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FEATURE STORY

How Capturing the Movement of
lons can Contribute to Brain Science
and Improve Disease Diagnosis

Professor Kazuaki Sawada’s work focuses on the development of biosensors that
combine integrated circuit technology and sensor technology.
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How Capturing the Movement of lons can Contribute
to Brain Science and Improve Disease Diagnosis

Kazuaki Sawada
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Professor Kazuaki Sawada’s work focuses on the development of biosensors that combine integrated circuit technology

and sensor technology. Currently Prof. Sawada’s main project is working on a “bio image sensor”, which he hopes to use to

directly observe ion distribution and movement as visual images, in order to contribute to the development of brain science

and disease diagnosis. There is growing excitement in the scientific community regarding the potential practical applica-

tions of this innovative sensor, which Prof. Sawada is striving to fulfill by establishing research associations and incorporated

associations through industry-university.

Interview and report by Madoka Tainaka

sensor that can detect ion
reactions

Today, the major types of image sensors
for acquiring two-dimensional images
by sensing are CCD (Charge-Coupled
Device) and CMOS (Complementary
metal-oxide-semiconductor). These
semiconductor devices are mounted
on digital cameras and smartphone
cameras. They capture the amount of
light as an amount of electric charge
and process it after converting it to an
electric signal and are widely used not
only for cameras but also for measure-
ment of magnetic fields and voltages.
However, until now, there were no sen-
sors that could directly capture the
distribution and movement of ions, in
the way that Prof. Sawada’s bio image
sensor is now able to do.

IDeveIopment of world’s first

“As a means for measuring ions, using
litmus paper for measuring hydrogen
ions is well established, but what sets
our device apart is that it can measure
the amount. This is the world’s first
sensor that can directly observe the
movement of ions,” says Prof. Sawada.

The trigger for development dates back
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to Prof. Sawada’s fourth undergraduate
year when he was a student at Toyo-
hashi  University of Technology. In
response to a request from a company,
he worked on the development of a hy-
drogen ion sensor through an industry-
university collaboration that became his
graduation thesis. However, the sensor
didn’t achieve the desired performance
and the research ended there. After
that, Prof. Sawada worked for a time
on material development, but after do-
ing some research on image sensors
at Shizuoka University more than ten
years later, he decided to once again
take on the challenge of becoming the
first person to successfully image ion
changes.

“As a mechanism, we read the move-
ment of ions from the change in poten-
tial of a semiconductor (ISFET: lon Sen-
sitive Field Effect Transistor) by means
of a sensitive membrane of ions placed
on the surface of the semiconductor.
It's a little complicated, but at that time,
depending on the concentration of hy-
drogen ions, a state called a “potential
well” in quantum theory is formed on
the semiconductor surface. To put it
simply, the depth of the cup changes

according to the concentration of ions.
To measure the depth of the cup, we
inject a lot of electric charge into it and
measure the amount of charge that
accumulates. We can then measure
the electric charge by converting it into
a voltage like a CCD or CMOS image
sensor. In this way, we can read the
ion concentration with a high level of
sensitivity,” explains Prof. Sawada.

In 1997, Prof. Sawada acquired a patent
for this innovative method, and since
then has continually strived to further de-
velop and improve the bio image sensor.

The human body is made of about 60 trillion cells of about 200 types.

The human body is made of about 60 trillion cells of about 200 types.

became aware of the potential
goals
Unfortunately it was not possible to
achieve the target accuracy straight
away. “At the beginning of the devel-
opment, the number of pixels was just

IAs the accuracy improved we
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1x8, and by 2005 we achieved 10x10,
but at this level we could just about
sense the change in ions when we
dropped orange juice on the sample.
At this level, nobody was really inter-
ested. However, at a scientific meet-
ing in 2007, when we increased the
number of pixels to 32x32 and used
the sensor to show rice roots emitting
citric acid, everyone got excited. There
was a theory that plant roots emitted
citric acid and dissolved nutrients in
the soil to absorb them, but until then
no one had been able to observe the
phenomenon. After that breakthrough,
researchers in various fields came
to me saying they wanted to use the
sensor.”

