Laminate Film 
and the Dependence of Thermal Conductivity on the Ratio of Si 
to Mn.
(a) shows a cross-sectional TEM image of MnSi1.7 /Si laminate 
film, and (b) shows the dependence of thermal conductivity on 
the ratio of Si to Mn. A MnSi1.7 /Si laminate film with a Si to Mn 
thickness ratio of 3.5 has sharp boundaries between the MnSi1.7 
and Si layers and provides thermal conductivity of 1.0 W/Km, 
the value needed to achieve ZT = 2.

TEM: transmission electron microscope
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requires achieving even higher performance for the 
magnetic materials that provide the magnetic flux in 
these motors. Neodymium-iron-boron (Nd2Fe14B) is 
the main phase in the highest-performing neodymium 
magnets, which were reported in 1983. While Nd2Fe14B 
has a high saturation magnetization of 1.61 tesla (T) 
at room temperature, it contains 11.8 atomic percent 
(at%) of the rare earth metal Nd (82.4 at% of Fe)(3). 
The ability to manufacture new magnetic materials 
that provide high magnetic properties using smaller 
quantities of rare earth metals than neodymium magnets 
will achieve green innovation after 30 years or so.

Hitachi has chosen R (Fe, M)12 (where R indicates 
a rare earth metal and M a transition metal) as a 
candidate for such new magnetic materials, because 
this configuration is recognized as the magnetic 
primary phase that uses the smallest amount of rare 
earth elements. R (Fe, M)12 exists as an equilibrium 
phase in which some of the element Fe has been 
replaced with a suitable amount x of a transition 
metal such as titanium (Ti) [transition metals include 
aluminum (Al), Si, Ti, Vanadium (V), chromium 
(Cr), Mn, molybdenum (Mo), and tungsten (W)](4). 
However, samarium-iron-titanium (SmFe11Ti), for 
example, which has a Curie temperature similar to 
Nd2Fe14B, is capable of magnetization only to 1.13 T 
at room temperature, despite having a high proportion 

of Fe atoms (approximately 84.6 at%)(4). In contrast, 
SmFe12, which does not contain any transition metal, 
has been reported(5) to have high magnetization of 
1.43 T, with a maximum thin-film thickness of about 
500 nm, because it is difficult to produce in bulk form. 
In other words, the problem with replacing some of 
the Fe atoms with a transition metal is that it tends 
to significantly reduce magnetization. In response, 
Hitachi focused on the Fe network in RFe12 with 
the aim of acquiring new knowledge to enable the 
production of new magnetic materials that could be 
used to make bulk magnets by determining on the 
basis of electron theory how saturation magnetization 
Ms is influenced by the transition metal required for 
structural stability. It chose yttrium (Y), a nonmagnetic 
element, as the rare earth metal, R.

The first step was a first-principles calculation of 
Y(Fe, M)12 in order to use electron theory to elucidate 
why adding a transition metal reduces magnetization 
(see Fig. 3). From the results, Hitachi found that 
the reduction in magnetic flux was due to the 
transition metal atoms adopting an antiferromagnetic 
configuration in which their magnetization moments 
were opposite that of the Fe atoms. This means that 
keeping the amount of transition metal to a minimum 
will significantly improve magnetization. Accordingly, 
the rapid quenching method* can be used for the 
manufacture of bulk magnets was adopted for the 
production of nonequilibrium-phase RFe12. This led 
to the world’s first successful production of YFe12 on 
a bulk scale (see Fig. 4).

A feature of light rare earths is that they cannot be 
used to produce RFe12, and it was found that production 
was possible only if at least the elements Y and 
gadolinium (Gd) were used. This can be understood 
to be a phenomenon specific to rare earths classified as 
belonging to the medium weight range. As the structure 
of the metastable-phase YFe12 produced was stable 
up to 900°C, it is often chosen for use in applicable 
magnet processes. This discovery was a breakthrough 
toward creating RFe12 bulk magnets, which had not 
been produced until now. The magnetic characteristics 
of YFe12 were determined at room temperature. The 
saturation magnetization measured by Mössbauer 
spectroscopy was 1.40 (5) T, the magnetic anisotropy 
field measured by the singular point detection method 
was 1.7 (2) T, and the Curie temperature obtained by 
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with a transition metal remains below the Ms for simple dilution 
(indicated by the solid line) in which the magnetic moment 
of transition metal M is taken to be zero. In contrast, the Ms 
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amount of Fe is reduced (indicated by the dotted line), exceeds 
Ms for simple dilution.

Y: yttrium   Fe: iron   Al: aluminum   Mo: molybdenum   W: tungsten   
Cr: chromium   V: vanadium

*  A cooling speed of 104 to 106 K/s is achieved by laying a thin film (10 
to 40 µm) of molten metal on a rapidly rotating copper roll to dissipate 
heat. The process can be used to produce metastable and amorphous 
phase materials and obtain samples in ribbon form.
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determining the point of inflection in the magnetization-
temperature curve was 212°C. Because these magnetic 
characteristics are low compared to Nd2Fe14B, there 
is a need to add appropriate elements to increase the 
magnetic performance. For example, calculations 
indicate that magnetization can be increased by 
removing Fe atoms at specific sites (see Fig. 3).

In addition to using theory and experiment to make 
further improvements in these magnetic properties, 
technical development is also needed to obtain a 
single phase.

HIGH-STRENGTH, CORROSION-RESISTANT 
ALLOY FOR 3D PRINTING OF METALS

In business fields, such as resources and energy, that 
require tolerance of harsh environments, for example, 
parts for chemical plants or oil and gas drilling 
equipment that are used under conditions where 
they are exposed to highly corrosive gases require 
high strength and corrosion resistance to improve the 
availability and longevity of equipment. This has led to 
interest in high-entropy alloys that have been reported 
to offer excellent tensile strength, wear resistance, and 
resistance to high-temperature oxidation or corrosion 
in the presence of acids or alkalis(6), (7). Being composed 
of a large number of different elements, high-entropy 
alloys are prone to composition variability during 
casting and are difficult to work due to their high 
degree of hardness. One option for overcoming 
these problems is the use of electron beam additive 
manufacturing whereby an electron beam is used to 
fabricate parts with complex shapes.

This additive manufacturing technique produces 
metal parts through a repeated process of localized 
melting and solidification during which an evenly-
spread metal powder is selectively exposed to an 
electron beam based on 3D computer-aided design 
(CAD) data. As a result, in addition to minimizing the 
need for machining, this energy-efficient process does 
not require a mold or other tooling, and significantly 
reduces material loss and energy consumption. This 
section describes new alloys that have been produced 
using a combination of electron beam additive 
manufacturing and heat treatment that delivers better 
strength and corrosion resistance than past materials.

Fig. 5 shows the tensile stress-strain curves and 
metallographic structure for a material produced by 
the conventional casting method, a material produced 
by additive manufacturing, and a material produced 
by additive manufacturing after being heat-treated. 
The material produced by additive manufacturing has 
tensile properties superior to those of the conventional 
casting method. This is believed to be due to the 
uniform precipitation of an intermetallic compound 
(Ni3Ti) that acts as a hardening phase as a result of 
the localized melting and rapid solidification that are 
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CONCLUSIONS

This article has presented innovative functional 
materials developed by Hitachi, describing 
thermoelectric materials that convert unutilized 
thermal energy into electric power, new magnets 
that achieve high-efficiency in electric motors while 
using smaller amounts of rare earth metals, and a 
high-entropy alloy with high strength and corrosion 
resistance that is manufactured using a low-energy 3D 
printing process. 

In the future, Hitachi intends to achieve green 
innovation by pursuing even higher performance in 
these materials.
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a characteristic of additive manufacturing. It was also 
found that malleability was significantly improved, 
without reducing tensile strength, by heat-treating the 
material produced by additive manufacturing, which 
causes the Ni3Ti to dissolve into the matrix phase. As 
shown in Fig. 5 (c), this is believed to be due to the 
precipitation of a fine ordered phase that has a high 
concentration of Ni and Ti with a size on the order of 
several tens of nanometers. That is, the microscopic 
precipitates act as only a weak impediment to the 
movement of dislocations.

The anodic polarization curves of the material 
produced by additive manufacturing before and after 
heat treatment were measured to study the effect of the 
above heat treatment on pitting corrosion resistance in 
a 3.5% solution of sodium chloride (NaCl) at 80°C. 
The results showed that heat treatment increases the 
pitting corrosion potential by 1.8 times, which rapidly 
increases the corrosion current density. It is believed 
that this is due to the greater uniformity associated 
with precipitate breaking down into fine particles as 
shown in Fig. 5 (c).

