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Systems Engineering to Enhance the Performance of Industrial
Machines and Robots

Naoki Uchiyama

Professor Naoki Uchiyama's Systems Engineering Laboratory conducts research that can benefit industry, with a focus
on sites. Amidst the growing labor shortages that sites are facing, Professor Uchiyama'’s Laboratory focuses mainly on
working towards optimizing controls and improving efficiency and automation in the mechanical systems of industrial
machines and robots . | spoke with Professor Uchiyama about how he connects his work to external organizations, for
instance through his Collaborative Research Laboratory that aims to incorporate both research and education.

Interview and report by Madoka Tainaka

I Academia that solves problems at sites

The word "system" means all component factors that collectively interact with and affect each other within a mechanism, but the
term is used in a variety of situations, so many people might assume that the word is not well defined. Naturally, the scope of
system engineering is incredibly vast. Beginning with machines and electricity that form the foundation of mechanical
engineering, Professor Uchiyama utilizes a vast range of lateral fields like information, management, and construction to
describe system engineering as an academic pursuit that aims to optimize all those fields.

"Essentially, we attempt to understand a real-life phenomenon, create mathematical models, then work to optimize and control
that phenomenon. Because we're looking to optimize the issue or problem we've been given, some people may consider the field
to be lacking in direction. However, from the perspective of taking the approach that leads from the problem to the solution, |
would say that this academic pursuit is very close to how society works."

Collaboration with companies that operate manufacturing sites is indispensable when carrying out research that works
backwards from a problem. The laboratory has always carried out joint research with multiple companies, but in 2019, Toyohashi
University of Technology offered their first "Collaborative Research Laboratory." It partnered with Kobelco Construction
Machinery, a company involved in the development, production, and sales of backhoes and crawler cranes, to develop next-
generation cranes.

"Because it was established with funding from an external organization facing the same problems we encounter here at the
university, the Collaborative Research Laboratory not only conducts research, but also confers degrees to students. That is to
say, it works to develop human resources.

The Collaborative Research Laboratory is funded by external organisations, such as companies, that share a common agenda
with the university. In normal joint research, the main focus is on research, and in the case of endowed laboratories, the benefits
to the company are not clear, as in principle the intellectual property gained from the research basically belongs to the university.
In comparison, the Collaborative Research Laboratory is an excellent initiative that enables both companies and universities to
enhance both intellectual property and human capital. In fact, some of our PhD students are currently conducting research under
this collaboration.
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I Transporting suspended loads in the shortest possible time while controlling sway

Radial

Professor Uchiyama and his group are working on a Collaborative Costanny
Research Laboratory with Kobelco to control swaying in giant cranes.” e 4 / =N
When working with giant cranes that have 80 m long cables, even a \
slight swing of the tip of the crane could result danger from causing the
suspended load to sway signicantly. That's why they are looking for
ways to transport suspended loads in the shortest time possible, and
with minimum sway.
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Professor Uchiyama said, "Tackling vibration has been a persistent
issue for factories and large-scale construction sites. We've created Counterweight | XUpper body
some methods and theories to address that, but these sites still face Lorwer oty
numerous issues. And with the giant cranes used at outside
construction sites, the environment changes each time. Right now,
crane operators carefully watch loads and rely on their experience and
intuition to operate cranes, but if we can use software to control safety
and efficiency, then even inexperienced people could operate cranes
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and that would help address the labor shortage.” :
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They have already achieved some results. Each part of a giant crane is T \_j VIV

transported individually and assembled on site, so they are made of
lightweight materials to reduce load during transportation. This means,
however, that the main frame shakes easily when the crane is moving,

which makes it difficult to control sway in the load. To address this, Tower boom-twist

P(ofess'or'Uchiyama and hi's'team developed a software program ‘Fhat Crawler crane and tower boom-twist (left).
will optimize the crane’s ability to move as swiftly as possible within . ! .

the limitations set by the need to control speed with regard to vibration Comparative experimental results with an
periods and to accelerate smoothly to minimize contortions in the elastic crane (right).

crane body.