Originally, the research started from
the pure interest of Prof. Sawada,
who wanted to try to simply observe
the movement of ions. But based
on people’s reactions, he began to
understand how the research would
be useful for society. “Doctors at the
medical department told me that
the ability to see ion reactions could
be revolutionary in medicine. | was
surprised when people told me it was
so groundbreaking. So, when | brought
them a prototype that | had managed
to make, they were unsatisfied, ex-
plaining that they needed at least 100
pieces. If we do not raise the accuracy
and usability to a level that has the im-
pact of making potential users want to
use the technology, it will not become
widely used. This revelation changed
the philosophy of my research. Since
then, my goal has been to fulfill my
responsibility to contribute to society,
whether or not the research can be
published as a paper.”

After that, in 2011, Prof. Sawada suc-
ceeded in observing the release of
acetylcholine from a rat cerebral cortex
without labels with a 128x128 (16,000
pixels) element. Furthermore, in 2014,
he observed the release of potassium
ions by stimulating a rat hippocampus
with glutamic acid.

“Usually, a wet sample will break as
soon as you place it on a chip. That
was the tricky part, which explains
why it took time to develop the initial
idea. However, by enhancing the
waterproofing of the chips, we made
it possible to capture the appearance
of ions leaking out of a cell, which no
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one had ever seen before. With these
unprecedented tools that enable us to
look at cells from the outside, we an-
ticipate the potential for creating new
academic fields.”

In addition to that, Prof. Sawada is also
working on research such as the de-
velopment of a sensor that separates
excitation light and fluorescent light.
The key point is that it does so without
using the kind of expensive optical
filter that is usually indispensable for
fluorescence microscopy. What s
more, it can visualize the fluorescence
of samples with the same accuracy as
a fluorescence microscope. As a result
of such discoveries, Prof. Sawada
explains that he receives endless
daily inquiries from companies and
research institutions, especially from
the medical field.

Promoting social implementa-

tion through two pillars: the

study group and the council
At present, the number of pixels of the
element of the bio image sensor has
reached 1.3 million (1280x960). This
has been achieved through industry-
university collaborative development.
In order to advance implementation
in society, in 2012, Prof. Sawada
established the “Multimodal Bio Image
Sensor Study Group”, of which he is
the chairman. About 25 organizations
including companies such as semi-
conductor manufacturers, universities,
and national research institutions have
participated and are deepening con-
sideration of the industrial contribution
of multimodal bio image sensors and
the creation of new businesses.

Meanwhile, in September 2016, Prof.
Sawada founded a general incorpo-
rated association named “Toyohashi
Sensor Council”. The council is
accelerating initiatives to create bio
sensor markets, such as determining
standards and specifications, holding
technical lectures and providing con-

Feature Stor!

sultancy.

“Since our research group is after all
a university organization, there were
aspects that were difficult to control
from the perspective of fairness, such
as how to handle patents in promoting
commercialization. So | decided to
devote myself to research and trans-
ferred the license of approximately
70 patents owned by the university to
the council, and we made the council
responsible for its development as a
business,” says Prof. Sawada.

Incidentally, since the press release,
more and more people are asking to
participate in the council, but Prof.
Sawada says not everyone can join.
“Since our goal is not to make money,
but to return the intellectual property of
the university to society and to maxi-
mize the social utility of the sensor, |
select companies to participate based
on their willingness to get involved on a
volunteer basis. We're expecting to be
able to announce a new product next
year, so hopefully that's something we
can all look forward to.”

It is indeed exciting to have such in-
novative achievements on the horizon,
especially when they are the product of
a researcher’s simple passion to know
the unknown, and to be of service to
society.

[Reporter’s Note]

Prof. Sawada’s goal to become a researcher
started from his love of Antarctica. “| wanted
to join the Japanese Antarctic Research
Expedition, but | didn't feel | could become
a geologist or meteorologist. However, |
thought that | might be able to work in com-
munications, so | joined the engineering
department. Actually, | joined the new
Department of Electrical and Electronic
Information Engineering. In the end, | did not
study communications at all, and my teacher
advised me that sensors will become impor-
tant in various fields in future, so | proceeded
down the road of sensor development,” says
Prof. Sawada.

Although Prof. Sawada says he has “com-
pletely moved on from his early goal,” he has
not thrown away his dream of traveling to Ant-
arctica. “Sensors should be indispensable
for measuring ice sheets and soil. | would like
to see this unknown world that nobody has
seen yet. | would be delighted to go if | was
asked,” he laughs. In this way, Prof. Sawada
shows himself to be a researcher who is
driven by curiosity and who purely wants to
explore the truth.
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Researcher Profile
Dr. Kazuaki Sawada

as a Full Professor.