Fig. 6 shows a comparison of the tensile strength 
and pitting corrosion potential between the new 
alloy and conventional materials. This shows that 
the superior strength and corrosion resistance of the 
new alloy are superior to those of common corrosion-
resistant alloys like dual-phase stainless steel and 
the Ni-based alloy. In addition to further improving 
the properties of the new alloy, Hitachi also plans 
to trial it in actual environments with a view toward 
practical applications.
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WASTE HEAT RECOVERY SYSTEM USING 
HYDROUS ETHANOL

Assuming 100% of the energy in fuel, engines typically 
use only 30 to 40% for motive power, with 50 to 60% 
escaping as heat. This means that being able to recover this 
escaped heat could lead to the significant improvement 
of engine efficiency. Meanwhile, low-concentration 
ethanol fuel contains 60% or more water and 40% or 
less ethanol, with the high water content making it 
difficult to use as a fuel in this form. However, whereas 
the presence of water is detrimental to combustion, it can 
be advantageous in chemical reactions. This is because 
ethanol can react with water to produce hydrogen, 
which is extremely combustible. Moreover, because the 
reaction that produces hydrogen also absorbs energy (i.e. 
an endothermic reaction), it can be used to recover waste 
heat from the engine as chemical energy. This conversion 
to hydrogen requires heat of about 300 to 600°C and a 
catalyst, however, this temperature range exactly matches 
the range of heat found in engine exhaust. In other words, 
combining a hydrogen production system with an engine 
can create an ideal engine system in which waste heat 
recovered from engine exhaust is used to produce highly 
combustible hydrogen.

Waste Heat Recovery System Features
Fig. 1 shows the configuration of a waste heat 
recovery system that is fueled by low-concentration 

INTRODUCTION

MOVES to adopt renewable energy to reduce carbon 
dioxide (CO2) emissions are picking up pace around 
the world, with bioethanol being a powerful energy 
source of this type. In places such as Brazil and 
Southeast Asia, ethanol is being produced from sugar 
cane through fermentation and blended with gasoline 
after going through distillation and dewatering 
processes to achieve a concentration of 90% or higher. 
Unfortunately, because of the financial and energy 
costs associated with concentration by distillation 
and dewatering(1), the challenges facing expanded 
use of bioethanol include providing systems that can 
manufacture and use ethanol efficiently. This has 
led Hitachi to look into low-concentration hydrous 
ethanol, which has the potential to become a low-
cost fuel supply by eliminating the distillation and 
dewatering processes, and to set out to build an energy 
system of local production for local consumption. 
Because low-concentration ethanol contains a large 
quantity of water, one of its features is that it is not a 
dangerous fuel, and this safety can reduce investments 
in infrastructure. On the other hand, it is difficult 
to burn and therefore difficult to use. In response, 
Hitachi is developing an innovative engine system that 
combines engine combustion control technology with 
reforming technology that produces hydrogen from 
water and ethanol using waste heat from the engine.

OVERVIEW: With the aim of creating an energy system of low-cost local 
production for local consumption that can reduce CO2 emissions, Hitachi 
is developing technology for the highly efficient use of low-concentration 
bioethanol produced from unutilized locally available resources. Low-
concentration ethanol contains a large quantity of water, and while it is 
cheap and safe, it is also a fuel that is difficult to burn and therefore difficult 
to use. To develop an engine system that can run on this difficult-to-burn 
fuel, Hitachi has conducted technical trials for improving the efficiency 
and feasibility of a system that uses hydrogen produced from water and 
ethanol. In examining efficiency improvements, Hitachi has achieved a 
thermal efficiency of 45% by using lean combustion in an engine running 
on a hydrogen mixture, and in feasibility trials, it has conducted operating 
trials using fuel produced on Miyakojima Island.

Atsushi Shimada, Dr. Eng.

Yuzo Shirakawa

Takao Ishikawa

Innovative Technology for Using Bioethanol to Achieve a 
Low-carbon Society
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hydrous ethanol. While low-concentration hydrous 
ethanol has a high water content, it can be used to 
generate hydrogen using a chemical reaction called 
“reforming.” Because this reaction is endothermic, the 
fuel energy after reforming is higher compared to the 
fuel energy before reforming. In other words, the use 
of waste heat from the engine in this reaction means 
that this waste heat is recovered as fuel energy.

In the case of a reforming reaction that produces 
hydrogen and CO2 from hydrous ethanol, for example, 
the heat energy from combustion of the reformed gas 
is 1,452 kJ, which is 217 kJ higher than the 1,235 kJ 
of energy in the hydrous ethanol before reforming, 
representing an increase of approximately 1.2 times 
the fuel energy. Furthermore, because the hydrogen 
in the reformed gas is an extremely combustible 
component, supplying it to the engine enables 
combustion with an excess of air (lean combustion). 
Also, the octane rating of ethanol is 111, higher than 
the 90 to 100 octane rating of gasoline, meaning that 
it has an excellent anti-knocking effect, permitting 
the use of high compression ratio combustion. That 
is, the use of low-concentration hydrous ethanol as 
a fuel can dramatically boost the thermal efficiency 
of generation systems through the synergistic 
combination of waste heat recovery with the use of 
hydrogen for lean combustion, and high-compression-
ratio combustion(2), (3).

The following describes a theoretical analysis of 
the efficiency improvements provided by this waste 
heat recovery system.

Theoretical Thermal Efficiency Benefits
As noted above, an engine system that uses low-
concentration hydrous ethanol as fuel has the 
potential to provide a significant improvement in 
thermal efficiency. To assess the extent of these 
improvements, a theoretical analysis was used to 
conduct a stepwise estimate of the respective increases 

Lean/high-compression-
ratio combustion

Low-concentration
hydrous ethanol

Reformer

Reformed gases
(H2, etc.)

C2H5OH + nH2O 2CO + 4H2

1,533 kJ (298 kJ increase)

2CO2 + 6H2

1,452 kJ (217 kJ increase)

Endothermic
reaction

Recovery of waste heat by fuel reforming

Catalyst

Exhaust heat

Ethanol
1,235 kJ

Recover
waste heat

Intake air Exhaust

Fig. 1—Waste Heat Recovery System Using Low-concentration Hydrous Ethanol.
The figure shows the system configuration when using low-concentration hydrous ethanol to fuel an engine. The reforming reactor uses 
waste heat from the engine to produce a reaction gas containing hydrogen from low-concentration ethanol via a catalytic reaction. 
Because this reaction is endothermic, exhaust heat that would otherwise be lost is chemically recovered in the form of fuel energy.

C2H5OH: ethanol   CO: carbon monoxide   CO2: carbon dioxide   H2: hydrogen
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Fig. 2—Improvement in Theoretical Thermal Efficiency.
The figure shows the results of trial calculations made for 
improvements in theoretical thermal efficiency when waste 
heat recovery, lean combustion, and high-compression-
ratio combustion are performed. The results indicate an 
estimated 38% improvement in thermal efficiency compared to 
conventional combustion.
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in thermal efficiency due to the use of fuel reforming 
as a means of waste heat recovery, the use of hydrogen 
for lean combustion, and for high-compression-ratio 
combustion (see Fig. 2).

The greater the proportion of reformed gas 
(indicating the extent to which the hydrous ethanol has 
reacted), the greater the quantity of recovered waste 
heat. A maximum improvement of 20% is possible 
compared to conventional thermal efficiency when 
reforming is not used. Synergistically combining the 
benefits from using the hydrogen in the reformed 
gas for lean combustion and from using a higher 
compression ratio, has the potential to improve the 
theoretical thermal efficiency up to a maximum of 
38%, compared to conventional thermal efficiency.

As these results indicate that use of low-
concentration hydrous ethanol as a fuel offers a 
significant improvement in thermal efficiency, Hitachi 
has conducted efficiency improvement trials on a test 
engine as well as feasibility trials with the aim of early 
implementation of high-efficiency engine systems 
capable of using low-concentration hydrous ethanol 
in society as soon as possible. This article describes 
some details of this work.

TEST ENGINE TRIALS FOR IMPROVING 
EFFICIENCY

Hitachi conducted trials on a test engine aimed at 
improving efficiency by using low-concentration 
hydrous ethanol. The trials used a 2.5-L displacement, 
40-kW output test engine. Testing was conducted 
under the three conditions listed below to determine 
the base engine efficiency when fueled by ethanol 
alone, the benefits of mixing in hydrogen, and the 
benefits of waste heat recovery.
(1) Using high-purity ethanol as a fuel
(2) Using a mixed gas of hydrogen and CO2 supplied 
from a commercial gas cylinder
(3) Using hydrous ethanol supplied to a system with 
a built-in reforming reactor

The efficiency improvement was studied based 
on low-concentration hydrous ethanol under two 
different conditions, with ethanol concentrations of 
26% and 38% respectively, by coordinating control in 
consideration of the heat balance of the engine and the 
reforming reactor, and by controlling the combustion 
timing based on the combustion pressure in the engine.

Whereas the thermal efficiency when running 
the test engine on high-purity ethanol with a 
stoichiometric air-fuel mixture was only 36%, this 

improved significantly when using hydrogen-mixed 
combustion to enable combustion with excess air (lean 
combustion). When the effects of chemical waste heat 
recovery provided by incorporating the reforming 
reactor were added, a maximum thermal efficiency 
of 45% was achieved with an ethanol concentration 
of 38% (see Fig. 3).

