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Enabling disease diagnosis and viral detection with ultra-
sensitive microsensors

Kazuhiro Takahashi

Professor Kazuhiro Takahashi is working on the development of ultra-compact biosensors that can be used to diagnose
diseases, and more. What makes these sensors special is the use of optical interference to measure mechanical
changes that occur when the substance to be measured is absorbed onto a suspended thin film on a microchip. The
sensors will enable cancer screening, virus detection, and other functions to be performed by the compact device with a
high level of sensitivity as well as with ease. In addition, Professor Takahashi is seeking to apply this mechanism to the
development of devices that can detect virus particles in the air.

Interview and report by Madoka Tainaka

I Microchips play a useful role in biomarker testing and beyond

In recent years, disease-specific proteins (biomarkers) in the
blood, such as prostate-specific antigen (PSA) and
carcinoembryonic antigen (CEA), have been measured during
medical checkups and other health exams to help screen for
diseases. Since biomarkers can be measured from a tiny amount
of blood, they are an extremely useful indicator linked to early
diagnosis and treatment of diseases. Until now, however, it has
been necessary to examine each individual biomarker using bulky
equipment, such as biochemical analyzers, and testing can only be
conducted at certain facilities. By detecting biomarkers with a
microchip, and using a smartphone to carry out the analysis,
Professor Takahashi hopes to enable users to manage their health
at home and elsewhere, at an affordable price.

MEMS-based biosensors fabricated at the LSI factory of Toyohashi

University of Technology.

"We already know about various kinds of disease-specific biomarkers, and research has identified specific proteins involved
in serious cases of COVID-19. If we were able to test for these at home or in a rest home, using our smartphones, it would be
possible to provide priority treatment to patients who have higher values. Since our sensors not only examine blood, but also
saliva, urine, and exhaled breath, I think they can be applied in a wide range of areas, such as health care and prevention of
infectious diseases."
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Professor Takahashi and his team are developing a semiconductor microchip that will unlock the potential of such a visionary
device. Above the chip sits a thin film, engineered to adsorb only the molecule that needs to be measured (modified chemically
to adsorb only a specific substance, such as a receptor), and the device detects the mechanical change that occurs when the
target molecule is adsorbed onto the film. The point is to form the film so that it floats above the substrate of the
semiconductor.

"In other words, there is a tiny gap of less than one micrometer between the semiconductor and the film. Now, for a polymer
film that adsorbs a biomarker, the thickness of the film will be about 100 nanometers. When molecules attach to this film,

since each molecule is electrically charged, the molecules repel each other, and the film naturally expands into a dome shape. In
other words, the film deforms due to the stress caused by the adsorption of molecules. To facilitate this deformation, the film
must be as thin as possible, and there needs to be a gap between the semiconductor and the film. Then, by measuring the
degree of deformation, you can determine how much of the target molecule has been adsorbed.

I Enhanced sensitivity through sensing with optical interference

Professor Takahashi is also working on the detection of virus and gas molecules, which are even smaller than biomarkers. What
they are measuring here is the mass of the molecule.

"To measure the molecular mass, voltage is applied to make the film vibrate. The frequency of vibration depends on the
molecular mass: When molecules such as viruses attach to the surface of the film, the mass increases, and the vibration
frequency falls. By measuring this frequency, we can observe how much of the molecule has been absorbed. So in both cases
we are utilizing the functionality of micro-electromechanical systems (MEMS), but we are doing so in two different ways: In one
we observe the deformation of the film due to intermolecular force, and in the other we actively apply a voltage to make the film
vibrate and observe the change in frequency,’ explains Professor Takahashi.

So how do the sensors detect the film deformation or changes in
the vibration? They use the principal of optical interference. The
idea is to measure an optical phenomenon called "Fabry—Pérot
interference", which occurs when a film is illuminated by a
monochromatic light source, such as a red laser. What makes this
research unique is the use of optical interference to detect
biosensors.

"Here too, the gap between the semiconductor and the film is
critical. Because the wavelengths at which the beams of light
reinforce each other change depending on the thickness of the gap
between the semiconductor and the film—the same principle as
Newton’s rings, which we studied in high school physics. In other
words, as molecules are adsorbed and the film expands,
increasing the thickness of the gap, the colors produced when the
light is applied change. This light intensity (change in color) is
detected using a semiconductor—a complementary metal oxide
semiconductor (CMOS)—image sensor."