Dr. Kazuaki Sawada received his B.A. and M.S. degrees in electrical and electronic
engineering in 1986, 1988, respectively, and he received a Ph.D. degree in system and
information engineering in 1991, all from Toyohashi University of Technology, Aichi, Japan.
From 1991 to 1998, he was a Research Associate in the Research Institute of Electronics,
Shizuoka University, Shizuoka, Japan. Since 1998, he joined the Department of Electrical
and Electronic Engineering, Toyohashi University of Technology, where he is now serving

Reporter Profile

Madoka Tainaka is a freelance editor,
writer and interpreter. She graduated in Law
from Chuo University, Japan. She served
as a chief editor of “Nature Interface”
magazine, a committee for the promotion
of Information and Science Technology
at MEXT (Ministry of Education, Culture,
Sports, Science and Technology).
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Preface to the Special Issue

Social Implementation of Technology and the Role of Toyohashi University of Technology in Society

By Kazuhiko Terashima

Research HighlightH

Toyohashi University of Technology (TUT) is a university that studies and researches “tech-
nology” in order to create new “technology”, “products” and “systems”. We boast a diverse
student body, with 80% of our students being graduates of the engineering focused Col-
leges of Technology (KOSEN), and the remaining 20% being graduates of technical high
schools, general high schools, as well as a high proportion of overseas students. At TUT, the
student body use their scientific background and engineering skills as a basis for studying
more advanced technological science. The goal is to develop creative technological ad-
vancements, and each student has an important mission to incorporate that technology into
society. In order to achieve this mission, academic-industrial alliances and interdisciplinary
integration play a vital role, as there is only so much that tertiary studies can achieve. In light
of the abave, we have established the “Research Institute for Technological Science and
Innovation”, where we systematically conduct cooperative research in collaboration with

el
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industry, by means of our flagship “Cooperative Projects for Innovative Research”.

On April 1, 2016, we reorganized our on-
campus research centers and founded the
Research Institute for Technological Sci-
ence and Innovation. The institute is made
up of three research divisions: the Emergent
System Research Division, the Social Sys-
tem Research Division, and the Advanced
Research Division, which were established
to develop the research activities of our
existing Electronics-Inspired Interdisciplin-
ary Research Institute (EIIRIS) and our
four research centers. The institute aims to
achieve innovation through the growth of
state-of-the art integrated research.

With this institution now at the heart of our
University's research system, we have set
ourselves a new challenge of a strategic
research conducted by the University in ad-
dition to actively promoting faculty initiated
research. The research topics for these
research divisions were carefully selected
by committee members of the University
from internal applications, and we launched
16 Cooperative Innovative Research
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Multiiingual Information
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Material Runoff

Human-Machine Collaborative &
Autonomous Transportation

Projects in 2016. Backed by equal funding
from research institutions and companies
in and out of Japan, these new projects
will develop cutting-edge technology in
specific fields and boost the implementa-
tion and contribution of research results
within society. In principle, each project
will be implemented for three years, and
our university funding will be matched by
external funds. Many projects among the
16 are large-scale collaborations between
academia and industry that involve global
corporations or local companies. In 2017,
four new projects were added, bringing the
total number of projects to be implemented
to 20.

The research topics of these 20 projects
vary greatly, from sensing, robots, the en-
vironment, the brain, life, vehicles, disaster
prevention, to farming and industry technol-
ogy. It is our hope that the founding of this
Cooperative Innovative Research institution
will establish our University as a research
hub for studies in many different types of

Bio-sensors using Sensor/MEMS

technology
\
—

Disaster Detection and
Prevention System

Wireless Power Trandfer

Outdoor Cleaning Robot at
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Fig.1 20 Cooperative Innovative Research Projects
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fields. In addition, we aim to use the results
of the Cooperative Project for Innovative
Research and other post-collaborative
projects to bring about new inventions,
products, startups and large-scale projects,
and to develop Toyohashi University of
Technology’s technologies so that they may
be successfully implemented into society.

Toyohashi University of Technology is a
university that not only develops technology
but also emphasizes the importance of its
integration into society. It is because of this
that we have become a shining beacon
amongst the other more than 700 universi-
ties in Japan. We truly believe that this is our
role in society.

The five research topics featured in this
special issue are parts of the Cooperative
Project for Innovative Research and are
currently making headlines as projects with
the important end goal of implementing the
technologies developed during research to
enhance society.

