No.6 Sep.2016

FEATURE STORY

TUTResearch

e-Newsletter from Toyohashi University of Technology

How organic chemistry can

contribute to society

Professor Iwasa’s research involves studying and synthesizing organic compounds
and devising ways.to use those compounds in the fields of medicine and health,

such as molecular sensors.

I Research Highlights

B el

http://www.tut.ac.jp/english/newsletter/

Unveiling the electron’s motion in a carbon nanocoil...5

Development of a precise resistivity measurement system for
quasi-one-dimensional nanomaterials using a focused ion beam

Towards building next-generation batteries using
a pigmentelectrode ... 6

Electrode design of next-generation batteries using Prussian blue
and its analogues

Can robots recognize faces even under backlighting? ...7

An adaptive contrast adjustment for illumination-invariant face
appearance

Sociable Dining Table ... 8

Learning from the Wizard to enable a Human-Robot social interaction
adaptive to individual preference

TUT launch Research Institute for Science & Technology Innovation
along with 16 innovative research projects .............................. 11

Commendations for Science and Technology awarded by the Minister
of Education, Culture, Sports, Science and Technology ............ 11

Prestige lecture held in TUT by 2010 Nobel laureate Professor Akira Suzuki ... 11

International Conferences organized by TUT .......................... 12

TUT Research No. 6 Sep 2016



Eeature Story

How organic chemistry can contribute to society

Applications of recent advances in research, such as in drug discovery and pesticide detection

Seiji lwasa

Professor Iwasa’s research involves studying and synthesizing organic compounds and devising ways to use those com-

pounds in the fields of medicine and health, such as molecular sensors. Specifically, he extracts various organic compounds

produced in nature and determines their molecular structures, and synthesizes useful biologically active compounds by

freely manipulating the bonds of organic compounds. As synthesizing useful organic compounds with complicated molecu-

lar structures in large batches quickly can be helpful in areas such as drug discovery and food safety, this high-profile field

of research has been widening its scope of applications in recent years.

Interview and report by Madoka Tainaka

Determining the structures of

natural products and achieving

total synthesis
Professor Seiji lwasa became interested
in the world of organic compounds as a
result of his fascination with the miraculous
properties of medicinal herbs and other
natural products. After that point, guided
by his curiosity, he worked toward be-
coming a researcher in natural products
chemistry.

Professor lwasa says, “Just as Ninjas once
used aconite poison as a weapon by wip-
ing it on the tips of their Shuriken, there are
many surprising natural products in this
world that can take a person’s life even
when used in tiny quantities. However,
aconite also has beneficial cardiotonic
and analgesic effects, and thus has long
been used as a medicine as well. That
shows that even poison can be a medicine
if used properly. Nevertheless, in order to
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use such products effectively, we need to
understand their structures and functions.
It is the mission of [A1]:Organic sounds
better, but | don’t know if ‘Natural Product
Chemist’ is an official name to make these
products useful by reproducing them syn-
thetically, a process which is called ‘total
synthesis’.”

At that time, Professor lwasa was working
on the total synthesis of strychnine, an
extremely toxic alkaloid. The molecular
structure of strychnine was uncovered in
the mid-20th century after a century of ef-
fort. After that discovery, R.B. Woodward et
al. succeeded in completing the synthesis
of strychnine in 37 steps. Professor Iwasa
and his team successfully shortened the
process by more than half, to just 12 steps.
This was in 1994.

“The method we used is called retrosyn-
thetic analysis, and it involves exploring
how to synthesize a substance by breaking
down the synthetic process step-by-step
while analyzing the molecular structure.
This method allowed us to more easily
synthesize strychnine. This field deals with
molecules, which have a three-dimensional
form. Because of this, it requires big leaps
in topological thinking and mathematical
sense. That is why this research is so thrill-
ing to me,” says Professor lwasa.

Catalytic asymmetric reactions:

A promising tool for drug discovery
In order to seriously investigate the
methodology for further shortening and
simplifying the process of total synthesis,
Professor Iwasa is currently focusing his
efforts on the development of catalytic
asymmetric synthesis. Asymmetric syn-
thesis is a method of synthesizing optical
isomers, which has come to be used in
the development of most drugs in recent
years.