Motion of a MEMS sensor associated with molecular adsorption
(60x speed). The interaction of adsorbed molecules deforms the

freestanding membrane, resulting in a change of optical

interference.

With CMOS image sensors, which are also used in smartphone cameras, if a different film is prepared for each pixel, a 10-
megapixel CMOS sensor, for example, can in principle detect 10 million different substances. This means that it would also be
possible to view the types of molecules adsorbed onto each film (pixel) as an image.

"The conventional method used for biosensing is to observe reactions in a solution, but since this new method allows you to
observe molecules in the air it is also well suited to downsizing and integration. What's more, the measurements can be done at
a level of sensitivity more than two orders of magnitude higher than other methods," says Professor Takahashi.

He will now work toward commercializing the technology in partnership with industry.

I Detection of viruses in the air

What Professor Takahashi is focusing on right now, however, is the development of an innovative sensor that can detect COVID-
19 particles in the air.
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"PCR testing is designed to show if the subject is infected. Since the reaction is examined in a solution, it takes time for the result
to come through. But what we really need right now is ‘on-the-spot' infection control. So, we've developed a sensor that can
visualize virus particles in the air. The sensor, which tests for the presence of the virus in exhaled breath, could be used to check
whether people are infected upon entering a facility or boarding an airplane, or for screening of high-risk contacts. With sensors
installed at different locations, it would be possible to visualize viral hotspots and use the information to create hazard maps. So,
the technology can be used to visualize risk."

This sensor adopts the same principle as the one introduced above, the main difference being that it uses an ultra-thin film with
a single atomic layer. The film is only 0.34 nanometers thick. The reason for using such a thin film is that if the mass of the film
is closer to that of the molecule to be adsorbed, a larger reaction—a higher level of sensitivity—can be achieved. The research
team has already created a chip, in which graphene film (a sheet of carbon atoms) floats freely from the semiconductor
substrate, which is more sensitive than a conventional silicon-based MEMS sensor.

(Left) Schematic image of receptor-modified freestanding graphene.

(Right) Photograph of a freestanding atomic layer graphene film.

"When a single virus particle—which weighs 100 attograms, or about 10'® grams—attaches to the film, this alone causes the
frequency of vibration to fall by as much as 100 kilohertz. This means that, in principle, the sensor can detect a single virus
particle. But making something this small not easy. In particular, when modifying the antibody molecule on the graphene we
need to perform the process in a solution; but even just adding it to a solution causes it to break. To solve this problem, we
enhanced the strength of the graphene structure by making innovative changes to the structure of the graphene, successfully
modifying the antibody molecule.

"In fact, this sensor was originally developed to detect influenza viruses. In the future, we hope to be able to test for COVID-19
and influenza simultaneously," adds Professor Takahashi.

This is exactly the kind of technology we need today; we look forward to its speedy rollout.

| Reporter's Note

Professor Takahashi explains how in high school he was fascinated by rockets and space development. As a university student,
he stepped unexpectedly from the macro to the micro world.

"It was while | was researching optical switches at graduate school that | learned that Toyohashi University of Technology had a
fully-fledged LSI factory, and | resolved to do research there one day," recalls Professor Takahashi. All the sensors introduced in
this article were developed at the university.

Furthermore, Toyohashi University of Technology has just been selected for the Ministry of Education, Culture, Sports, Science
and Technology’s Initiative to Establish Next-generation Novel Integrated Circuits Centers (X-NICS). We hope that the research of
Professor Takahashi and his team will spark a series of breakthroughs, helping drive the revival of Japan’s semiconductor
industry.
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Researcher Profile

Kazuhiro Takahashi

Kazuhiro Takahashi received PhD degree in 2008 from The University of Tokyo, Tokyo, Japan. He
started his career at Institute of Industrial Science, The University of Tokyo as a postdoc
researcher. Since he started his career at Toyohashi University of Technology as an assistant
professor in 2009, had been involved in the development of CMOS-MEMS sensors and actuators
for optical and biological applications. He is currently a professor at Electronics-Inspired
Interdisciplinary Research Institute (EIIRIS).

| 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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Aiming to improve joint connection technologies for light-weight
and high-strength structures