¢ Professor Takashi OHIRA: “Resonance Q
Theory” — A Breakthrough Discovered by TUT

o Assistant Professor Kojiro MATSUQ: “Tackle
Rat-run Traffic in Residential Areas in
Collaboration with Road Administrators”

e Professor Hitoshi ISAHARA: “The Progress of
Machine Translation and How it Changes the
World”

o Professor Jun MIURA: “Robotic Support for
Regional Agriculture”

» Project Associate Professor Yoichi ATSUTA:
“System That Effectively Utilizes Biomass from
Organic Waste”

We hope you enjoy this special edition and

find it informative.
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Eesearch Highlights

“Resonance Q Theory” — A Breakthrough Discovered by TUT

Corroborating technology with science supporting implementation of wireless power supply

By Takashi Ohira

“Societal implementation” is defined as developing practically
oriented research designed to solve problems in society. As
such, it is assumed that “research results” have been obtained
in order for this integration to succeed. What comes to mind
when you hear the phrase “research results?” Perhaps you pic-
ture hardware such as a newly developed machine or an elec-
tronic device? Or do you think of software for computers and
information processing? These are all examples taken from our
everyday lives which are the fruit of invention and manufacturing
research. The R&D departments of corporations also produce
these kinds of products. What kinds of research results does the
world expect from Toyohashi University of Technology?

Corroborating technology with science. This is
the basic concept behind science and technol-
0gy. Instead of stopping at just manufacturing, we
develop breakthrough theories that no one else has
discovered. This is the true result of scientific and
technological research. Needless to say, new theo-
ries are not created every day. Researchers need
to review existing scientific theories and generalize
basic theories found in our current textbooks in or-
der to move on to higher-level concepts. Below, we
will have a look at one example of a breakthrough
theory that will force textbooks on electronic circuits
to be rewritten.

If you open a textbook on electronic circuits for high
school or university, you will come across the

following equation: oL

R

This is a Q factor formula for a series circuit
comprising a resistor and a coil shown in Fig. 1.
Students generally memorize formulae and how
to apply them verbatim. It is important to become
familiar with equations such as the one above when
you first start your studies, so this technique is
somewhat useful. However, once you start to use
these equations, you begin to wonder why they are
written as they are. There is always some reasoning
behind any physical phenomena. Finding out what
that is, or “corroborating technology with science”
is the true mission of technical universities.

Now, let's look at Fig. 2. A condenser has been add-
ed to the circuit. We have learned that resonance
occurs between a coil and a condenser in our last
year of high school. The problem to solve here is
to “calculate the Q factor in the circuit's resonance
state.” Although the problem itself is quite simple, it
actually requires a lot of thought. Textbooks do not
readily provide a formula that can be used to solve
this problem. So, what are you supposed to do?
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Fig.2 Series LC resonator

Fig.1 Series RL circuit with loss R in parallel to C

In order to solve this problem, you need to take a
step back and really think about what a Q factor
is. Throwing away our preconceived notions and ig-
noring general knowledge, we reached the concept
of “natural logarithm impedance.” This is expressed
as follows:

{=logZ

At first glance, this equation seems mysterious or
enigmatic to solve, and is likely to be labeled as
unorthodox. Generally speaking, Z is a complex
number, and so ¢ is also a complex number. By
using this ¢, the Q factor in a resonance circuit of
any structure can be determined by using the fol-
lowing equation: d¢

dw

=%
2

Here @), represents resonance angular frequency
of the circuit, and the two vertical lines represent
the absolute value of the complex number. This
theoretical expression was used in our IEEE journal
and was selected for a Commendation for Science
and Technology by the Minister of Education,
Culture, Sports, Science and Technology. The
physical meaning of the logarithm impedance ¢ is
explained in “What in the world is Q?" (Ohira, 2016).

First, try and calculate the Q factor of the circuit
shown in Fig. 1 using the above equation. You
will need to derive the complex numbers part way
through, and our second-year students learn how

to do this. If your answer matches the following
textbook equation, you have passed the first stage:

oL
0="%
If you were able to calculate this, have a go at the
problem in Fig. 2. The answer can be found in

“Enigma on resonant quality.” (Ohira, 2017)..

This theory applies not only to resonance circuits,
but can also be expanded to various functional
circuits such as those for filters or oscillators. The
discovery of Log Z has given us engineers the abil-
ity o derive a Q factor equation under a resonance
state from a given circuit diagram with just a pencil
and paper.