Professor lwasa explains the concept.
“An optical isomer is a compound that
cannot be superimposed on its opposite
compound, like a human’s right and left
hands. In essence, it is a mirror image of
a substance. In the case of most optical
isomers, the right-handed one has a thera-
peutic effect, whereas the left-handed one
is toxic. Even though the substances look
the same, they have completely opposite
physiological properties.”

One well known example of this is thalido-
mide. Thalidomide, a drug developed as
a hypnotic and sedative, caused a global
tragedy in 1957 due to the toxicity of one of
its isomers, which caused the children of
mothers who took the drug while pregnant
to be born with limb malformations. When
normal methods of synthesis are used,
both the right-handed and left-handed
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optical isomer are produced at the same
time. Essentially, this tragedy occurred
because both isomers were present in the
drug. Therefore, in order to safely use an
optical isomer as a drug, it is necessary
to skillfully produce just the isomer with
the useful properties. This can be done by
asymmetric synthesis.

Professor |lwasa developed a method
for performing these reactions using an
unstable carbene intermediate and an
organometallic complex. This acts as
a highly active catalyst because of the
electrical properties of the metal. When
this is combined with the asymmetric
environment of the organic ligand, just
one optical isomer of the substance is
produced selectively. This is what is called
a ‘catalytic asymmetric reaction’. Actually,
the first person to use a metallic complex
as a catalyst in asymmetric reactions was
Dr. Ryoji Noyori, who won the Nobel Prize
in Chemistry in 2001.

“To give an analogy, an asymmetric reac-
tion is like setting out a glove that will only
fit the left hand, so that it will only recognize
the left hand. For example, a substance
called chrysanthemic acid that is used in
mosquito coils is also an optical isomer,
and is efficiently synthesized through an
asymmetric reaction catalyzed by metal.
The trick is that using a complex formed
from an organic metal with high electron
density and a highly configurable ligand
as a catalyst makes it easy to control the
reaction.”

In recent years, Professor Iwasa has
also incorporated computer science into
his research. He has started a project to
explore reaction mechanisms regulated at
different intensities by analyzing reaction
mechanisms through simulations. He has
also branched out to working on making
catalysts non-toxic after use in chemical
reactions.

‘| believe that my job is to create new
fields within organic chemistry and to keep
expanding their reach.”

A wide scope of work ranging from

molecular sensors to development

of drug substances
One of Professor Iwasa’s achievements,
that exemplifies the wide-ranging scope of
his research, is his project to develop a kit
for testing for residual pesticides using im-
munochromatography. He worked on this
project as part of the Food Safety Tech-
nology Project, one of the core research
projects of Knowledge Hub Aichi, which
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is run by the Aichi prefectural government.
It involves the simple detection of residual
pesticides by employing antibody reac-
tions, which are part of organisms’ immune
systems, a field of study quite different
from total synthesis.

“Testing devices have conventionally
been large and expensive, require trained
specialists to operate, and take a long
time to run tests. Our goal for this project
was to develop a low-cost system that is
convenient and fast to use in places such
as manufacturing plants and overseas.
That is why we turned our attention to
organismal immune systems.”

However, pesticide molecules are too
small to elicit an immune response without
alteration. Therefore, Professor Ilwasa
made the pesticide molecules bigger by
attaching a massive protein extracted from
shellfish, and experimented by injecting
those molecules into mice. The mice rec-
ognized the molecules as foreign bodies
and produced countless antibodies. Anti-
bodies against the pesticide are sorted out
from amongst those antibodies and fused
to detoxified cancer cells to promote prolif-
eration. Essentially, Professor lwasa made
antibodies against pesticides proliferate
endlessly by exploiting the properties of
cancer cells.

“When antibodies produced in this way are
planted onto gold colloid, which acts as an
antibody label, and a solution containing
the pesticide is run across it, an immune
response is elicited. This kit determines the
concentration of pesticide by measuring
absorbance,” Professor lwasa explains.