"Eliminating sway at the destination point is
particularly important for safety, but we also had to
consider the maximum performance capabilities of
the hydraulic motors that move the crane. We input
these factors and used our formula to determine the
shortest time and smallest amount of sway. We then
reproduced the distortion and load sway in a 2 meter
crane and verified our results in an experiment. We
also tried this in an experimental capacity with a giant
crane and obtained a response that we think can be
used at construction sites. Our next step is to develop
an interface that considers operability on the
company side.

Professor Uchiyama’s team are not contenting Optimal motion trajectory of an experimental automated crane in
themselves with only trying to optimize time efficiency TUT

however. They are also taking on the challenge of how
to move the crane with the least amount of energy
while using friction during deceleration and
minimising vibration.Doing so would enable them to
contribute to increasing energy efficiency.

* The "KOBELCO CONSTRUCTION MACHINERY ADVANCED CRANE LABORATORY" also conducts research in different laboratories within the
university for environmental recognition and feedback control using other image processing methods.
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I Working towards automation to address labor shortages

He is also working on automation. This came about because construction companies are facing such a shortage of labor that
they are almost at the point of asking manufacturers to supply experienced operators when purchasing industrial machines.

"Automation will be mandatory in the future, but fully automating something like a giant crane operating outside will be difficult
because of the real-time sensing and feedback to account for the effects of wind and other factors. Therefore, | want to only
automate simple tasks and rely on humans for complex operations in accordance with vehicle autonomy Level 2, and then
gradually build upon that."

In addition to that goal and the Collaborative Research Laboratory, he is also working with the metal recycling business
ToyoMetal (Toyohashi) and the construction equipment rental business Rentec Daikei (Toyohashi) to conduct experiments on
using large-scale equipment to automatically transfer accumulated metal recycling materials to containers or other locations.

"This uses image processing to detect the edges of the
material based on colour change, recognize it as a
single item, and then retrieve it with heavy machinery.
We've had some successes in site tests and are
currently conducting research that could be applied to
actual job sites.

Accelerating processes like these could eventually
simplify operation to the extent that it could be
managed by unskilled operators, or even by older people
who might work from home for a few hours at a time."

Automatic recognition and transportation of material for recycle
(2x speed)

I A double degree program in collaboration with the University of Stuttgart

The actual joint research field work is carried out by master's students, doctoral students, and foreign postdoctoral
researchers, and it is essential for these human resources to collaborate with foreign educational institutions as well as the
joint research companies.

"The University established a master's double degree program with the

University of Stuttgart in Germany. In this program, students study for

one year in Toyohashi and one year in Stuttgart and earn credits from both institutions. The students from Stuttgart tend to
have a better grounding in basic math and physics, while the students from Toyohashi tend to be adept at conducting
experiments and programming. The students inspire each other when they visit each other's countries and collaborate on
research.

The programs were carried out remotely while COVID-19 prevented international travel. The postdoctoral researchers who
take part in Collaborative Research Laboratory also come from Egypt, Indonesia, and a variety of other countries. Studying in
such a cosmopolitan laboratory will be of great use to them after they enter the workforce.

Talking of his future plans, Professor Uchiyama explained that "Our work does not always produce ground-breaking
knowledge, but we do make things that help factories right away. Of course, | also hope that we establish theories for control
and optimization. | want to keep working toward research that is theoretically guaranteed and beneficial to society."
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I Reference

Hideki Takahashi, Abdallah Farrage, Kenichi Terauchi, Shintaro Sasai, Hitoshi Sakurai, Masaki Okubo, Naoki Uchiyama,
"Sensor-less and time-optimal control for load-sway and boom-twist suppression using boom horizontal motion of large
cranes," Automation in Construction,2022, Volume 134.