The discovery of this resonance Q theory will
contribute greatly to R&D into revolutionary sys-
tems that use the principle of resonance, such as
those for telecommunications and wireless power
transfer, and the implementation of those research
results into society.

Editor’s Note

On Nobember 29th, TUT and DENSO unveiled the result of
their cooperative venture - a compact high-speed robot that
conveys parts on DENSO's assembly line. Electrical power is
supplied wirelessly from the guideway to the robot by means
of a practical application of “Resonance Q Theory”. DENSO
is looking to use this robot in not only in its own factories, but
also planning to sell it as part of a logistics systems that can
operate non-stop around the clock.
https://www.nikkan.co.jp/articles/view/00452670  (Japanese
version only)
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Research Highlight

Tackle Rat-run Traffic in Residential Areas in Collaboration
with Road Administrators

Implementing traffic safety management methods using traffic big data

By Kojiro Matsuo

Using a type of traffic big data, namely, probe ve-
hicle data, we have developed a method capable
of capturing the state of rat-run traffic in residen-
tial areas in qualitative, wide-ranging, and efficient
ways. We have called this new technique GRATT,
which stands for Grasping RAT-run Traffic. We are
currently working on a traffic safety management
project in collaboration with the road administrator
of Toyohashi City (Road Maintenance Section, De-
partment of Construction) with the aim of its imple-
mentation contributing to traffic safety in the area.

Compared to Western countries, Japan has a high rate of
car accidents involving pedestrians and bicycles traveling
in residential areas. Creating a safe community street
space for pedestrians and cyclists is one societal issue
we are currently facing in Japan. The importance of both
lowering vehicle speeds in residential areas and limiting
transit traffic that does not necessarily need to use such
areas, or so-called ‘rat-run” traffic, is now recognized as

Assistant Professor Kojiro Matuo (1st from right, 2nd raw) with his laboratory members

nation). However, probe vehicle data can track and monitor
the whole trip trajectory (Fig. 2). This particular feature of

we suppose 1. “Complementary use” for quantitatively
assessing areas that the road administrator has already
determined as candidate areas, 2. “Exploratory use’
for extracting prioritized areas from the data, and 3.
‘Explanatory use” for communicating to local citizens the
significance and effect of implementing the measures in
question. The measures will then be actually implemented,
and their effectiveness will be evaluated by GRATT through

an issue both domestically and overseas. comparisons between the state of traffic before and after

Fig.2 Example of grasping the state of rat-run traffic using .
the measures were carried out.

GRATT within a “Zone 30": 30km/h limit zone (Line width:
amount of rat-road traffic, Green line: average speed less

In order to implement effective rat-run traffic control mea-
sures, it is necessary to properly understand what kind
of state the traffic is in. However, conventional surveying
methods require a lot of time and manpower to qualitatively
assess the state of rat-run traffic.

By using probe vehicle data, which is classified as one
type of traffic big data, our urban & transportation systems
laboratory has developed the technique for Grasping
RAT-run traffic (GRATT), a method capable of grasping
the state of rat-run traffic in residential areas in qualitative,
wide-ranging, and efficient ways. Probe vehicle data is
data that records the temporal position (longitude and
latitude), travel state (speed, acceleration, direction), and
other information of a vehicle as it travels. In the last few
years, the amount of data being gathered on ordinary
vehicles (limited to vehicles with drivers who agree to data
collection) has increased due to the use of ETC 2.0, car
navigation systems, smartphones, and other devices. With
conventional field surveying methods, it is only possible to
observe a part of each trip (movement from origin to desti-

Fig.1 Example of visualization with probe vehicle data (Red:
rat-run traffic trajectories, Blue: arterial traffic trajectories)

than 30 km/h, Red line: average speed 30 km/h or more)

At present, we are conducting a traffic safety management
project in collaboration with the road administrator of
Toyohashi City (Road Maintenance section, Department
of Construction) with the aim of implementing GRATT and
improving traffic safety in the area. Introducing GRATT wil
help the road administrator more effectively and efficiently
achieve the following PDCA cycle for traffic safety man-
agement (Fig. 3).