He has created two different kits; a kit like
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a pregnancy test for simple visual con-
firmation, and a quantitative kit that uses
optical equipment, so that they can be
used for different purposes. He says that
he is now working on how to make these
into products.

In addition to this work, he has developed
a method for extracting a useful sub-
stance from Melaleuca leaves in a joint
project with Ho Chi Minh City University of
Technology in Vietnam. This substance is
already being used as a drug substance.
Professor lwasa says that while conduct-
ing this research, he traveled by canoe
into Vietnamese forests with thick-growing
Melaleuca groves.

“Curiosity has always been what has
driven my research. As long as | have
curiosity, | can go anywhere. Even still, |
felt a bit scared in the forest in Vietnam.” It
seems that Professor lwasa’s curiosity still
has no limit.

[Reporter’s Note]

After finishing his degree at Chiba University,
young Professor Iwasa wrote letters to research
institutions all over the world telling them of his
desire to pursue the study of organic chemistry.
He got his first response from the University of
Ohio, despite having no connections there. He
then went to the United States, where he achieved
several research accomplishments, including the
synthesis of strychnine, and later got an offer from
the University of Chicago. This moment made him
feel how open-minded Americans are and how
strong their researcher network is.

In order to return the favor, Professor Iwasa is
making an active effort to recruit international
students. Students from eight different countries,
including China, Mongolia, Laos, and Malaysia,
are currently working with him in his laboratory.

“Learning about the world like that has reminded
me of what is good about Japan. | want to bring
good aspects of Japan such as its advanced
technological capabilities, strong morality, and
respect for the environment to the rest of the
world. To that end, | am currently engaged in
Japanese language education in Asia as well,”
says Professor Iwasa.

His curiosity is extending beyond his research to
education and the environment as well.
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Researcher Profile

Dr. Seiji lwasa received Ph.D. degree in Engineering from Chiba §
University in 1991, After getting his Ph.D., he was engaged in re-
search as Post Doctoral Research Associates in Ohio State University,
University of Chicago, and ERATO respectively. Currently, Dr. lwasa is
a professor in Department of Environmental and Life Sciences at Toyo-
hashi University of Technology. His research interests are asymmetric i
synthesis, carbene, diazo compound, natural product, and so on.

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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Research Highlighta

Unveliling the electron’s motion in a carbon nanocoil

Development of a precise resistivity measurement system for quasi-one-dimensional nanomaterials using a focused ion beam

By Yoshiyuki Suda

Yoshiyuki Suda, in cooperation with researchers at the Univer-
sity of Yamanashi, the National Institute of Technology Gifu Col-
lege, and Tokai Carbon Co., Ltd., has discovered how the elec-
trical resistivity of carbon nanocoils (CNCs) depends on their
geometry. The finding, which required development of a new
resistivity measuring apparatus, paves the way for CNC-based
nanodevices ranging from electromagnetic wave absorbers to
nano-solenoids and extra-sensitive mechanical springs.

Carbon nanocoils (CNCs) are an exotic class of
low-dimensional nanocarbons whose helical shape
may make them suitable for applications such as
microwave absorbers and various mechanical
components such as springs. Typical thicknesses
and coil diameters of CNCs fall within the ranges of
100-400 nm and 400-1000 nm, respectively, and their
full lengths are much larger, on the order of several
tens of micrometers. Despite earlier pioneering work,
the relationships between the geometric shape of
natural CNCs and their mechanical and electrical
properties, particularly the electrical resistivity, are not
well understood.

Now, Yoshiyuki Suda and his colleagues at Toyohashi
University of Technology, University of Yamanashi, Na-
tional Institute of Technology - Gifu College, and Tokai
Carbon Co., Ltd. have established that the resistivity
of CNCs increases with coil diameter. To make this
discovery, it required the development of a precise
resistivity measurement method, using a focused ion
beam (FIB) and nanomanipulator technique to select
a sample CNC with the desired coil geometry and
then make firm electrical connections to the instru-
ment's electrodes. All the resistivity data obtained with
CNCs fits nicely with the curves predicted by a theory
known as variable range-hopping (VRH), which is
suitable for disordered materials at low temperatures.