New design method for fiber reinforced polymer buildings

Yukihiro Matsumoto

A research team (led by Professor Yukihiro Matsumoto) formed as a collaborative project between Toyohashi University
of Technology's Department of Architecture and Civil Engineering of and Electronics-Inspired Interdisciplinary Research
Institute (EIIRIS) proposed and demonstrated a method for improving the dynamic behavior of bolted connections by
using Glass Fiber Reinforced Polymer (GFRP) materials. As pultruded GFRP materials used in construction applications
have reinforced fiber directions aligned along the axis of the member axis, bolted connections are fragile and at a
disadvantage in design. The research team demonstrated that a noticeable increase in bearing strength can be realized
by pasting a thin GFRP plate to the bolted connection. The plate uses a multiaxial base material molded by vacuum-
assisted resin transfer molding which enables high-quality molding,. The research team also demonstrated that this
method could improve the fragile fracture behavior of the joint connections. The results of this study will enable the
design of safer, more secure, and lighter building structures with longer lifespans.

Because of its light weight and high strength, applications for Fiber Reinforced Polymer (FRP) have been increasing, such as its
use in the repair and reinforcement of existing buildings, pedestrian bridges, and floodgates. It is expected that FRP material will
be used in emergency repairs of structures and the structures of new buildings in the future. The pultrusion method, one of the
methods for producing FRP members, can produce long members with ultra-high productivity. It is a commonly used molding
method for FRP architectural members. However, because the pultrusion method generally places many reinforced fibers, which
ensure the strength and stiffness of FRP materials, in the direction of pultrusion (along the longitudinal axis of the member), it is
known to show local damage and brittle fractures around bolt holes when connections are made using bolts, etc. Therefore, care
needs to be taken regarding this fracture behavior.

Therefore, the research team has performed research to minimize the increase in weight and production costs and to improve
the dynamic behavior of bolted connections. They attempted to achieve this by using vacuum-assisted resin transfer molding,
which is used to make parts of ships and blades of wind turbines made of FRP, and by pasting a GFRP plate that is several
millimeters thick and has multiple fiber directions.

By reinforcing the necessary areas with only the necessary amount of
GFRP, they demonstrated in their experiments that the connection
strength of fiber reinforced polymer can be increased significantly
without losing the productivity or light-weight properties of FRP. In
addition, based on the experimental results and existing design
formulas, the research team also proposed design formulas for when
their proposed connection-reinforcing method is used and successfully
provided data that can be applied in design.

Thin GFRP reinforcement
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The research team leader, Professor Yukihiro Matsumoto, said; "As the name suggests, fiber reinforced polymer is a material that
requires the good use of fibers. We have reached this idea by observing the fracture behaviors of connections through previous
experiments and collecting information on various FRP molding methods. Though it is simple, what we needed was only the
pasting of a thin plate to the connection. | am surprised that good effects were observed by carefully considering fiber direction. |
think the useful and general-purpose results were obtained due to the enthusiasm of the Ph.D. students in the determination of
experimental variables and the development of an experiment plan."

Going forward, the research team will demonstrate the effectiveness of their proposed connection method through connection
experiments assuming construction structures as well as experiments and analyses of full-scale specimens and will promote
the development of these reinforced connections, aiming for their applications as a reinforcement method for existing FRP
structures.
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Perception depends on whether you are looking up or down

Discovering that intensity of perceptual bias in specific views varies depending on posture

Fumiaki Sato

A research team led by Fumiaki Sato, a doctoral student at the Department of Computer Science and Engineering,
Toyohashi University of Technology with the support of the Japan Society for the Promotion of Science (JSPS) Research
Fellowship for Young Scientists and professors Shigeki Nakauchi and Tetsuto Minami, discovered that the intensity of
perceptual bias in specific views varies depending on the posture of the neck. This research investigated how changes in
posture have a contextual effect on visual perception. Specifically, the experiment used the Necker cube as a visual
stimulus that would potentially generate two different visual perceptions. In a virtual reality (VR) space, it placed the
stimulus above and below each subject and asked them to report how it appeared in a posture that involved looking up
at the stimulus and in another posture that involved looking down at it. The experiment revealed that the visual
perception of the stimulus varied depending on the viewing posture.