Fig.3 Flow of the implementation of the collaboration

project with the road administrator
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GRATT first extracts data on rat-run traffic in residential
areas from probe vehicle data that has undergone
primary data processing and map-matching processing.
It then calculates an evaluation index (amount of rat-run
traffic, rat-run usage rate, vehicle speed, etc.) for each
segment of the road, and then visualizes this data using a
geographic information system (GIS). The results are then
discussed between our lab and the road administrator,
after which we consider appropriate measures for areas
in which priority measures are to be taken. At this step,

Based on the fact that data analysis results cannot tell us
everything, we place importance on sufficiently discussing
GRATT results in terms of whether they match the experi-
ence and knowledge of the road administrator, as well
as the intent of the measures. We believe that this way of
analyzing results is very important, especially when apply-
ing engineering technology to the planning processes of
governments and other institutions.

In addition to GRATT, our lab is also conducting research
on various other traffic safety management methods,
including traffic accident risk evaluation systems for small
intersections with no traffic lights, and limiting vehicle
speeds with Intelligent Speed Adaptation (ISA), with the
aim of implementing these projects sometime in the future.

Qur research on rat-run traffic issues on residential areas
has been made possible thanks to MEXT's Grant-in-Aid for
Scientific Research #16K18168. Our project in collabora-
tion with the road administrator of Toyohashi City was also
made possible thanks to financial aid from Toyohashi City's
Innovation Support Project (local problem-solving field).
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Hesearch Highlights

The Progress of Machine Translation

the World

By Hitoshi Isahara

and How it Changes

We aim to strengthen Japanese companies com-
petitiveness in global industry and increase the
number of visitors to Japan, by implementing ma-

chine translation technology in society. We are cur- -
rently working with collaborating companies on a

system that assists with the translation of uncom- *
mon words, which is one issue plaguing Al-pow- .

ered machine translation, and a method that can
realize high-performance machine translation from

a small amount of bilingual data.

In the last couple of years, machine
translation has vastly improved in ac-
curacy as a result of the development
and release of artificial intelligence
systems (neural machine translation

systems). Their output is now almost
perfect, and is even said to be at
the same level as human translation. :
However, machine translation requires
a large amount of bilingual text, it can |

still produce omissions and errors,
and words that are not used very
often such as proper nouns are often
mistranslated. As a result, machine
translation is still a flawed tool, and the
world’s researchers are striving to fix
its problems.

As one method to solve the problem
of mistranslating proper nouns, we
are looking into a method that treats
a character string, instead of a word,
as one unit. As a result, we have de-
veloped a method that can translate
proper nouns while simultaneously
using information on character strings
and morphemes [1]. We have also
developed a method that can realize
high-performance machine translation
from even a small amount of bilingual
data in individual fields. In fields for
which not a lot of bilingual data has
been produced, we have developed
a method that involves first using
the translation results of an existing
commonly-used translation system
to then create a machine translation
system for a specific field. If a human
manually edits the machine translation
output, the system tries to post-edit [2]
using cloud based volunteer support,
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and translation results improve.

Hidden Hidden
State. State

Target BPE

Fig.1 Neural machine translation system that simultaneously
uses character strings and morphological information

For a long time, we have conducted
collaborative research on the imple-
mentation of machine translation in
cooperation with airline companies
and automotive companies [3]. Mak-
ing use of the great improvements
made to the accuracy of neural
machine translation, we have begun
the implementation of this technology
into society through collaboration with
corporations by co-developing a new
service that utilizes machine transla-
tion technology, providing translation
technology for multilingual information
services aimed at foreign visitors to
Japan, and providing technological
support for improving translation
systems.
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Fig.2 Creation of a global community utilizing cloud based
post-editing
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Incorporating highly powerful
machine translation systems into
everyday life will make it possible,
in the industrial world, for example,
to provide information on products
and services in different languages
and achieve overseas expansion
that was previously not possible.
In the tourism sector, it will become
possible to provide information on
areas and establishments which are
not widely known overseas to hope-
fully increase the number of tourists
visiting Japan. This technology will
also benefit foreign residents in Japan
by providing them with information
that was previously only available in
Japanese in different languages.
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Research Highlighta

Robotic Support for Regional Agriculture

Automating labor-intensive and costly processes of harvest in greenhouse horticulture

By Jun Miura

An academia-industry collaborative team is now
developing harvest support robots for greenhouse
horticulture. The target crops for these particular
robots are green perilla and cut flowers, which are
very popular crops in local agriculture. These ro-
bots are expected to be commercialized in the near

future.