The research shows that the interior of the nanocail
contains material that affects its electrical properties.
The scientists examined 15 individual CNCs, and
three CNCs that had been artificially-graphitized to
give them lower resistivity (G-CNCs). Although the
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Scanning electron microscope image of the
resistivity-measuring electrical circuit, in which a
single carbon nanocoil makes excellent contact
with the electrodes.

Yoshiyukii Suda (2nd from right, middle row) with his students

resistivity of the CNCs increased with coil diameter, it
was almost unchanged for the G-CNCs. As a conse-
quence, for the CNCs with the largest diameters, the
resistivity was almost two orders of magnitude larger
than that of the graphitized versions.

This large discrepancy in the resistivity between
CNCs and G-CNCs indicates a significant structural
complexity inside the CNCs. The results imply that the
interior of CNCs with large coil diameter is filled with
a highly-disordered carbon network that consists of
many small regions (known as sp2 domains) embed-
ded in a sea of amorphous carbon. To verify this
theory, the temperature dependence of the resistivity
between 4 K and 280 K was examined. The resistivity
data obeyed two different versions of the VRH theory;
the regime in the temperature range of 50-280 K was
found to be the so-called Mott-VRH version, while that
in the range of 4-20 K was the Efros-Shklovskii-VRH
version. Interestingly, the resistivity curves shifted
smoothly between regimes as the coil diameter was
changed.

“We first observed this behavior three years ago.
Thanks to the efforts of two my students, we were
able to include the resistivity data for G-CNCs and
straight carbon nanofibers (CNFs), and compare
them to the data for the CNCs”", explains Associate
Professor Yoshiyuki Suda, “I am very grateful to Prof.
Hiroyuki Shima and Dr. Tamio lida for joining this
study. Together, we obtained the low-temperature
measurement data and discussed it using the VRH
theory. Eventually, we came to the conclusion that this
behavior is a unique phenomenon for CNCs and can
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6x10 | Coil diameter:1001 nm
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/
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T 280K
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14 [ 114

Temperature 7 [K™]
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Resistivity, log p [rem]

Dependence of the resistivity of carbon nanocoils
on temperature, for different coil diameters. The
graph’s axes, log resistivity (p) and T-"#, are used
to simplify the portrayal of the functional depen-
dence. Solid lines in this figure show the best fit to
the data with the Mott-VRH model.
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be fitted by VRH.”

The first author, Master's course student, Yasushi
Nakamura, commented on how they went beyond
the CNC resistivity measurements of other groups.
‘It was a long and challenging task. | had to prepare
many single CNC samples using a focused ion-beam
apparatus. Our finding was achieved by establishing
a precise measurement system using a scanning
electron microscope and acquiring resistivity data for
many single CNCs.”

The group’s present results on resistivity are in
qualitative agreement with their previous findings on
the mechanical properties of CNCs: Tensile load ex-
periments showed that their shear modulus increases
with coil diameter. The positive correlation between
the shear modulus and coil diameter is possibly
caused by the fact that in large-diameter CNCs, the
population of sp2 domains, which are fragile against
shear stress, is reduced in comparison to small-
diameter CNCs.

These results imply that, with nanocoils, the resistance
as well as the inductance are defined by geometric
factors. In particular, coil diameter, pitch, and length
are important. The correlation found can be used
to improve control over the peak frequency of elec-
tromagnetic wave absorption, in which a particular
range of frequencies (~GHz) is absorbed, dependent
on the impedance properties.

These findings pave the way for CNC-based nanode-
vices, ranging from electromagnetic wave absorbers
to nano-solenoids and extra-sensitive mechanical
springs.

This work was partly supported by

¢ JSPSKAKENHI GrantNumbers 24360108,25390147,
and 15K13946.