The common belief is that whenever we see something, we perceive the image as cameras do. In fact, our visual perception is
flexible, changing with circumstances and context. One well-known phenomenon is the color contrast effect, or the variation in
how a specific color looks depending on the colors around it. The mechanism behind these shifts in perception is still largely
unknown and investigating it is considered significant to understanding how our visual experience is constructed.

@ (b) The human visual system processes a tremendous volume of
information according to a method that is based on practical
experience acquired through learning. This is called the
heuristic method, and it has been made clear by a study on
the interpretation of ambiguous figures. Take the Necker
cube shown in the figure below for example. It is possible to
perceive this cube in two different ways. Observers are more
likely to recognize it as an image viewed from above than
from below. This tendency in perception is called perceptual
bias. It is understood that this bias arises from the fact that
humans have more experience seeing a cube from above
than from below in everyday life. It is known that the human
visual system is thus susceptible to an experience-based
context. However, it was unknown whether the experiential
context is linked to physical posture.

The Necker cube stimulus
(a) used in the experiment potentially induces the view-from-above

interpretation (left in (b)) and the view-from-below interpretation (right

in (b)).
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To resolve this point, the research team carried out an
experiment using the Necker cube mentioned above to
study changes in probability of perception. Participants
were asked to how the Necker cube looked when it was
placed at each of five different angles, specifically 60°,
30°, 0°,-30° and -60°, in a virtual space. The experiment
was conducted not only under a vertical condition,
defined as moving the neck vertically, but also under a
horizontal condition, defined as moving the neck
horizontally, which were provided as controlled
conditions. It demonstrated that the probability of the
view-from-above (VFA) interpretation is significantly
higher in the state of looking vertically downwards than in
the state of Iooking Upwards- There was no Significant A scene in which a subject observes the stimulus in the virtual reality space
difference observed under the horizontal condition. (The Figure takes the form of a two-dimensional image that depicts a three-

dimensional image. It may look partly distorted in this image.)

Fumiaki Sato, the lead author of the research and a third-year student in the second half of the doctoral course, explains: "In daily
life, there will almost certainly be differences in the frequency with which we view particular objects looking up at them or looking
down at them. For example, we often see the sun, fluorescent lamps and other light sources when looking up. We rarely see
them looking down. Our question was whether the difference in visual experience depending on posture leads to a difference in
visual perception, and our experiment sought to answer this. This study employed a stimulus that would possibly induce two
different visual interpretations despite constant input. This means that the information received on the retina is identical under
any condition. However, the percentage of interpretations did vary depending on the posture. This suggests that the human
visual system uses posture as a factor in determining the perception.”

The research team has demonstrated that the human visual system flexibly modulates observers' perception according to their
posture. This research is expected to help develop a model for the expression of human visual perception. The experiment
measured the pupil diameter, believed to reflect the cognitive factor. Although details are not provided, the results suggest that
the pupil size is closely related to the neck movement in the vertical direction. A future research objective will therefore be to
explore the mechanism behind the links between the perception, the pupil diameter and the posture.

This research benefited from Grant-in-Aid for Scientific Research (B) for Changing the cognitive world using pupil diameter as an
indicator (Grant Number 20H04273) and financial support for a joint research project on Interaction with virtual reality through
pupillometry (Project Number 120219917) under the Bilateral Programs from the Ministry of Education, Culture, Sports, Science
and Technology and the Japan Society for the Promotion of Science (JSPS). The lead author, Fumiaki Sato, also received a
Grant-in-Aid for Scientific Research (Grant Number JP21J12947) from the JSPS.
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Are persistent infections of novel coronavirus the cause of
sequelae in infected hosts?

Systemic infection with compromised immunity deemed risks for persistent infections

Kouji Harada
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A research team, comprised of Associate Professor Tomonari Sumi of the Research Institute for Interdisciplinary
Science at Okayama University and Associate Professor Kouji Harada of the Center for IT-based Education (CITE) at
Toyohashi University of Technology, has developed a mathematical model of the immune response within infected hosts
that considers systemic infection by the novel coronavirus (SARS-CoV-2), and demonstrated by conducting experimental
computer simulations that persistent viral infections within hosts potentially cause long COVID or post-acute sequelae
of COVID-19 (Note 1). The research team has also revealed that the systemic nature of the infection is a factor that
enables persistent infection within infected hosts.