https://www.sciencedirect.com/science/article/abs/pii/S0926580521005379x

M. S. Finkbeiner, N. Uchiyama and O. Sawodny, "Shape Recognition of Material Heaps in Outdoor Environments and
Optimal Excavation Planning,' 2019 International Electronics Symposium (IES), 2019, pp. 58-62
https:/ieeexplore.ieee.org/document/89016700

I Reporter's Note

Professor Uchiyama's parents operate a factory that produces automobile parts. Thinking that he might continue the family
business, he entered the Shizuoka University Faculty of Engineering through the National Institute of Technology, Numazu
College. He eventually discovered an interest in research, earning his PhD at Tokyo Metropolitan University where a teacher of his
transferred to, and has been teaching at TUT since 1995. His younger brother currently manages the family business.

The family business faced financial difficulties while he was a student and so he worked a variety of part-time jobs to save
money for school and pay for his daily expenses.

"Honestly, back then | sometimes felt that | was wasting my time working at those part-time jobs." Professor Uchiyama says with
a wry laugh. However, working at the family business and the part-time jobs taught him about real working conditions on factory
floors, and that has helped him with his current research. We hope that he will continue to play an even more active role as a
bridge between the university and industry.
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Researcher Profile

Naoki Uchiyama

Naoki Uchiyama received PhD degree from Tokyo Metropolitan University in 1995. He started his career as a
research associate at Toyohashi University of Technology, had been involved in systems engineering, control
engineering, and mechatronics. He has been worked as a professor since 2015.

I Reporter Profile

Madoka Tainaka

Editor and writer. Former committee member on the Ministry of Education, Culture, Sports, Science and Technology
Council for Science and Technology, Information Science Technology Committee and editor at NIl Today, a publication
from the National Institute of Informatics. She interviews researchers at universities and businesses, produces content
for executives, and also plans, edits, and writes books.
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A robot assisting elderlies in standing up, walking, and sitting
down

Recognizing the state of users through few sensors
Mizuki Takeda

A research team led by Mizuki Takeda, an assistant professor at the Department of Mechanical Engineering in Toyohashi
University of Technology has developed a robot that can assist people in standing up, walking, and sitting down by
estimating the user's state using a small number of sensors. They have developed a technique for a robot to estimate a
user's state with few sensors by calculating center of gravity candidates. Knowing the state of the user, such as whether
they are trying to stand up or sit down, makes it possible to provide assistance as necessary. Moreover, it can prevent
accidents by detecting irregularities, such as the user almost falling over.

Elderly people, whose muscle strength weakens with age,
may need to receive assistance in their daily lives, so
robots are being developed to assist with especially
frequent actions such as standing up and walking.
Conventional robots have normally assisted in one of
these actions, but since standing up, walking, and sitting
down are done in sequence, it is desirable to have a
single robot assist with them all.

Moreover, large-scale systems are often constructed to
produce great force or recognize the user's state in detail,
but systems for household use should ideally be small
and have few sensors. If all movements are initiated by
the robot, it may lead to dissatisfaction on two counts:
muscular weakening and a reduced sense of
independence on the part of the users. As such, they
have developed a robot that allows the user to initiate
movement and assists as appropriate by recognizing the =
user's situation and adding the force that is missing. Assisting standing up. When the robot user leans

forward, the robot detects it and assists in standing

up by elevating the armrests.
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The research team focused on center of gravity as a key to
estimating the robot user's state. Center of gravity is
effective as an indicator of a person's state, cannot be
accurately assessed with only a few sensors, so they
developed a technique for calculating the range where
center of gravity candidates can be found by considering
data such as the motion range of joints. They produced a
robot that uses these center of gravity candidates to
estimate the user's state and detect irregularities through a
type of machine learning called support vector machine and
then move according to that information.

The research team believe that estimation of people's states
using center of gravity candidates can be applied to welfare
robots of various shapes and uses. Moreover, they want to »- 0:0070:36
make robots easier to use for elderly users by better o
understanding what movements the robots are expected to
perform and how they should communicate with the users.