« The Toyota Physical and Chemical Research Institute.
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Shima (2016). Precise measurement of single carbon
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Physics Letters, 108, 153108. 10.1063/1.4945724

TUT Research No. 6 Sep 2016



Hesearch Highlights

Towards building next-generation batteries using a pigment electrode

Electrode design of next-generation batteries using Prussian blue and its analogues

By Tomohiro Tojo

Tomohiro Tojo and his colleagues have demon-
strated the properties of calcium ion batteries
(CIBs) created using pigment electrodes such
as Prussian blue and its analogues. The CIBs
showed excellent cyclability of discharge and
charge in a calcium-based organic electrolyte.
This is thought to derive from strong atomic
bonds in Prussian blue structures, which pos-
sess movable pathways for large-sized ions
in three dimensions. Such unique structures
have excellent potential for application in a

new generation of batteries.

Calciumion batteries (CIBs) have attracted
much attention as the next-generation bat-
teries likely to replace lithium ion batteries
(LIBs). This is because the theoretical
capacity of CIBs is twice that of LIBs. This
doubled capacity can be explained by
the difference between monovalent and
divalent ions. In addition, CIBs possess
advantages such as lower cost and higher
safety because calcium is more abundant
than lithium and because CIBs have a
higher melting point than LIBs. However,
there is one major obstacle to the applica-
tion of CIBs. It is hard to find a suitable
electrode material in which calcium ions
can be inserted and extracted reversibly
because of the relatively large ionic radius
of calcium ions (112 pm) as compared to
that of lithium ions (76 pm).

In this study, Tomohiro Tojo and his col-
leagues at the Department of Electrical
and Electronic Information Engineering,
Toyohashi University of Technology, em-
ployed Prussian blue (PB) and Prussian
blue analogues (PBAs) as CIB electrodes

Figure 1. Crystal structure of Prussian blue and
its analogues
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because they possess large sites for in-
serting and extracting large-sized ions, as
shown in Fig. 1. Up to now, using PBAs as
an electrode material, the electrochemical
behaviors of sodium ions corresponding
to the radius of calcium ions have been
examined in organic and inorganic elec-
trolytes. These reports have shown revers-
ible insertion and extraction of sodium ions
into and from PBA structures.

The research team investigated the elec-
trochemical performance of several PBA
electrodes in order to determine whether
calcium ions in an organic electrolyte
exhibit either reversible or irreversible
insertion and extraction into and from the
crystal structure. Reversible capacities of
40-50 mAh/g were observed at a low cur-
rent density, as shown in Fig. 2(a). In Fig.
2(b), the Coulombic efficiencies, which are
defined as the ratio of the amount of inser-
tion (discharge) and extraction (charge)
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Tomohiro Tojo (left of picture) with his colleagues

of calcium ions, were observed to have a
constant value of 90% after the 3rd cycle.

The results shown in Fig. 2 demonstrate
the excellent cyclability of the PBA elec-
trodes, even though the reversible capaci-
ties were half the theoretical capacity. The
researchers investigated the reason for
the high reversibility using X-ray diffraction
(XRD) and X-ray photoelectron spectros-
copy (XPS). The reversibility is explained
by the durable structure of the PBAs and
their excellent charge balance during the
insertion and extraction of calcium ions.

This data suggests that Prussian blue
(PB) and Prussian blue analogues (PBAs)
may be proposed as feasible electrode
materials for CIBs, although additional in-
vestigation is needed in order to enhance
the reversible capacities still further. The
researchers plan to carry out further study
to improve the performance of CIBs rela-
tive to LIBs.

This work was partially supported by

e Grant-in-Aid for Challenging Exploratory
Research (No. 15K13947) by MEXT.

e Grant-in-Aid for Scientific Research (B),
No. 24360109 by MEXT

Reference

Tomohiro Tojo, Yosuke Sugiura, Ryoji Inada, and
Yoji Sakurai (2016). Reversible Calcium lon Batter-
ies Using a Dehydrated Prussian Blue Analogue
Cathode, Electrochimica Acta, 207, 22-27,
10.1016/j.electacta.2016.04.159
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Research Highlight

Can robots recognize faces even under backlighting?