Labor shortage has become one of the
most serious problems in Japanese agri-
culture as the portion of elderly workers in
agriculture significantly increases. Produc-
ing high quality agricultural products at a
reduced production cost is another issue
to resolve if we wish to make Japanese
agriculture competitive in the world market
in this age of international trade liberaliza-
tion. Aichi prefecture and its East Mikawa
region, where Toyohashi University of
Technology (TUT) exists, are famous for
producing a large variety and amount of
agricultural products, especially in green-
house horticulture. An academia-industry
collaborative team is now carrying out a
project to develop robots for harvest sup-
port, which are expected to contribute to
this regional agriculture.

The team is composed of TUT research-
ers and engineers from industry (Sinfonia
Technology Co. Ltd. and KER Co. Ltd.).
The leader of the research project is Prof.
Miura from the Department of Computer
Science and Engineering. He explains
that, “Since completely automated har-
vesting is still difficult to realize even with
the state-of-the-art robotics and computer
vision technologies, we analyzed the pro-
cess of harvesting crops, and designed
robots that can perform certain parts of

Fig.1 Process of harvesting green perilla.
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that process so as to significantly improve
its cost effectiveness.”

One of the target crops is green perilla
(“Ooba” in Japanese), for which Aichi pre-
fecture has over 60% share in Japan. Fig.
1 shows the steps in harvesting green
perilla from reaping and packing. The
most costly and time-consuming parts are
selection and bundling, which are usually
carried out by in-house workers. The team
is developing a compact and movable
robotic system that can automate these
steps, using soft object handling and
visual inspection technologies (see Fig. 2).

Harvest support
for green perilla

Selection

Harvest support
for cut flowers

Bundling and

Pick and Carry

Fig.2 Conceptual figure of harvest support for green
perilla.

The other target is cut flower harvesting.
Aichi prefecture is the biggest producer
in the country of many types of flowers
such as roses and chrysanthemums
(kiku in Japanese). One of the key issues
for improving the quality of flowers is to

Packing
& shipping

Prof. Jun Miura (right)

shorten the time between harvesting the
flowers and putting them into water. For

--------

hing suppression

Fig.3 Conceptual figure of harvest support for
cut flowers.

this purpose, the team is developing a
mobile robot which automatically follows a
worker, and is equipped with a water tank
fitted with suppression control for sloshing
and vibration. It also automatically returns
to its station once a sufficient amount of
flowers has been harvested. (see Fig. 3).

Prof. Miura says, “Resolving the problems
of Japanese agriculture is an important
and urgent task, and we believe robotics
technologies will contribute to it. Our strong
academia-industry collaborative team is
now working hard to realize commercially-
available products in the near future.”

This project is supported by Knowledge

Hub Aichi, Priority Research Project (Sec-
ond Term) PR4, Aichi Prefecture, Japan.
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Hesearch Highlights

Promoting a System That Effectively Utilizes Biomass from Organic Waste

Versatile composite system effectively uses biomass, residual heat, and waste CO,
By Yoichi Atsuta and Hiroyuki Daimon

We are in dire need of popularizing anaerobic digestion technology (methane fermenta-
tion) that effectively utilizes biomass containing a large amount of water from renewable
resources such as livestock waste and organic waste. For the last five years, our re-
search group has tried to convince society through experiments showcasing the efficacy
of composite systems that not only generate power using biogas, which is a by-product
of anaerobic digestion, but also effectively utilize the digestive juices, residual heat, and
waste gas (carbon dioxide) that are generated during this process, and even produce
manure and crops. As a result, alongside the private corporations we have collaborated
with we have succeeded in developing equipment which can be expected to achieve the
implementation of anaerobic digestion technology as the core of this system at a lower
price than conventional equipment. This will hopefully lead to our technology being used
at domestic small-to-medium-sized pig farms, and boost its integration into society.

The introduction of the feed-in-tariff law for electric power greatly
increased the amount of power being generated by renewable
resources such as solar power across Japan. However, Japan
lags behind the rest of the world in terms of implementing technol-
ogy for anaerobic digestion that effectively utilizes biomass with a
high water content, such as that from livestock waste and organic
waste, which are also renewable resources. In order to solve
this issue, we came to the conclusion that it was necessary to
focus on improving existing technologies to create a system for
effectively utilizing biomass that provides greater benefits.