Assistance for standing up, walking, and sitting down. By estimating the

user's state, a single robot can assist different movements like standing
up, walking, and sitting down as a seamless sequence.

I Reference

Mizuki Takeda, Kaiji Sato, Yasuhisa Hirata, Takahiro Katayama, Yasuhide Mizuta, and Atsushi Koujina (2021). Standing, Walking, and Sitting Support Robot
Based on User State Estimation Using a Small Number of Sensors. IEEE Access.
doi: 10.1109/ACCESS.2021.31272750
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Researcher Profile

Name Mizuki Takeda

Affiliation Department of Mechanical Engineering
Title Assistant Professor

Fields of

Robotics / Human-Robot Interaction / Care Robot / Robot Ethics
Research
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Development of rapid and simultaneous diagnosis of COVID-
19/influenza diseases by manipulating microfluidic flow with a

microfluidic chip

Daigo Natsuhara

BT

Daigo Natsuhara (right) and his adviser, Prof. Takayuki Shibata.

BB RS

A research team consisting of Daigo Natsuhara, a second year Ph.D. student and Professor Takayuki Shibata etc. at the
Department of Mechanical Engineering, Toyohashi University of Technology, and Professor Hirotaka Kanuka, etc. of the
Jikei University School of Medicine has developed a microfluidic chip which is capable of simultaneous diagnosis of
COVID-19 and influenza diseases, by applying the microfluidic chip technologies. The team has built a theoretical model
that manipulates microfluidic flow with an extremely simple microchannel design and has established an optimal
design theory for microfluidic chips. Further, using the diagnostic device they developed, they performed genetic
amplification experiments on four types of infectious diseases, including COVID-19, and demonstrated that multiplexed
rapid and simultaneous diagnosis was possible within 30 minutes. The device is not limited to human infectious
diseases, but can be utilized for genetic diagnoses in a range of fields (e.g. agriculture, farming, and fisheries industries,

food industry, and health and medical care).

As shown during the global COVID-19 pandemic, viral diseases cause immense public concern and have a massive impact on
economic activity. In this research, with the goal of creating technology to make our lives safer and more secure, the team
developed a diagnostic technology that enables anyone to detect viral diseases in a rapid, simple, and low-cost way. What is

more, it can be carried out anywhere and at any time.

The LAMP (Loop-Mediated Isothermal
Amplification) method™ is a genetic test
technology. This simple test method, unlike the
commonly used PCR test, does not require
expensive equipment, such as for accurate
temperature control. Moreover, the test can be
conducted on site because it allows genetic
amplification at a constant temperature for a
constant length of time (60 to 65°C, 30 minutes to
an hour or so). However, to diagnose multiple
types of viruses, the conventional LAMP method
entails considerable effort to perform as many
preparations of samples and reagents and genetic
amplification reactions as the number of analytes,
requiring expert knowledge and skills.
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Therefore, the research team of Toyohashi University of COVID-19 (200 copiesinL) SARS

Technology and the Jikei University School of Medicine N EN [
developed a polydimethylsiloxane (PDMS)-based
multiplexed genetic diagnostic device (size: 45mm x "u“ bl el N g
25mm, reaction chamber: 3uL x 5 pieces) (refer to the = il _{P

photo in the figure) by applying microfluidic chip oo Positive
technology. It autonomously, equally, and accurately ["f:”enza': — fluenze ’Z(H"m"’dmoi .
dispenses samples and reagent into an array of reaction
chambers simply by introducing the liquid, a mixture of an i S e e » ® ® B
extremely small amount of sample extracted from the ﬁ ._ m ‘D
analytes and a reagent, into the diagnostic — ER——, S — o

device. By heating the device in warm water (at 60 to

65°C, for 30 minutes to an hour or SO), it is capable of Results of multiplexed rapid diagnosis of infectious diseases. The reaction
achieving simultaneous diagnoses of multiple types of chamber corresponding to the targeted virus changed color from purple to
virusels )vvith only one operation (one work process per sky blue, which was diagnosed as positive.

sample).