An adaptive contrast adjustment for illumination-invariant face appearance

By Jun Miura

Jun Miura and his colleagues have developed a
novel technique to address the problem of vision-
based face detection and recognition under normal
and severe illumination conditions. This technique
contributes to help robotic systems that use face in-
formation for providing user-dependent services to
work well under a large variety of illumination condi-

tions.

Vision-based face detection and
recognition is one of the most rapidly
growing research areas in computer
vision and robotics and is widely used
in several human related applications.
However, vision-based face detection
and recognition has been shown to be
effective only under normal illumination
conditions. In developing an algorithm
for face detection and recognition, it
is crucial to consider both normal and
severe illumination conditions. One ap-
proach is to convert face images under
various illumination conditions into
ones with invariant face appearance
while preserving the face-specific
characteristics such as texture and
facial features.

Now, researchers at the Department
of Computer Science and Engineering
at Toyohashi University of Technology
have developed a novel technique to
adaptively adjust the effect of lighting
on human faces by employing an ex-
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Jun Miura (right of picture) with PhD candidate Bima Sena Bayu Dewantara

tended reflectance model. The model
has one variable (illumination ratio),
which is controlled by Fuzzy Inference
System (FIS). To cope with a vast
variety of illumination conditions, the
FIS rule was optimized using Genetic
Algorithm (GA).

The first author PhD candidate, Bima
Sena Bayu Dewantara, explained, “To
eliminate the effects of light, image
contrast should be adjusted adaptively.
To produce an invariant face appear-
ance under backlighting, for example,
cheeks need to be brightened, while
the eyeballs must be kept dark. Such
an adaptive contrast adjustment can
be performed using the developed
reflectance model, and we have shown
that a combination of Fuzzy Inference
System (FIS) and Genetic Algorithm
(GA) is very effective for implementing
the model.”

Professor Jun Miura said, “By just
adding this contrast adjustment to
present face recognition systems,
we can significantly improve the
accuracy and performance of face
detection and recognition. Moreover,
this adjustment runs in real-time, and
therefore, it is appropriate for real-
time applications such as robot and
human-interaction systems.”

A face not only provides a person’s
identity but also provides other infor-

mation such as a person’s focus of
attention and the degree of tiredness.
Obtaining such information is useful
for smooth human-machine interac-
tion, and researchers expect that the
proposed contrast adjustment method
will also be useful in various situations,
especially under severe illumination
conditions.

This study was partly supported by a
Grant-in-Aid for Scientific Research
No. 25280093 by JSPS, Japan.

Reference

Bima Sena Bayu Dewantara and Jun Miura
(2016). OptiFuzz: A robust illumination invari-
ant face recognition and its implementation,
Machine Vision and Applications, DOI:
10.1007/s00138-016-0790-6.

R Results of illumination invariant face recognition
for real implementations: (a) person #1 outdoor, (b)
person #1 indoor, (c) person #2 outdoor and (d)
person #2 indoor. Small image in the bottom-right
side of each image is the input image.
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Sociable Dining Table

Learning from the Wizard to enable a Human-Robot social interaction adaptive to individual preference
By Khaoula Youssef

To effectively design robots that leverage available non-
expert human scaffolding, we need to understand how
humans naturally teach. Ph.D. candidate Khaoula Youssef
and her research group in Toyohashi University of Tech-
nology demonstrated how we can ecologically extract
interaction patterns and integrate an adaptive architec-
ture into robots enabling them to adapt to emerging online
human knowledge. The approach consists of two experi-
ments: a human-human experiment (Wizard-of-Oz) to ex-
plore how people build a protocol of communication, and
a human-robot interaction (HRI) experiment to validate
how an actor-critical architecture suggested in the first ex-
periment enabled the adaptation to individual preference.

- ‘

When robots are supposed to learn a task, much
engineering by technical experts goes into
determining how the industrial robots should be
adjusted to the specific task. However, social
robots include those that interact with non pro-
grammers. Because human beings are a largely
untapped source of knowledge and guidance
during the learning process, designing a task-
specific designed robot is difficult.