The efficiency remained in the 43 to 44% range 
even when running with an ethanol concentration of 
26%, indicating significant efficiency improvement at 
both concentrations. In terms of nitrogen oxide (NOx) 
engine emissions, which are subject to regulatory 
controls, the system with the built-in reforming reactor 
had emissions in the 800- to 200-ppm range, much 
less than the 1,600 ppm for ethanol combustion. In 
particular, using an excess air ratio of 1.8 or more 
satisfies the regulations with emissions in the 400- to 
200-ppm range, indicating that the system is able to 
achieve both high efficiency and low NOx emissions.

In the future, Hitachi intends to continue pursuing 
even higher efficiencies and lower NOx emissions 
through measures such as higher compression ratios 
and improvements in waste heat recovery.

OPERATIONAL TRIALS AT MIYAKOJIMA 
ISLAND FOR FEASIBILITY STUDY

Because low-concentration hydrous ethanol is a new 
type of fuel that contains a large quantity of water, its 
feasibility requires the standardization of things like 
fuel and engine components. Accordingly, Hitachi 
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Fig. 3—Test Results of Efficiency Improvement Study.
The graph shows the thermal efficiency results obtained using 
a 40-kW test engine. A thermal efficiency of 45% was achieved 
using hydrous ethanol with an ethanol concentration of 40% 
or less.
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conducted technical trials on Miyakojima Island in 
Okinawa prefecture aimed at the standardization of 
things like engine components and oil. The technical 
trials involved the performance testing of a prototype 
engine-generator fueled by a 40%-hydrous ethanol 
produced from raw molasses and obtained from an 
ethanol production process technology demonstration 
project run by the trial partner, the Miyakojima Bio-
Industrial Innovation Agency. The trials also included 
monitoring of pistons, piston rings, and other engine 
components, as well as changes in the properties of 
the engine oil (see Fig. 4).

With a view toward feasibility, the system was 
modified in only three places (see Fig. 5). The first 
modification was of the air intake to provide an inlet 
for the gas produced by the reforming reactor. The 
second modification was the fitting of injectors on each 
cylinder next to the intake valves to supply the low-
concentration hydrous ethanol. The third modification 
was attaching the reforming reactor’s connection port 
to the exhaust pipe to connect the reforming reactor.

The engine control system was left as-is, because 
switches on the side panel of the engine-generator 
unit can be used to operate it. A personal computer 
was used to build a control system capable of freely 
modifying the quantity of hydrous ethanol to inject and 
the quantity of reformed gas to use as required, since 
these are operated by the controller of the reforming 
system (see Fig. 4).

Because the system used a diesel engine, ethanol 
fuel could not be used directly as a fuel. Accordingly, 
the existing diesel supply line was left as-is, with the 
engine operating as a dual-fuel system in which the 
diesel served as the ignition agent. To improve the 
thermal efficiency of the reforming reactor system, 
heat exchange between the high-temperature gas 
discharged from the reforming reaction and the 
low-temperature hydrous ethanol fuel was used to 
simultaneously cool the reformed gas and preheat the 
fuel. This significantly improved the thermal efficiency 
of the system by recovering the heat of vaporization 
and sensible heat of the hydrous ethanol fuel from the 

Engine

Reforming reactor

Heat exchanger

Reforming 
system controller

Fig. 4—Feasibility Test Engine System Installed at Miyakojima 
Island.
The photo shows the prototype system, which has a partially-
modified 60-kW diesel engine. Feasibility testing was conducted 
using a low-concentration hydrous ethanol, with an ethanol 
concentration of 40% or less, produced from Miyakojima 
molasses.
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Reaction gas produced by 
the reforming reactor is 
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directly to the engine air intake
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The reforming reactor that reforms the 
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Fig. 5—Configuration of Engine 
System Installed for Feasibility 
Trials.
The diagram shows the 
modifications made to 
supply hydrous ethanol to a 
commercially-available engine 
system.
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In the future, Hitachi intends to use island locations 
as a starting point for pursuing industrial revitalization 
and vitalization of local economies by building locally 
autonomous energy systems, including integration 
with wind and photovoltaic power generation systems, 
and expanding new applications using safe and low-
cost ethanol fuel from many unutilized resources by 
using low-concentration hydrous bioethanol as a fuel.
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high-temperature reformed gas. The high water content 
of low-concentration hydrous ethanol meant that the 
heat of vaporization of the water was extremely high. 
Although this posed a major issue because, in addition 
to using high-temperature waste heat in the reforming 
reaction, heat is lost to fuel vaporization, the problem 
was solved by installing a heat exchanger, enabling 
the system to be made both smaller and more efficient.

The system became fully operational in December 
2015 and had recorded around 200 hours of operation 
as of this writing. Under these initial conditions, no 
adverse impact has been observed on the engine 
components and engine oil. The system will continue 
operating into the future, and data will continue to be 
collected on its feasibility.

CONCLUSIONS

Ethanol production dates back thousands of years. 
In Japan, up until now there have been efforts to 
produce ethanol for use as a fuel from not only 
sugar cane but also rice, wheat, and wood, as well as 
from waste products such as food scraps and paper. 
Whereas conventional bioethanol concentrations have 
been 90% or more, being able to use bioethanol at 
concentrations of 40% or less is making it possible to 
achieve both safety and low cost, with potential for use 
as a form of local distributed power generation with 
significant reductions in CO2 emissions compared to 
oil-fired generation.
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This article describes what Hitachi is doing to 
facilitate wider adoption of regenerative medicine.

HOPES AND CHALLENGES FOR 
REGENERATIVE MEDICINE

Regenerative medicine opens up the possibility of 
providing previously unavailable new treatments such 
as using processed cells for overcoming previously 
untreatable diseases and for reconstructing tissues. By 
providing cures for patients, it can also help reduce 
medical costs and health insurance premiums by 
eliminating the need for long-term hospitalization or 
drug regimes. 

It is being forecast(1) that the market for regenerative 
medicine will grow rapidly from 2020 onwards as 
increasing clinical use is made of induced pluripotent 
stem (iPS) or embryonic stem cells, reaching a 
predicted market size of 17 trillion yen globally by 
2030, including the associated industries.

Currently still in its infancy, one of the most 
important issues currently facing regenerative medicine 
is the research and development of therapeutically 
effective cells. Precise and efficient culturing 
techniques for getting cells to differentiate into the 
desired cell type based on basic findings are actively 

INTRODUCTION

REGENERATIVE medicine, the technique of 
transplanting cells, the smallest units of life, into 
the human body to treat disease is now entering 
practical use. Regenerative medicine is subject to 
high public expectations as an innovative approach to 
medicine that will make it possible to cure diseases 
that are difficult to treat with conventional medicine, 
treating them instead by transplanting certain healthy 
biological tissues into the body.

The production of cells for regenerative medicine 
involves many steps from harvesting the source cells 
from an individual to finally transplanting the cells 
into the patient, including cell preparation, culturing, 
processing, testing, and transportation. Essential to the 
commercialization and popularization of regenerative 
medicine will be the establishment of new cell value 
chains that differ significantly from the ways in 
which conventional low-molecular-weight drugs 
and biopharmaceuticals are produced and supplied. 
There are high hopes that wider use of regenerative 
medicine will restore large numbers of patients to 
health by supplying hospitals with sufficient quantities 
of cells that are therapeutically effective and safe, in 
a timely manner.

OVERVIEW: Regenerative medicine is an innovative approach to medicine 
that will make it possible to overcome diseases that are difficult to treat 
with conventional medicine. It also represents a new industry in which high 
growth is anticipated. Regenerative medicine is still in its infancy with many 
challenges still remaining, such as conducting research and development 
of therapeutically effective cells, assuring safety, reducing cell production 
costs, establishing cell logistics, and establishing hospitals for regenerative 
medicine. It is hoped that regenerative medicine will enter widespread use, 
overcoming these challenges and establishing the capabilities to deliver high-
quality cells to hospitals in sufficient quantities and at a reasonable cost. In 
addition to engaging in research and development aimed at commercializing 
and popularizing the latest basic and applied research through a process 
of open innovation, Hitachi will bring together the technology and know-
how it has acquired through related business activities to establish new cell 
value chains. In this way it will contribute to the creation of a society in 
which everyone can live a long and healthy life with access to the benefits 
of regenerative medicine.

Shizu Takeda, Ph.D.

Realizing the Future that Regenerative Medicine Will Open
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being researched, primarily in academia. A second 
important issue, assuring safety, is of equal importance 
to efficacy. As the amount of clinical data available 
on regenerative medicine remains comparatively 
small, the time and expense for research on safety 
is as much as or even more than that for research on 
safety. A third challenge for the commercialization 
and popularization of regenerative medicine is how to 
bring down cell production costs, an issue that needs to 
be addressed by industry in particular. The current high 
cost of cell production is one of the major obstacles to 
the wider adoption of regenerative medicine.