The genetic diagnosis result shown in the figure indicates that four types of infectious diseases including the COVID-19
(seasonal influenza A, SARS, and influenza HTN1 pdm09) have been successfully detected with this diagnosis device. Only
the reaction chamber that reacted when a sample containing the gene of each virus was introduced turned sky blue
(denoting a positive reaction) after 30 minutes, which means that visual detection is possible.

In addition, to support on-site diagnoses, the
team has developed a smartphone app,
which automatically diagnoses the reaction
as positive or negative based on
photographs taken with a smartphone
camera, jointly with OptTech LLC.

oo @O0ptTech
Dacumaent writton with 1D 165750

N
Daocument written with 1D: 165753

(Toyohashi, Aichi; founded by a graduate 247173y hu—n | Negative control
from the university). As shown in the figure, = COVID-19 | coviD-19
the diagnosis device is capable of producin | SARS I SARS

g . P i P X g Al 7z of Influenza A
an easy automatic test result diagnosis HIN1 pdm09 814 > 7 10 = 3 | A(HINT) pdm09

(positive or negative), by placing the device
after LAMP reaction in a simple LED Simple LED illumination equipment and diagnosis screen on the
illumination device and taking photographs smartphone app. The second reaction chamber was diagnosed as positive
with a smartphone. As a result, it is expected for the COVID-19 disease.

that anyone will be able to easily perform the
test, anywhere and at any time.

Note: The LAMP method is a loop-mediated isothermal amplification method developed by Eiken Chemical Co., Ltd. (https:/www.eiken.co.jp/ ). Four
to six types of primers are set for six to eight areas of a targeted gene to amplify the gene at a constant temperature (60 to 65°C) through strand
displacement reaction.

In the future, aiming to commercialize the diagnosis device, the research team will develop devices capable of multiplexed rapid
diagnosis of variants of the COVID-19 and human infectious diseases for a safe life during and after the COVID-19 pandemic. To
provide technologies that contribute to food safety and security, it will aim to realize multiple simultaneous diagnoses of food
allergic substances (seven specific raw materials: wheat, soba, peanut, egg, milk, shrimp, and crab) and food poisonous fungi
(e.g. salmonella and 0-157).

This research was partially supported by the Japan Agency for Medical Research and Development (AMED) under Grant Number
JP20he0622021 (Development of pTAS-based device for rapid detection of SARS-CoV-2; representative: Professor Hirotaka
Kanuka). We express our cordial gratitude for the support.
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Walking in a 360° video with foot vibrations for seated observers

Walking sensations and ground-material perceptions are enhanced by scene-congruent
vibrations

Junya Nakamura

ol

Walking is a basic human activity that improves human physical and mental health. However, physical disabilities and
the COVID-19 pandemic have discouraged people from walking outside. To remove these limitations, a research team at
Toyohashi University of Technology in collaboration with researchers at the University of Tokyo, has developed a virtual
walking system for seated observers with 360° video and scene-congruent foot vibrations. The timing of foot vibrations
was automatically calculated from the 360° video. They found that rhythmical scene-congruent vibrations improved the
sensation of walking and the perception of ground materials. This system can convert various public and private 360°
videos into realistic virtual walking experiences. This study was published in IEEE Access on 20th December, 2021.

Virtual reality (VR) can provide people with walking disabilities or people during the COVID-19 pandemic with realistic walking
experiences. However, most virtual walking systems use custom content that is made for a specific system.

Researchers at Toyohashi University of Technology and the University of Tokyo have proposed a virtual walking system that
converts 360° videos into virtual walking experiences and provides scene-congruent vibrations on the feet at the appropriate
time.