Thus, to effectively design such social robots
with relatively natural interfaces that allow any-
one including non-programmers (non-experts)
to guide the learning process of a robot,
understanding how humans naturally teach is
important.

Ph.D. candidate of Khaoula Youssef and her
research group from the Interaction and Com-
munication Design (ICD) Lab at Toyohashi
University of Technology could identify the
commonly mirrored patterns and  strategies
used by humans in a human-human interaction
context by conducting a Wizard-of-Oz (WOz)
experiment.

In the experiment, the first human in room (A)
knocks on the table to make a robot called
Sociable Dining Table (SDT) exhibit certain
behavior. These knocking sounds are trans-
lated by the second human, the robot’s remote
controller located in room (B). The controller
does not recognize these as human knocking
patterns, while the human ignores the fact that
the controller controls the robot using his/her
knocking. It was found from the experiment that
incrementally people modulated their knocking,
which suggests that they understood over time
that they needed to use simple commands to
make the robot behave according to their inten-
tions (systematized input means systematized
output).

Youssef Khaoula said “We could identify spe-
cific patterns of interaction based on the WOz
experiment. For example, sometimes the con-
troller auto-criticized his choice and changed
the robot's behavior without being stimulated
by any knocking (confusion state). The knocker
could learn to read this situation and adapt
their behavior to implicitly help the controller
by composing the previously sent command

,—@ Ceiling lamp

Image Processing

E Create & Sound Source
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(remedial knocking pattern). Thus, we decided
to use the actor-critic architecture which is a
reinforcement-based algorithm.”

After implementing the actor-critic architecture,
a Human-Robot Interaction (HRI) experiment
was conducted to verify whether the human
(knocker) could interact with the robot to trans-
late the emerging knocking patterns in the same
way as the previous experiment. Here, the robot
is autonomous and does not require a controller.
The results indicated that the autonomous robot
using the actor-critic algorithm could indeed
establish a communication protocol when
interacting with a non-programmer.

The robot is not designed to be task-specific,
but it adapts to the user's method which may
empower the robot and makes the interaction
natural. The methodology serves as an inspira-
tional technique that roboticists building robots
for non-programmers could follow to build use-
ful and easy to use minimally designed robots
imbued with the capability to interact naturally
with the human.

This research is supported by Grant-in-Aid for
scientific research of KIBAN-B (26280102) from
the Japan Society for the Promotion of Science
(JSPS).

Reference
Youssef Khaoula, Asano Takahiro, De Silva P. Ravindra
S. and Okada Michio (2016). Sociable Dining Table:

The overall architecture of the SDT. the
human’s knock is detected by four micro-
phones while the robot executes different
behaviors using the servomotor

Khaoula Youssef (2nd from right, upper row), super-
visor Prof. Michio Okada (3rd from left, lower row)
and ICD lab members including international stu-
dents from four different countries

Meaning Acquisition Exploration in Knock-Based Proto-
Communication, International journal of social robotics,
8(1), 67--84. 10.1007/s12369-015-0314-y.
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B TUT launch Research Institute for Science &
Technology Innovation along with 16 innova-
tive research projects

In April 2016 TUT unveiled a new strategic research institution
along with, 16 cutting-edge and innovative research projects it
will oversee. All of these projects are intended to be of social
use, and are collaborative efforts with leading industry, compa-
nies and institutions. The projects were chosen carefully from 25
applications proposed by the board members of the institute,
based on an analysis of various factors, such as an evaluation
of matching funds with the collaboration partner, the mission and
role, and the expected impact of the project.