To establish a suitable environment for 
industrialization, the Act on the Safety of Regenerative 
Medicine, etc. and the Revised Pharmaceutical Affairs 
Law came into force in Japan in 2014. The provisions 
included a system for accelerated approval of cell 
products and the ability to outsource activities to 
cell culturing providers. The companies involved in 
regenerative medicine need to develop products and 
services that enable the supply of safe and effective 
cells at a reasonable cost through collaboration 
between industry, government, and academia.

HITACHI’S VISION

Hitachi is currently engaged in numerous activities 
intended to facilitate the future medical practices made 
possible by regenerative medicine. As noted in the 
introduction, there are various different steps in the 
cell value chain, each of which requires a large number 
of products and services.

Hitachi can build cell value chains and provide 
comprehensive support for regenerative medicine 
by combining the facilities, equipment, device 
development capabilities, control and operation 
technologies, process management technologies, and 
information technology that it has built up primarily 
through its businesses in the medical product, 
semiconductor manufacturing, diagnostic, and 
healthcare fields(2), (3) (see Fig. 1).

Hitachi bases its business operations around an 
extensive portfolio of technologies related to cell 
production, with existing businesses including the 
design and construction of cell processing facilities, 
safety cabinets and other equipment, bacteriological 
analyzers, and process management systems. Its clinical 
testing techniques for biochemistry and immunology 
can be extended, not only to blood testing before and 
after transplantation, but also to the monitoring of 
cell culture supernatants. Hitachi is also expanding 
its diagnostic imaging equipment business, which 
includes medical equipment for magnetic resonance 
imaging (MRI) and ultrasound before and after 
transplantation. In a new initiative, Hitachi Chemical 
Co., Ltd. plans to launch a contract cell manufacturing 
business for regenerative medicine in 2018.

In terms of research and development, 
Hitachi, Ltd.’s Center for Exploratory Research is 
developing(4)–(7) a closed-system automated cell 
culturing technique with excellent sterility.  Automated 
cell culturing technology is critical to the growth of the 
regenerative medicine industry, being a key technology 
for resolving issues with existing manual techniques, 

Cell value chain in regenerative medicine

Hospital

• Facilities and equipment
• Therapeutic devices
• Diagnostic imaging systems
• Clinical analyzers
• Medical information 

management systems

• Facilities and equipment
• Culturing and inspection 

equipment
• Culture media and reagents
• Culturing wares and vessels
• Production management 

systems
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Trans-
plantation

Cell culture
processing

Trans-
portation
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Hitachi supplies patients with safe and high-quality cells through the development of facilities,
equipment, and devices, and the application of control and operation technologies, and IT

Fig. 1—Cell Value Chain in Regenerative Medicine.
Hitachi uses the technology and know-how acquired through its research and development and business activities to provide 
comprehensive support for regenerative medicine.
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which include productivity, achievement of reliable 
quality, labor costs, and the operation and maintenance 
costs of cell processing facilities. While customized 
medicine using somatic stem cells and autologous 
transplantation is currently in the mainstream, the 
production of cells in high volumes will be essential 
in the future for regenerative medicine using allogenic 
transplantation, which involves use of iPS cells, an 
area in which Japan is a world leader (see Fig. 2). 
Because regenerative medicine using autologous 
transplantation involves single-lot cell production, 
the cell production unit cost for each treatment is 
expensive. In particular, there are significant costs 
associated with culturing the source iPS cells and 
pre-delivery quality inspection after production when 
these are used in regenerative medicine, and this is a 
high barrier to its becoming a widespread medicine.

Kyoto University is currently building up a stock 
of iPS cells for use in allogenic transplantation for 
regenerative medicine. Allogenic transplantation 
involves the high-volume production of cells, with 
one lot capable of being used in the treatment of 
many patients, so it has the potential to significantly 
reduce the cost of production through economies of 
scale. This should prove particularly beneficial in the 
application of iPS cells where the costs associated 
with production and quality inspection are high. High-
volume production also has great benefits for quality 
management. Although it uses cells from a donor, 
which requires patients to take immunosuppressants, 
allogenic transplantation is recognized for its potential 
to supply patients with therapeutic cells produced 
from iPS cells at a reasonable cost. To facilitate the 

wider adoption of regenerative medicine, it is hoped 
that allogenic transplantation using iPS cells will soon 
enter practical use.

RESEARCH AND DEVELOPMENT BASED 
ON OPEN INNOVATION

To achieve wider adoption of regenerative medicine, 
Hitachi is developing techniques for the mass 
production of cells by engaging in open innovation 
with academic institutions that have leading-edge 
cell culturing techniques and working with national 
projects. A particular feature of these techniques 
is the use of automated culturing in a closed space 
to maintain a sterile environment in accordance 
with the Good Gene-, Cellular-, and Tissue-based 
Products Manufacturing Practice (GCTP). The closed-
system culturing space that prevents contamination 
by microorganisms from the outside environment, 
etc. is a minimal amount of space, limited to just 
the interior of the culture vessel, the connected fluid 
supply tubes, and bottles. Detachable modules are 
used for the culture vessel, tubes, and bottles that 
make up the contiguous culture space and fluid supply 
circuit, and their interiors are sterilized using gamma 
radiation prior to automatic culturing. Modules have 
an extremely safe design(5)–(7) because they are single-
use to prevent cross-contamination between patients 
and between lots. Furthermore, a unique fluid supply 
mechanism enables culturing to be performed in 
parallel using multiple vessels.

Hitachi’s automated cell culture equipment can 
be used for a wide range of adherent cells, including 

Breakthrough in progress from customized medicine to widespread medicine

Customized medicine Widespread medicine

Autologous 
somatic stem 
or iPS cells

iPS or ES 
cell stocks

Autologous
transplantation

Allogenic transplantation

Ampli�cation
processing

Existing practice (manual) Mass ampli�cation processing
(Automated cell culturing)

Fig. 2—Breakthrough in Progress from Customized Medicine to Widespread Medicine.
The use of high-volume automated culturing to produce cells at a reasonable cost can transform regenerative medicine from 
customized medicine to widespread medicine.

iPS: induced pluripotent stem   ES: embryonic stem
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epithelial and iPS cells. They can be broadly divided 
into small-scale systems with comparatively small 
culture vessels that are easier for processing cell 
products such as cell sheets, etc., and systems intended 
for culturing on a high-volume scale where the aim 
is cell amplification. These systems can meet both 
current and future needs on multiple scales, from small 
scale to large scale (see Fig. 3). Hitachi has engaged in 
joint research with Tokyo Women’s Medical University 
to undertake trials of automated cell sheet culturing 
of rabbit corneal epithelium and human oral mucosal 
epithelium cell sheets for use in regeneration of the 
cornea and regeneration after surgery for the removal 
of esophagus cancer, demonstrating that automated 
culturing of cell sheets can achieve similar quality to 
manual culturing techniques(4)–(10).

Hitachi has participated along with Sumitomo 
Dainippon Pharma Co., Ltd. and Kyoto University in 
the Project Focused on Developing Key Evaluation 
Technology: Evaluation for Industrialization in the 
Field of Regenerative Medicine run by the Japan 
Agency for Medical Research and Development 
(AMED), developing key technologies for validating 
process improvements associated with the adoption of 
high-volume automated cell culture equipment for the 
mass production of iPS cells.

In an analysis of comprehensive gene expression 
in undifferentiated iPS cells using DNA microarrays, 
which serve as one of the primary assessment criteria, 

a strong correlation with respect to gene expression 
between closed system cultures with a large area 
(500 cm2) and the conventional manual open system 
cultures with 6-well (10 cm2) plates [see Fig. 4 (a)]. 
Furthermore, flow cytometry using the SSEA-4 and 
TRA-1 antibodies that act as undifferentiated markers 
found a high marker positive rate for closed system 
cultures with a large area, similar to that for manual 
culturing, indicating that the iPS cells had been 
maintained in an undifferentiated state [see Fig. 4 (b)].

CONCLUSIONS

It is thought that many patients may be looking forward 
to the commercialization and popularization of 
regenerative medicine as a way to overcome diseases 
that are difficult to treat using conventional medicine. 
Hitachi would like to create a future society in which 
everyone can benefit from regenerative medicine by 
combining not only its facilities, production equipment, 
and various instrument businesses, but also its cell 
transportation technologies, operational technologies, 
and information management technologies to build 
cell value chains that can deliver sufficient quantities 
of high-quality cells.
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Special Contribution

Sensory organs capture external information (the so-
called five senses), then the information is processed in 
the brain (information system), and the result is output 
using muscles—a comprehensive system consisting 
of the sensory system (input), the central information 
processing system and the action system (output). 
Furthermore, overlaying the circulatory system, 
which is related to metabolism and energy, and the 
information system exists self-consciousness. From the 
perspective of “the matter system and the information 
system,” the current world is nearing a human-like 
system, the whole society being symbolized by “Brain 
and Mind.”