In the experiments, congruent vibration patterns were
prepared for four ground scenes. The modulation of
walking-related sensations and the perception of ground
materials using congruent and incongruent vibrations was
verified using psychological measurements. They found
that rhythmic foot vibration improved the sensations of
self-movement, walking, leg action, and telepresence
irrespective of scene—vibration congruency. Moreover,
congruent vibrations were better than incongruent
vibrations for walking-related sensations and telepresence
in indoor corridors and snowy ground scenes. The
perception of ground materials was enhanced by scene-
congruent vibrations, whereas it was confused by scene-
incongruent vibrations.

The virtual walking system.

Junya Nakamura, a graduate student and the first author of the article, said, "l came up with the idea of using existing 360°
videos for our virtual walking system, which could provide a variety of travel experiences to people at home. So, | applied visual
SLAM (simultaneous localization and mapping) to videos to estimate the motion trajectories of the viewpoint in the movies,
and generated appropriately timed foot vibrations." Professor Michiteru Kitazaki explained, "Another important point of this
study is that the congruency of foot vibrations with the ground in scenes improves the perception of ground materials and
walking sensations. We can feel soft snowy ground or the hard floor of a corridor. However, we used only four common
scenarios and four prepared vibrations in the experiment. We should develop a method for generating congruent vibration
patterns from any movie in the future.
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Virtual Walking with Omnidirectional Movies and Foot Vibrations:
Scene-Congruent Yibrations Enhance Walking-Related Sensations
and Ground Material Perceptions

Jerya Mokomern |, Yuke Mohiudo 1, Tomching Amemiya 1, Yossnki loed 7, Michitery Kifoaoki !

» 0:00/0:44
Movie demonstrating virtual walking. Scene-congruent and scene-incongruent foot vibrations

(represented as sounds in the movie) were applied to the heels and forefeet of users watching 360°
videos.

The developed system can convert various public and private 360° videos into realistic virtual walking experiences and provide
virtual travel to various locations around the world. It could also contribute to the improvement of the mental health and well-
being of people even people with walking disabilities and people who are unable to walk due to social limitations.

This research was supported in part by JST ERATO (JPMJER1701) to MK, JSPS KAKENHI JP18H04118 to YI, and JP20H04489
to MK.
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Ultra-high-rate plasma coating to improve surface function

Reduces friction and extends product life

Toru Harigai

A Toyohashi University of Technology research team, led by lecturer Toru Harigai, have developed an ultra-high-rate
coating technology for functional hard carbon films using vacuum plasma. Functional hard carbon films with low friction
coefficients are used as protective films with sliding surfaces. This technology has achieved a film deposition rate of
more than one order of magnitude faster than existing coating technologies, while maintaining the same degree of film
quality. The technology—which can be introduced using a unique gas injection method and simple equipment
configuration—can be expected to be applied in improving the functional performance of general-purpose products and
other mass-produced products.

Diamond-like carbon (DLC) is a hard carbon film material with various functions such as high biocompatibility and oxygen
impermeability. It is widely used in sliding parts of tools and automobiles, especially as a functional protective coating material
that protects the surface of the base material while at the same time imparting sliding properties (slipperiness) to the base
material due to its low friction coefficient. This hard carbon film can only be synthesized by vacuum plasma technology. Since
the deposition rate for existing technologies is a few 100 nm/min, there are few advantages in terms of cost effectiveness to
apply to mass-produced products, and they have mainly been applied to high added-value products. Additionally, since there is
essentially a trade-off between the hardness of the film and the deposition rate, the development of technologies that improve
deposition rate while maintaining the hardness (quality) of films is desirable from an applied engineering standpoint.

The research team proposed a unique gas injection method in which two kinds of gas were ejected in a jet shape and mixed in a
vacuum, and achieved ultra-high-rate film formation for hard carbon films exceeding the deposition rate for existing techniques
by more than one order of magnitude, with a plasma deposition device utilizing this gas injection method. By achieving ultra-
high-rate film formation through this gas injection method, the team has removed the need to form a complex discharge
electrode in or around the object being coated, so it can be expected to be used as a highly versatile process that can be applied
to a diverse range of materials and shapes.