Research Institute for Science & Technology Innovation

Research Administration Center (RAC)

Research Centers

Strategic Research Institutions

Research Center for
Collaborative Area Risk
Management (CARM)

Research Center for Future
Vehicle City

Center for Human-Robot
Symbiosis Research

Electronics-Inspired
Interdisciplinary Research
Institute (EIIRIS)

Emergent System Research
Division

Venture Business

Social System Research
i Laboratory (LS! Factory)

Division

Advanced Research
(General) Division

Research Center for
Agrotechnology and
Biotechnology

Emergent System Research Division

Project Leader in TUT

-

Research Project for Social
Relation-oriented Robots

Implementation  of

Michio Okada

N

TUT-ASMO  Advanced
Laboratory Project

Motion  Technology

Jun Miura

w

Development of Next Generation Contaminant
Detection Technology

Saburo Tanaka

N

High-Frequency Semiconductor Circuit Serendipity
for Wireless Power Transfer

Takashi Ohira

[

Development of novel bio-sensors using Sensor /
MEMS technology

Kazuhiro Takahashi

6

Advanced tool Coating Technological laboratory,
OSG-TUT collaboration (ACTO)

Hirofumi Takikawa

7

Road Marking 2.0 Project

Kojiro Matsuo

Social System Research Division

-

Research on Societal Implementation of Supporting
Multilingual Information Outbound

Hitoshi Isahara

N

Development of an outdoor cleaning robot usable
in a recycle center

Naoki Uchiyama

w

Development and implementation of a disaster
detection and disaster prevention information
sharing system in order to support the Tokai region
in the case of a massive earthquake

Taiki Saito

~

Research for Production and Utilization of Biomass

Hiroyuki Daimon

[

New agriculture promotion plans for agriculture
development in East Mikawa region

Takanobu Inoue

o

Investigation of mechanism of water pollution
material runoff

Kuriko Yokota

Advanced Research (General) Division

—

Innovative Advanced Sensor
lon-Biology

Processing and

Kazuaki Sawada

N

Research on Experimental Cognitive Science of
Psychological Brain Mechanisms

Shigeki Nakauchi

w

Multiferroic  Materials Laboratory for Advanced
Applications

Atsunori Matsuda

B Commendations for Science and Technology awarded by the Minister of Education,

Culture, Sports, Science and Technology

This award is given to researchers who achieve significant results in the
study of science and technology. On April 20" 2016 two researchers from

TUT received this award.

Science and Technology Promotion Category
Professor, Hiroyuki Daimon

“Promotion of a recycling composition technology by production and

utilization of Biomass”

The Young Scientists’ Prize
Assistant Professor,Yuu Hirose

Professor Daimon

Assistant Professor Hirose

“Analysis of Complementary Chromatic Acclimation Process of Cyanobacteria”

B Prestige lecture held in TUT by 2010 Nobel laureate Professor Akira Suzuki

Akira Suzuki, Nobel laureate in Chemistry 2010, was invited to TUT on 30" Jun 2016 to give
a Prestige Lecture entitled “Cross-coupling Reactions of Organoboranes: An Easy Way for
C-C Bonding”. This lecture was facilitated by the TUT leading graduate school program
students and an interactive session with the program students was held after the lecture.

Before presenting the lecture, he had a chance to meet high school students invited to TUT
from Asian countries. The students, from 9 top high schools across 5 different countries,
were very excited by this rare opportunity and were greatly encouraged to come to Japan

to study engineering, technology and science.
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B International Conferences organized by TUT

As a Top Global University of Japan, Toyohashi University of
Technology organized or chaired the following International
Conferences:

APCOT 2016

Asia-Pacific Conference of Transducers and Micro-Nano
Technology 2016

June 26-29, 2016, Kanazawa Japan

General Chairman: Professor Kazuaki Sawada, Toyohashi
University of Technology

WFC 2016 j
The 72™ World Foundry Congress WFC 2016 in Port Messe Nagoya
May 21-25, 2-16, Nagoya Japan

Co-Chairman: Professor Kazuhiro Terashima, Toyohashi
University of Technology

ICAICTA 2016 / 4" IGNITE

The 2016 International Conference on Advanced Informat-
ics: Concepts, Theory and Application

August 16-19, 2016, Penang Malaysia

Organized by: Toyohashi University of Technology (Japan),
Universiti Sains Malaysia (Malaysia), Institut Teknologi Ban-
dong (Indonesia) and Brapha University (Thailand)
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