The Internet of Things (IoT), which recently 
has drawn much attention, is an example of the 
combination of the matter system and the information 
system via a network. This concept exists ubiquitously 
as part of the world of nature(1, 2). In this paper, I 
attempt to extrapolate the histories of science and 
industry from ancient times to the modern era to the 
future. Furthermore, innovations in R&D will be 
discussed from the perspective of “looking back from 
the future.” As is addressed later, only homo sapiens 
can think about the future(3). Being at an extraordinary 
point in the history of evolution, “human ethics” is 

INTRODUCTION

WE (homo sapiens) are now at an extraordinary point, 
or a singularity point, in the evolution of lifeforms 
because brain-science-based new information 
processing and applications of induced pluripotent 
stem cells (iPS cells) and gene editing of human 
beings are becoming real. The former is exemplified 
by deep learning using an artificial neural network 
and the latter by the surfacing possibility of creating a 
human using partial skin from a person and re-forming 
a human into a desired person for someone simply by 
inserting or deleting a certain gene. Related animal-
based R&D is already ongoing. There is an urgent need 
to establish “New Ethics” or new ethical guidelines.

Human body parts and organs comprise matter, 
whereas the human information system such as the 
peripheral nervous system that spreads throughout 
the human body forms a vast and intricate nervous 
network, combined with the brain, which is the center 
of the central nervous system, through the spinal cord, 
which is the hub. It also has been uncovered that the 
intra-brain insula, located behind both temporal lobes, 
collects information regarding the condition of the 
body and is in charge of one’s physical condition. 

OVERVIEW: From the perspectives of physics and brain-science, the key 
to realizing future innovation is exploration with a comprehensive view 
of the world of nature, which consists of matter (energy) and information 
(entropy). With a special focus on human beings residing in the world of 
nature—homo sapiens, which acquired languages and symbols, the author 
(hereinafter, “I”) would like to consider the further evolution of homo 
sapiens. Science and technology with a high possibility of realization in the 
near future such as the formation of new intelligence based on brain-science, 
the production of life using artificial stem cell technology and human beings 
designed by gene editing have unprecedented significance. In other words, 
human beings are at an extraordinary point in the evolution of lifeforms. 
From this perspective, we need to consider the meaning of ethics, which 
is necessary in science and technology as well as business entities. At the 
same time, I would like to examine the R&D activities conducted by business 
corporations. Lastly, revisiting the significance of the vision of the Hitachi 
Group at its dawn, I would like to emphasize the current importance of 
establishing new ethical guidelines.

Hideaki Koizumi, Ph.D. 

R&D That Contributes to Human Beings and Society

Creating New Ethics



476      Creating New Ethics

- 106 -

increasingly important. I would like to discuss human 
ethics from the perspectives of bioethics and corporate 
social responsibility (CSR).

THE WORLD OF NATURE WHERE MATTER 
AND INFORMATION INTERACT

New Brain Function Distinct to Homo Sapiens
René Descartes (1596–1650) stated Cogito ergo sum 
(I think, therefore I am) (Discours de la méthode) 
and Blaise Pascal (1623–1662) stated that “man is 
a thinking reed” (Pensées). Thinking/considering is 
a brain function, therefore to know the brain leads 
to knowing the essence of human beings. In this 
sense, brain-science research is deeply related to the 
humanities and the natural sciences, which differs 
significantly from conventional natural science 
research. Moreover, the research results directly affect 
the core of our lives and thoughts. Observing the 
recent cutting-edge neuroscience, I think such research 
has started to cast a new light on an unprecedented 
discussion in the humanities, including philosophy 
and ethics, and in the social sciences and education, 
including economics and sociology.

Furthermore, the recent success of the genetic 
analysis, fully utilizing informatics, of the fossil 
remains of the bone marrow of Neanderthals, which 
existed 40,000 years ago, reported a language gene 
that mutated for the first time at the stage of homo 
sapiens(4). In the 1990s, when the movie Jurassic Park 
was released, research on a wrong gene extracted from 
an infected fossil remain was reported worldwide, 
but recent gene analysis results announced by the 
Max-Planck Institute for Informatics (Germany) are 
considered to be highly reliable(5).

Homo sapiens acquired a hierarchical grammar for 
the first time in the long history of evolution. It is highly 
possible that the acquisition of a hierarchical grammar 
enabled homo sapiens to acquire the ability to plan 
the future(6). We have developed functional magnetic 
resonance imaging (fMRI) and optical topography 
(OT)/functional near-infrared spectroscopy (fNIRS) 
and researched the true nature of language. Through 
such research, I found that it is impossible to think of 
a future without language or symbols(3).

Peter F. Drucker (1909–2005), a scholar on 
business management, frequently used the expression, 
“create a future.” From the aspect of the brain, only 
homo sapiens possesses the ability to create a future. It 
has been uncovered that behind the language function 
exists the phonetic loop of the language area of the 

brain including the working memory of the prefrontal 
area. It is highly possible that homo sapiens conducts 
sophisticated thinking even at the subconscious level, 
utilizing a linguistic phonetic loop(3). Furthermore, 
human language possesses a function of displacement, 
which allows one to transcend space and time easily, 
and arbitrariness, which allows one to express a 
situation that does not exist in the world of nature.

Although the ability of homo sapiens to predict the 
future is considered to have helped achieve significant 
developments, this ability also created karma to 
deeply worry about the future. Thoughts about one’s 
own future eventually end with a scenario of death. 
With a hypothesis that this point might be partially 
responsible for mental illness, research is under 
way on the development of differential diagnoses of 
major emotional disorders (depression, bipolar and 
schizophrenia) using optical topography.

Thanks to the efforts of doctors in the mental 
illness departments of many universities and national 
research institutes, optical topography was approved 
as a method to assist with differential diagnoses of 
symptoms of depression by the Ministry of Health, 
Labour and Welfare under its Advanced Medical 
Treatment Evaluation System in 2009. In the mental 
disease treatment field, which used to have only limited 
methods such as questions/answers and observations, 
optical topography is the first officially approved 
method to assist in differential diagnoses. Moreover, 
health insurance started to cover this method in 2014.

Looking Back from the Future
Whether for R&D or business development, it is 
important to project the future accurately. A future 
is created by ubiquity and historicity. Although it 
is difficult to predict historicity-based occurrences 
that are highly coincidental (e.g., genetic drift), it is 
possible to predict a future that should happen based 
on the ubiquity. As mentioned earlier, the ability to 
predict the future was first acquired by homo sapiens in 
the long history of evolution. If the future can be read 
accurately, R&D and businesses will not go wrong.

Dr. Taro Takemi (1904–1983; former president of 
the Japan Medical Association and the World Medical 
Association) presented the concept of “looking back 
from the future” in 1976(7, 8). In other words, viewing 
the present from the past, that view is extrapolated 
to the future. Furthermore, by projecting from the 
estimated future to the present, a controlled future can 
be achieved. According to Dr. Takemi, this concept 
originated in Inmyo (hetu-vidyaa) theory, which is the 



Hitachi Review Vol. 65 (2016), No. 9      477 

- 107 -

logic of ancient India(9, 10). As per my understanding, 
this concept is described in Fig. 1(11, 12).

In the 1990s, in environmental activities mainly 
in Sweden, a similar method called backcasting was 
proposed and researched(13, 14). Backcasting, which 
is also a concept included in “looking back from the 
future,” lately has been utilized often in Japanese 
national projects.

Background of the Era of Innovation and IoT
The whole world regards the term innovation as a 
key to economic development. Drucker stated that 
marketing, which creates customers, and innovation, 
which creates markets via customers’ new desire/
needs and satisfaction, are the two wheels of a vehicle 
and the steering wheel is the business management 
necessary to realize the purposes of the company(15). 
A “new combination (neue Kombination),” which 
is the original meaning of innovation indicated by 
Joseph A. Schumpeter (1883–1950) in his Theorie der 
wirtschaftlichen Entwicklung (Theory of Economic 
Development) in 1912, also has deep significance. If 
innovation, which creates new meaning and functions, 
is understood as a “new combination,” this meaning 
becomes significantly different from “technological 
revolution,” a translation in a narrow sense indicated 
in an early white paper on science and technology 
and Drucker’s innovation. Without the emergence of 
something completely new, such is not innovation in 
its original meaning. In other words, the purpose of 
innovation is not gradual progress toward a visible 
goal but to create a non-continuous leap or emergence. 
Non-continuous emergence is not visible at the 
beginning. R&D that gradually progresses is for direct 

problems, whereas inverse problems are solved by a 
non-continuous leap and emergence because such a 
process is to find out new value that has never been 
seen before from many combinations of solutions.