Biomass Utilization System in Sewage Treatment

. 4
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Treatment Poller Generation  Vegetable <.
sewidge ) o Factory =
Heavy metal Various waste CH,+ oo
o Remove of biomass I~ factory
.4 biogas. CO, water 7=
e v — Foods
Hydrothermal  Anaerobic Gas purification e
Treatment Digestion CO, dissolution Factory

Digestive Sludge
wastewater. 3t
Solid-liquid Separation

| Residue
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Seaweed factory Cicr;’:;"": = Fertilizer

Fig.1 Carbon flow in a composite system for effective
biomass usage extrapolated from experimental results.

For the last five years, our research group has tried to convince
society of the benefits of this system. We conducted experiments
which showcased the efficacy of composite systems that not only
generate power using biogas, which is a by-product of anaerobic
digestion, but also effectively utilize the digestive juices, residual
heat, and waste gas (carbon dioxide) that are generated during
this process, and even produce manure and crops.

The system we developed from 2011 to 2015 with the help of
a MEXT grant performed anaerobic digestion using sewage
sludge and organic waste from homes and supermarkets as
raw materials. The biogas generated in this process was then
partially separated into methane and carbon dioxide using a gas-
dissolving apparatus. A large amount of this carbon dioxide was
dissolved in water, and this water was used to promote seaweed
photosynthesis. The methane gas, which had increased in purity,
was used as fuel to generate power. The waste carbon dioxide
generated in this step was used as a photosynthesis accelerator,
and residual heat was used for heating. With this, we managed
to cultivate vegetables in a greenhouse. We are currently carrying
out similar experiments based on collaborative research with
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private corporations.

Through these experiments, we were able to gain important
knowledge on factors such as the materials and energy balance
of the entirety of systems that combine element technologies
with different properties. The element technologies forming our
system do not always have to follow the process shown in Fig. 1,
and may be freely changed depending on area characteristics
and the state of the business using the system. Therefore, it is
possible to carry out experiments hypothesizing as many differ-
ent situations as possible and suggest a packaged system with
various types of anaerobic digestion technologies suited to the
respective area. We have already drawn up plans for domestic
and foreign municipalities and organic waste disposal companies
(Fig. 2).

Complex Facility
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3 Area
@ Nigata, Chiba, Shizuoka
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1JA¢ ® Aomori
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Fig.2 Development of this system in different areas

When expanding the use of such a system, it is important to re-
duce equipment costs. Therefore, we are currently developing a
versatile facility alongside the private corporations we collaborate
with (Fig. 3) that utilizes our anaerobic digestion technology,
which is the heart of our system. This facility boasts a very simple
structure, and we have been able to achieve installation at small-
to-medium-sized pig farms and food factories domestically.

Since it was firstimplemented (in 2016), it has been introduced at
three small-to-medium-sized pig farms, and we are currently mak-
ing plans for its implementation in many more places. The farms
currently using this facility have been able to ean additional
income by selling power from manure, as well as reduce odor
problems and composting work, stabilize their water process-
ing capability, and most importantly strengthen their presence
as farmers. Our plant has also been recognized by England's

Fig.3 Versatile small-scale anaerobic digestion facility

Anagrobic Digestion and Bioresources Association, winning their
Best International Small-scale Plant Award in July 2017.

Project Associate Professor Yoichi Atsuta, who has been conduct-
ing experiments and forming plans for expanding this system into
other areas, says, ‘I'm surprised at the demand for our biomass
usage system. We would lke people to know that they can
convert their unused hiomass into power and products such as
vegetables, and improve the negative reputation waste products
and manure have had."

Professor Hiroyuki Daimon, Project Manager, believes that,
“Effectively using biomass is usually achieved by forming all-
ances between various institutions in academia and industry.
Universities actively playing a central role in the planning stage
to organize information in an objective manner will improve the
feasibility and sustainability of this business.”

Our system contributes to generating renewable energy and
reusing regional resources, and is an extremely useful tool for
local farmers and local production. We will continue to aim to
achieve further exposure.

This project was made possible thanks to the Development of
Leading Creation of Science and Technology Grant we received
from MEXT entitled “Creating a Base for Effective Use of Biomass,
(02, and Residual Heat" (2011 to 2015), and the collaboration of
the following companies:

Collaborative Research Companies:
* Meiki Cleaner Ltd. o |cnam Ltd.
+ Komasuya Ltd. * e-power corp.
» All Japan Creation Corp.  Lemming Corp.
¢ Genec Ltd.
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