Coaxial gas injection plasma jet source. Coaxial gas injection plasma jet source with a circular nozzle for Ar plasma jet
injection with a central CoH, injection nozzle at its center (Left) side view, (right) front view.
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In the initial stages of the research, problems such as carbon film adhesion in unintended places and clogging of the gas exhaust
system due to large amounts of dust occurred due to the generation position and expansion of the plasma, and the desired
results of hard film formation and improved deposition speed were not obtained. By making multiple improvements to the
equipment based on the knowledge obtained through a process of trial and error, ultra-high-rate film formation exceeding a rate
of 2um/min was eventually achieved through plasma generation utilizing the team's unique gas injection method. This
technology is based on the combination of gases and well-known existing techniques for the formation of plasma, which forms
the basis for film formation. In combining these techniques, the team was able to create an environment that is very different
locally from the existing methods. As a result, they could obtain new results that surpassed the need for the trade-off between
film hardness and deposition speed which had previously been considered unavoidable.

The research team plans to expand the size of the high-speed deposition area to improve the practical applications of equipment
utilizing this technology. They believe that coating of cylindrical inner walls and complex structures will eventually become
possible through further research and development. In the future, they hope to achieve the widespread adoption of this new
coating technology. In doing so, they hope to contribute to the creation of a society capable of sustainable development, by
improving energy consumption through the application of the superior sliding properties of hard carbon films.

This research was conducted with the support of the Osawa Scientific Studies Grants Foundation.
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Toyohashi University of Technology and Nagoya City University Sign an Agreement on Comprehensive Collaboration

1 Toyohashi University of Technology and Nagoya City University Sign an Agreement on
Comprehensive Collaboration

On November 29, 2021, a signing ceremony was held at Nagoya City
University (Sakurayama Campus) to commence comprehensive collaboration
between Toyohashi University of Technology (TUT) and Nagoya City
University (NCU). President Kazuhiko Terashima, President Kenjiro Kori, and
other staff from both universities attended the ceremony and signed the
agreement.

After the signing ceremony, a symposium commemorating the conclusion of
the comprehensive collaboration agreement, "New Challenges for
Pharmaceutical and Industrial Collaboration," was held at the university, with
about 70 public and university staff attending.

At this symposium, Professor Shigeki Nakauchi of the Department of
Computer Science and Engineering gave a lecture entitled "Human
Understanding in the Age of Artificial Intelligence," and Associate Professor
Rika Numano of the Department of Applied chemistry and Life Science gave
a lecture entitled "Safe iPS Cells Made with Numbing Electricity.

From left, President Kori (NCU) and President
Terashima (TUT).

Following the lecture, a panel discussion entitled "How Collaboration between
TUT and NCU can Change the Future of the Pharmaceutical and Engineering
Fields". Speaking on behalf of TUT at this lively gathering were Professor
Kazutaka Shibatomi of the Electronics-Inspired Interdisciplinary Research
Institute (EIIRIS), Associate Professor Takeshi Kawano of the Department of
Electrical and Electronic Information Engineering, and Associate Professor
Moeto Nagai of the Department of Mechanical Engineering.

Hioh Wi K

Nageya Cily Universily

By the terms of this agreement, TUT and NCU will promote collaboration
focusing on each university's areas of specialization; robotics, sensing, 10T,
and Al for TUT and medicine and pharmaceuticals for NCU. Both universities
will welcome visiting faculty members to promote joint research that fuses
different fields. In addition, they will also collaborate in education, including the mutual dispatch of faculty members to
lecture courses at graduate schools. The project also includes making use of TUT's robot technology in medical facilities
such as the Nagoya City University Hospital. It is expected that through this initiative, outstanding research results and
education will be produced.

(Job titles correct at point of publication)

Professor Nakauchi gave a talk at the
symposium
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