Schumpeter was afraid that capitalism might 
decline due to the cessation of innovation. He was 
afraid of a structural impediment: As economic 
development continues through innovation and 
society becomes more affluent, people would lose their 
hungry spirit or passion, resulting in a shortage or the 
disappearance of the entrepreneurs and technologists 
to lead the innovation. As the functions of the reward 
system of the brain are clarified, this tendency becomes 
more visible. Naturally, innovation is also caused by 
a brain function.

As mentioned above, the birth of IoT is considered 
to be a natural consequence, reflecting the background 
of the times. As described in Fig. 2, it is because 
the world of nature itself comprises matter and 
information. The first law of thermodynamics explains 
that energy (mass) does not change and the second law 
of thermodynamics explains that entropy, meaning 
order and information, always increases. The world 
of nature and the world of human beings both consist 
of matter, structure and information. The relation 
between “the brain and the mind” becomes the 
relationship between “matter and information,” also 
corresponding to the relationship between physics 
(body, matter) and metaphysics (mind, information). 
Where the structure is in order, information exists and 
entropy is low. The duration of a quantum system in 
a certain quantum state staying in the same state is 
determined by the size of the combined energy as 
expressed by Schrödinger. This equation predicts, for 
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Project a future based on the past and 
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from the Future*

From a natural 
future to an 
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Fig. 1—Concept of Looking Back from the Future.
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Fig. 2—World of Nature Consisting of Matter and Information.
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example, DNA stability or the probability of mutation. 
In other words, this equation predicts that even the 
Pyramid and the Sphinx will deteriorate over time and 
eventually return to sand and dust.

In the same way that human beings acquired body 
as a “matter” system and the brain as an “information” 
system, various types of equipment, which are also 
“matter” systems, evolved to be equipped with an 
“information” system, which corresponds to the brain. 
Having undergone a 3.5-billion-year evolution of life 
with the clear existence of fossil remains, the entire 
human brain has been optimized. The modern era is 
when massive volumes of fully evolved information 
systems have entered equipment (matter systems).

Turning Point of the Era
The root of information technology is so-called digital 
technology, which originated in Chinese Yì, which 
started several thousand years ago. The digital “1” 
and “0” correspond to the two elements of “y nyáng.” 
Divinatory symbols (trigrams) were defined in the 
binary system (see Fig. 3). Later, approximately 2,500 
years ago, the basics were compiled in “Zhou Yi” (Yì 
J ng)” as one of the Four Books and Five Classics.

Gottfried W. Leibniz (1646–1716), a German 
philosopher and mathematician, who was also deeply 
familiar with ancient Chinese culture, completed a 
binary system in 1698, receiving ideas from Zhou Yi, 
in which he had a strong interest. In addition, Leibniz 
devised a formal language in logic (which later became 
Boolean algebra) and further produced a mechanical 
calculator. However, it took nearly 300 years until 
the practical application of the initial electronic 

calculator in the 1940s–1950s. The more significant 
the innovation, the more time that is required to achieve 
it. As an example of innovation, I would like to reflect 
on the history of such information equipment.

Although the processing of bio-information tends 
to be considered to be analog processing, animals’ 
information processing is, in principle, digital. Signals 
sent to nerves exceeding a threshold are regarded as 
1 and those not exceeding the threshold as 0. This 
mechanism is important in understanding the inherent 
nature of life (see Fig. 4). Moreover, energy in the 
world of nature is quantified, therefore it is digital.

In the process up to the realization of an electronic 
calculator, a leap occurred in printing technology, 
that is, photolithography to produce a semiconductor 
device. This concept of printing was born in China 
more than a thousand years ago. Precision printed 
products with a clear year of production include 
“HYAKUMANTO DARANI” of the Horyu-ji temple 
(printed in 770) and “KONGOKYO” (The Diamond 
Sutra) discovered in D nhuáng (printed in 868).

Johannes G. Gutenberg (1398?–1468), a German, 
advanced woodblock printing to a metal letterpress 
printing system and achieved large-volume printing 
of an exquisite Bible in 1455. This technique led to 
recent 3-D printing. 

Later, a vacuum tube was invented by John 
Ambrose Fleming (1849–1945) in 1904—the birth 
of electronics. Although the basic principle (Edison 
Effect, 1883) was discovered by Thomas Alva Edison 
(1847–1931) when he produced the electric light 
bulb, he did not appreciate its importance and did not 
apply for the basic patent. Although the performance 
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scale arithmetic circuits, which are impossible with 
vacuum tubes, have supported information processing 
technology. It is therefore becoming possible to mount 
information processing equipment with functions of 
the brain or central nervous systems onto many kinds 
of equipment. As a result, the IoT era emerged as a 
natural consequence. This trend had been predicted 
long ago by “looking back from the future” (see Fig. 6).

Ultimate Evolution of Human Beings
Another extraordinary point of this era is a new 
challenge regarding the handling of life by the life 
sciences and bioengineering. It is now undeniable that 
with sufficient funds it is becoming possible to create 
a human artificially and design a human who meets 
certain purposes and intentions. The aforementioned 
iPS cell and other stem cell engineering is rapidly 
developing in the name of regenerative medicine. 

of vacuum tubes is defined by model numbers, the 
internal structure varies significantly according to 
the manufacturer. In the process of shifting from 
individually produced vacuum tubes to semiconductors 
produced using a duplicating technology (printing), a 
qualitative change occurred in manufacturing (see 
Fig. 5). Photolithography, which became possible due 
to the characteristics of semiconductors, helped realize 
highly reliable high-density integrated circuits (ICs). 
(Regarding the use of vacuum tubes, two vacuum 
tubes with three electrodes are required per bit, 
therefore 1 kB requires approximately 16,000 vacuum 
tubes, which made it difficult to achieve a full-scale 
practical application of electronic calculators using 
vacuum tubes.)

It took approximately 300 years for a practical 
electronic calculator to be achieved after undergoing 
all the above processes. Ultrahigh-speed and large-
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Production of individual products Duplicates
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Integrated circuit

Ultrahigh-density integrated circuits

DNA duplication, woodblock 
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a system by dividing the system into components, 
or to “analyze,” which leads to the reductionism 
addressed by René Descartes in his Discours de 
la méthode. (Although Descartes explained that a 
final understanding is obtained by comprehensive 
summarization after the analysis, this point is often 
overlooked.)

On the other hand, engineering is to create human 
artifacts in the world of nature. Therefore, everything 
that is created by human beings is in the domain of 
engineering. Even if a wonderful scientific discovery 
occurs, the discovered attribute was inherent in nature 
and was not created by human beings.

The word stem of technology, “techno-,” has the 
same root as the ancient Latin “ars” and refers to human 
activities to produce artifacts by imitating nature.

In R&D, it is crucial to distinguish these three 
orthogonally intersecting (completely different) 
concepts and manage and plan them. Furthermore, 
it is important here that ethics is required especially 
from engineering and technology (art), rather than 
from science. What impact would the created artifacts 
have on human beings?

The Fifth Science and Technology Basic Plan, 
which was formulated by a resolution of the Cabinet 
meeting of Japan in January 2016, includes a 
description regarding Society 5.0. This vision also 
contains new concepts that should be noted. Overseas, 
the Academies of Engineering are deeply involved in 
the industrial policies of governments. The drafts of 
such plans as Germany’s “Industry 4.0” (acatech) or 
China’s “Made in China 2025” (Chinese Academy 
of Engineering (CAE)) were formulated by each 

Moreover, genetic engineering reached its third 
generation a few years ago. Today is an era during 
which we can edit the genes of an experimental animal 
using a kit sold over the counter (Fig. 7).

Brain-science is so complex that it is still far 
from a stage of genetic manipulation. However, deep 
learning, a neuro-computing technology, has started to 
raise awareness in society about ethical problems that 
could be caused by artificial intelligence(16).

The illustrations inserted in Faust by Johann W. 
von Goethe (1749–1832) include an illustration of 
an alchemist producing an android (“homunculus” at 
that time). The ultimate purpose of the alchemy was 
not only to produce precious metal but also to create 
a human. It might not be an overstatement to say that 
today’s world has come close to that stage. Although 
somewhat deterred by production costs, “artificial 
elements”—another goal of alchemy—already were 
achieved when technetium was produced in 1937. 
The realization of the ultimate goal of producing an 
artificial human is just around the corner.

Last year, in preparation for the issuance of a new 
science publication, I had the opportunity to discuss 
such issues with the editor of Nature. We agreed that 
ethics is an urgent issue in science and technology(17).

As shown in Fig. 8, the word stems of science, 
engineering and technology are “sci-,” “gin-” and 
“techno-,” respectively. As shown in Fig. 8, the 
meaning of the word stems in ancient Greek are 
“divide/split,” “to give birth/create” and “imitate the 
nature,” respectively.

Science is to know the world of nature deeply and 
accurately, but it does not directly create anything 
substantial. To “divide/split” means to understand 
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a day. The first imported model of Hitachi’s 170–
70 PZAA was exhibited at a museum of analytical 
science in Germany and designated as a Heritage of 
Analytical and Scientific Instrument (2013) in Japan. 
Also, the basic patent for this system was selected as 
one of “Japan’s 50 Top Patents” by the Ministry of 
International Trade and Industry in 1985 at the 100th 
anniversary of the establishment of the patent system 
of Japan. Furthermore, during the 40 years since the 
initial model, more than 10,000 units have been sent 
worldwide. During this period, the company handling 
this system changed from the Department of Optical 
Instruments at Naka Works of Hitachi, Ltd., to Hitachi 
High-Technologies Co. and later to Hitachi High-Tech 
Science Corporation.

This principle (PZAA) utilizes the distinct 
characteristics of photons—moving constantly 
nonstop at a high speed, zero mass, zero electrical 
charge, integer-1 spin and mutually interacting with 
elementary particles such as electrons and protons. 
Although photons exist everywhere ordinarily, they are 
the most distinct elementary particles. Based on the 
only two states of photons with spin ±1 as a principle, 
orthogonally intersecting polarized elements are used 
like a balance scale to detect the difference. On the 
other hand, by dissolving the degeneracy of energy 
levels of intra-sample electrons that mutually interact 
with photons, a difference in the state of ±1 spins of 
the photons is created. Midnight experiments using 
waste products led me to this principle. In the field 
of element analysis, next to the large-scale isotope-
dilution mass spectrometry, the PZAA became the 
second most accurate and sensitive analysis method. 
Moreover, the PZAA uses the Zeeman effect during 
mutual interactions between photons and electrons, 
whereas the medical-use magnetic resonance 
imaging (MRI) uses the Zeeman effect during mutual 
interactions between photons and protons.

I studied pollution problems first, then issues on 
the global environment, and noticed the importance 
of brain-science and education because of the 
mutual interaction between the environment and the 
brain. For me, the origin of research was always on 
environmental issues. As the root of the environmental 
issues was in the Ashio Mine and Minamata disease, 
the pollution was caused by human artifacts brought by 
or discharged by human beings into nature. Along the 
Amazon River, greedy gold diggers spread a massive 
volume of mercury to capture gold easily by turning 
gold into mercury amalgam. Local habitants’ living 
places were polluted by mercury and their suffering 

country’s Academy of Engineering and later entrusted 
to the respective governments to reflect the plan in 
actual policy. Although most industrial policies in 
Europe, the United States and Asia are based on 
customer markets and innovation, the ultimate purpose 
of Japan’s Society 5.0 is a “satisfied society.” Both 
the purpose and its method (scientific technologies) 
address the perspective of “Human Security & Well-
Being.” Business corporations must also further 
nurture this vision and future generations with rich 
mind(18, 19). I explained similar concepts in Dalian, 
China, in 2012. I think it is important to nurture the 
right concepts going forward (see Fig. 6).

FROM COMPLIANCE TO ETHICS

Journey to Ethics: Measurement and 
Analysis of Organomercury, Cause of 
Minamata Disease
Regarding myself, the first new principle I formulated 
after joining Hitachi, Ltd., was polarized Zeeman 
atomic absorption spectrometry (PZAA), a highly 
sensitive and high-precision method to analyze 
trace elements (see Fig. 9). At that time, Minamata 
disease caused by organomercury poisoning was a 
serious social problem, followed by Itai-itai disease 
due to cadmium poisoning and hexavalent chromium 
contamination; mercury poisoning that occurred at the 
Agano River in Japan, in Canada, in Indonesia and at 
the Amazon (caused by discharged organomercury 
and the mercury amalgam used to dig for gold); 
and arsenic poisoning in China and Southeast Asia. 
Bombarded by such problems, the newly developed 
equipment was in full operation every day, 24 hours 

Hitachi Zeeman
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Atomic Absorption Spectrometry
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polarized Zeeman atomic absorption 
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H. Koizumi et al., Anal. Chem. (1977), 
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Fig. 9—Working on Environmental Issues Using Accurate 
Analysis Method for Minor Elements.
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like to believe that humans are mature enough to use 
scientific technologies only for good purposes.”

The dual use of scientific technologies is also an 
old and new issue. Discussion is brisk at the Science 
Council of Japan, Cabinet Office of Japan.

Origin of Hitachi’s Ethics
After investigating the dawn of the Hitachi Group, I 
felt that Hitachi has had a strong ethical vision from 
its inception. This investigation was triggered by a 
comment from Professor Kenichi Miyamoto (former 
President of Shiga University), who published “Sengo 
Nihon Kougaishi-ron (On the post-war pollution 
history in Japan)(20, 21).”

The Hitachi Mine and Hitachi, Ltd., started during 
the time when industries emerged after the Russo-
Japanese War (1904–1905). Namihei Odaira (1874–
1951), founding President of Hitachi, Ltd., joined 
the Fujita-Gumi Kosaka Mine and engaged in the 
construction of a power plant (1900) after graduating 
from the electrical engineering department of Tokyo 
Imperial University. After the Portsmouth Peace Treaty 
was signed in October 1905, Fusanosuke Kuhara 
(1869–1965), who was Odaira’s superior at that time, 
bought out the Akasawa Mine on December 12 of 
the same year and started operation as the Hitachi 
Mine on December 21, 1905. Kuhara first joined the 
Fujita-Gumi Kosaka Mine in 1891, as ordered by 
his uncle, who was then President of Fujita-Gumi, 
and achieved a big success by quickly adopting the 
black copper flash smelting method. However, due 
to a conflict, he left the Kosaka Mine and moved to a 
new place, Hitachi.

Odaira also left the Kosaka Mine and joined 
Hitachi, Ltd., following Kuhara. Odaira’s occupational 
transition (from Hiroshima Dento Corporation 
to Tokyo Dento Corporation, and a meeting with 
Motoji Shibusawa at Saruhashi Daikokuya, and other 
episodes) has been explained in many publications, 
therefore the related explanation is omitted in this 
paper. Tokyo Dento is currently Tokyo Electric Power 
Company (TEPCO). Odaira followed Kuhara by 
quitting such a big company. I imagine that Kuhara 
might have had something great in his personality. In 
fact, Odaira wrote at the beginning (preface) of his 
“Hitachi Seisakusho Shi (History of Hitachi, Ltd.)”: 
“I owe so much to Fusanosuke Kuhara and Yoshisuke 
Ayukawa. I cannot be more grateful to them. Especially 
Mr. Kuhara provided valuable guidance and helped me 
since I was at the Kosaka Mine, even at a personal 
level. The establishment of Hitachi, Ltd., was achieved 

continued generation after generation.

Dual Use of Scientific Technologies
Ethics/morals is a recurring issue that began with the 
Nicomachean Ethics of Aristotle (BC384–BC322) 
and religious norms. Frequently discussed in the 
early modern era was the invention of dynamite by 
Alfred B. Nobel (1833–1896). Dynamite was used 
not only at mines but also for flood control, saving 
many people’s lives. On the other hand, dynamite 
was used for military purposes in many places around 
the world, generating enormous wealth. Smokeless 
gunpowder that is often used for guns or cannons was 
also invented by Nobel (Ballistite, patented in 1887). 
Although the production of new high-performance 
bombs and sales of such weapons to both sides in 
warfare at the request of markets and clients have been 
criticized, the wealth generated in this way is still alive 
today as a resource for the Nobel prizes.

German genius chemist Fritz Haber (1868–
1934) developed a process to fix nitrogen from the 
air (Haber-Bosch process) and provided synthetic 
nitrogen fertilizers for practical use, contributing to 
the lives of people worldwide (receiving the Nobel 
Prize in Chemistry in 1918). Currently, half the world 
population is supported by food produced using 
synthetic nitrogen fertilizers. However, nitrogen 
compounds by fixing nitrogen from the air are also 
raw materials for explosives. Haber became absorbed 
in research on toxic gas as a military technology. At 
the second battle at Ieper (1915) in World War I, Haber 
led a toxic gas battle. Immediately after the poison gas 
battle, Haber’s wife, Clara Immerwahr (1870–1915), 
committed suicide to protest his beliefs and actions. 
She was a rare female chemist with a Ph.D. at that time.

To justify the use of dynamite, toxic gases or 
atomic bombs as a result of scientific technologies, 
the logic used repeatedly by Nobel, Haber and Julius 
R. Oppenheimer (1904–1967) was that the use of 
high-performance weapons helps to end war quickly, 
or works as a deterrent, thereby saving many people’s 
lives. However, in reality, the use of such weapons led 
to increases in military weapons and caused diffusion.

Marie S. Curie (1867–1934) and Pierre Curie 
(1859–1906), who discovered radium, an element 
that emits strong radiation, concluded a lecture at 
the award ceremony in receipt of the Nobel Prize in 
Physics in 1903 with remarks to the following effect:

“Science is neutral in values. Whether to use the 
results of scientific research for good or bad purposes 
is entirely up to the humans who use them. We would 
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dark underground passage, a pneumatic rock grinder, 
the element analysis method, optical measurement 
equipment, meteorological observation instruments 
and communications equipment. Such technologies 
were further used to support the mine workers’ lives 
and to help develop such welfare facilities as company 
housing, restaurants, kiosks, hospitals and schools.
Corporate Social Responsibility (1905–)

Moreover, considering the lives of the residents in 
the surrounding area, pollution compensation was paid 
to them every year from the inception of the company 
at an amount combining the damage compensation and 
condolence money. However, as production surged, 
the compensation payments were augmented, which 
pushed the company into a managerial predicament. 
The Hitachi Mine Great Chimney was built as a result 
of enormous turmoil although the company could 
have just made an excuse to justify the production 
of copper in an era of warfare. The Chimney is a 
legacy in Japan’s history of pollution. There was a fact, 
though, that the diffusion of smoke to remote areas 
did occur, as the toxic chemical emerged on tobacco 
leaves because it took time to complete a technology 
to capture all the SO2 gas(24).

The Kamine Smoke Trail (dubbed Mukade Endo, 
a long and twisted smoky trail like a scolapendrid) 
of exhaust smoke from the refinery at Daioin along 
the line of the mountaintops, “Aho Entotsu (stupid 
chimney),” for which the Japanese government’s 
design did not work at all, and one-third of the base 
of the Hitachi Mine Great Chimney, which was 
completed as a result of serious turmoil and towered 
as high as 480.7 meters above sea level, remain today 
(see Fig. 10). The Nippon Mining Museum, at the 
site where the Hitachi Mine existed, stores Kuhara’s 

by Mr. Kuhara. Today’s Hitachi owes both Mr. Kuhara 
and Mr. Ayukawa so much(22, 23).”

Reviewing Kuhara’s activities in the history of 
pollution, as pointed out by Professor Miyamoto, 
I recognized Mr. Kuhara’s tremendous efforts on 
corporate ethics to tackle environmental issues 
head on.

Environmental Pollution from Smelting and 
Its Countermeasure
Although Minamata disease, in which the cerebral 
neural system is destroyed by mercury poisoning, has 
been regarded as ground zero of issues of the global 
environment, there was a prior case in Japan: mining 
pollution at the Ashio Mine. As is well known, Shozo 
Tanaka, a member of the House of Representatives, 
directly appealed to Emperor Meiji in 1901 regarding 
the sulfur dioxide (SO2) emitted from smelting, 
which weighs twice as much as the atmosphere and 
falls to the ground causing enormous damage to the 
surrounding environment, killing not only rice paddies 
and crop fields but also forests and causing landslides 
and the outflowing of rocks from the mountains. 
At the Watarase River, which became a raised-bed 
river, large-scale flooding occurred repeatedly. As an 
environmental measure, the Watarase Reservoir was 
created. However, flooding still occurred again in the 
fall of 2015.

Given such a history of pollution, I learned from 
the aforementioned remark by Professor Miyamoto 
that the Hitachi Mine was an exception. For more 
than 40 years, I was absorbed in quick and accurate 
measurements of organomercury, the cause of 
Minamata disease. Later, I often walked around Mt. 
Kamine in Hitachi with my family. I found a crystal 
like a gem at the Hitachi Mine’s zuri (the dump for 
low-grade ores), but particular phenomena caused by 
pollution was not seen much in the surrounding area, 
which was unexpected. Such an experience became 
the first reason I got interested in the Hitachi Mine.
Hitachi Mine as a Role Model of Hitachi, Ltd.

Utilizing his experience at the Kosaka Mine, 
Kuhara acquired a few power plants near Hitachi to 
generate electricity and used compressed air produced 
by large-scale motors as the power source inside the 
mine. The actual entities existed there as miniatures of 
the current Hitachi Group, such as power generation, 
transformer and power transmission facilities, motors 
as a power source, a transportation track, a small 
electric engine, a lift (elevator) to descend deep down 
to the underground passage in the mine, lighting for a 
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Fig. 10—Current Situation of the Hitachi Mine.
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left the United Nations Educational, Scientific and 
Cultural Organization (UNESCO) in 1984 because 
the contribution made by the United States did not 
benefit the United States but rejoined in 2003. Turner, 
in contrast, contributed $1 billion (approx. ¥100.0 
billion) as an investment for the future of humanity, 
creating the Foundation in 1998.

During the meeting, a sudden request was made 
for opinions from Japanese corporations. Yotaro 
Kobayashi (1933–2015), then Chairman of Fuji 
Xerox Co., Ltd., explained the current situation of 
Japanese corporations in fluent English. Immediately 
after that, Professor Rothschild said that she wanted 
to hear Koizumi’s opinion. With no preparation for 
such a sudden request, I decided to introduce the 
vision of Namihei Odaira, founder of Hitachi, Ltd., 
and explained the relationship between the companies’ 
purpose and methods (or means) in not-so-fluent 
English: “Corporations exist to contribute to society, 
and reliable management is essential to achieve the 
purpose of a company.” Immediately after the close 
of the meeting, one gentleman showed up in front of 
me. He requested a handshake right away and said 
he was impressed by what I said. On his business 
card was “Muhammad Yunus,” founder of the famous 
Grameen Bank of Bangladesh, which makes small 
loans for poor people. The bank achieved a stunning 
98% loan recovery rate. He received the Nobel Peace 
Prize in 2006.

Based on general Western management theories, 
it is a common concept that the purpose of business 
corporations is the creation of customers and the 
values desired by customers(26). However, the vision 
of Namihei Odaira, founding President of Hitachi, 
Ltd., was at a higher dimension. As reflected in the 
aforementioned Nobel’s and other cases, even in an era 
when certain justification might have been accepted, 
he prioritized human ethics, which seemed to be a 
fresh approach to Western corporate managers.

Recently, many incidents have occurred related 
to not only compliance but also ethics at companies 
throughout the world. We need to refocus on the 
corporate vision at the dawn of Hitachi Mine and 
Hitachi, Ltd. The last publication by Professor Hajime 
Nakamura (1912–1999), an authority on Eastern 
philosophy, was Atatakana Kokoro: Toyo-no Riso 
(Compassion (think about others): Ideal of the Eastern 
World) (1999). Also, in “Die Metaphysik der Sitten 
(Metaphysics of human ethics)” (1797) by a Western 
philosopher, Immanuel Kant (1724–1804), one of his 
last publications, it is indicated that compassion for 

calligraphy, “Kushin-Santan (Mindboggling efforts to 
address tremendous difficulty),” and the foundation 
stone with the same calligraphy “Kushin-Santan” on 
it. Although there are many corporate managers who 
make lofty statements, Kuhara’s “Kushin-Santan” 
expresses how he was and sounds more real.

The Hitachi Mine Great Chimney was completed 
in 1915. The chimney was 155.75 meters high, the 
world’s highest at that time, exceeding the 152-meter 
brick chimney in Montana in the United States. For 
more than 40 years, every time I visited the Hitachi 
Mine Great Chimney, I was impressed by such a thing 
having really been made. The chimney, standing on the 
summit of the mountain, was made from reinforced 
concrete for the first time in the world so that it could 
be sustained on the top of a mountain even in the event 
of being hit by a typhoon. The grand chimney atop 
the mountain could be viewed clearly even from the 
remote coastal line.

Because SO2 gas weighs 2.26 times air, unless it is 
put on an upward airflow and diffused, the chemical 
falls down on the surrounding area. Therefore, by 
observing the local high-altitude climate, this height 
was determined. In the event of occasional sudden 
downward airflows, based on the information 
collected at the central office from the meteorological 
observatories located on the mountains surrounding 
the chimney, smelting was temporarily suspended as 
a measure to address the situation. Over time, most 
damage to the area surrounding the observatories 
was removed and the trust relationship with nearby 
residents continued, according to the record(25).

In 1972, the total volume of SO2 gas was collected 
as sulfuric acid (H2SO4), achieving zero pollution. 
Right after that, I visited the Hitachi Mine Great 
Chimney. The chimney, which accomplished its 
mission, suddenly collapsed in 1993, leaving one-
third of its base (57 m) as a remnant.

Conclusion

I attended a board meeting of the United Nations 
Foundation (the “Foundation” below) that was held 
in Tokyo, invited by Professor Emma Rothschild, 
Professor at the University of Cambridge and wife 
of Professor Amartya Sen, who received the Nobel 
Prize in Economics (the Sveriges Riksbank Prize 
in Economic Sciences in Memory of Alfred Nobel) 
in 1998. I was introduced first to the founder of the 
Foundation, Ted Turner (the founder of the U.S. 
Cable News Network (CNN)). The United States 
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others is ethics (“promote other people’s happiness as 
one’s own purpose”). I also regard warmheartedness 
as the essence of ethics. With regard to the concepts 
and discussion of ethical education, I would like to 
use our next opportunity to discuss that topic(27)–(30).
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