This novel coronavirus continues to mutate into new strains during repeated waves of infection, dimming the prospects to quell
this pandemic. As a result, the number of patients suffering from what has been termed "long COVID" has significantly increased,
and is now deemed a major social issue. However, the mechanism underlying this long COVID has yet to be clarified, with several
different possibilities proposed. One of these is "persistent infection within infected hosts" whereby the virus remains within the
body for a prolonged period after infection. The research team sought to clarify whether such persistent infections within
infected hosts actually occur, and if so, to identify the causative factors.

In order to consider these questions, the research team developed a mathematical model that describes the process of
persistent novel coronavirus infections within infected hosts as a non-linear simultaneous ordinary differential equation, and
conducted simulated viral infection experiments on a computer using models whose parameters had been adjusted based on
clinical data from patients diagnosed with the novel coronavirus. The results clarified that the virus is not completely eliminated
from the body and causes persistent infection, even in the baseline model that produces an average viral load (see the figure
below: Average symptoms). This persistent infection is attributable — in the case of this novel coronavirus, which is systemic —
to the enduring presence of sufficient host cells, such that infection sites can readily be found. Mathematically, a complete cure
— wherein the viral load is reduced to zero - is represented by an unstable equilibrium point, implying that a complete cure is
difficult to achieve.

Next, the research team investigated the influence of age-related immunity levels on disease severity. They demonstrated that
factors known to be common risks associated with aging — namely (1) Decreased activity by antigen-presenting cells, and (2)
Inhibition of interferon signaling by Type I interferon autoantibodies — significantly increased viral production within the body,
leading to severe infections (see the figure below: Severe infection). Conversely, they demonstrated that sufficiently robust
activity by antigen-presenting cells and/or antibody production by plasma cells would result in a complete cure by effectively
ridding the infected host of the virus (see the figure below: Complete cure). Thus, it can be surmised that enhanced immunity is
crucial to avoid persistent infection.
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with "Average symptoms," the viral load [V] tends to retain a finite value rather than decreasing to zero, as the virus is not completely
eradicated from the host. However, "Complete cure" indicates that the virus has effectively been completely eliminated from the infected

host.

In addition, it was reported that the number of dendritic cells (Note 2) remained significantly depressed even some seven
months after onset, regardless of the severity experienced by novel coronavirus patients, but the reason was unclear. This
deficiency in dendritic cells has also been noted in the rare Multisystem Inflammatory Syndrome, which is very similar to
Kawasaki disease, and which very occasionally afflicts children infected with this novel coronavirus. The research team's
experimental computer simulations demonstrated that dendritic cell numbers remained significantly depressed, and failed to
recover even seven months after infection, being consistent with the long-term clinical observations. The main cause is
perceived to be the persistent infection by residual virus within the infected host.

Given that some 540 million people out of the global population of eight billion have been infected so far, it is forecast that long
COVID will become an increasingly critical issue. Thus, it is desirable to consider effective therapies for novel coronavirus
sequelae, bearing in mind the possibility of persistent infection within hosts. This research presents results concerning
unvaccinated people who become infected, but little is known about the effect of vaccination-derived immunological memory on
persistent infections within hosts. Research that utilizes mathematical models based on clinical data should play a critical role in
future in addressing these issues.

This research was made possible by a Grant-in-Aid for Scientific Research (JP20K05431) from the Japan Society for the
Promotion of Science (JSPS).

Explanation of Terms

Note 1: Sequelae of novel coronavirus (Long COVID)

Even after recovering from the novel coronavirus, various symptoms (sequelae) may be observed in some cases, which WHO defines as,

"Symptoms of infection with the novel coronavirus that last a minimum of two months, and cannot be explained by an alternative diagnosis." Reports

indicate that 72.5% of patients complain of some residual symptoms two months after being diagnosed with COVID-19, or one month after discharge
from hospital, and 54% remain afflicted six months after diagnosis or discharge from hospital. Symptoms include coughing, fatigue, diminished sense
of taste and smell, cognitive dysfunction (brain fog), etc., with some patients complaining of multiple symptoms.

Note 2: Dendritic cells

These are some of the body’s innate immune cells, which ingest and digest foreign substances by phagocytosis, and express their markers on the cell
surface to convey data to naive CD4* T cells as "antigen-presenting cells.” Plasmacytoid dendritic cells, a subtype of dendritic cells, secrete copious
amounts of Type | interferon, activating an immune response.
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A higher level of sensitivity and smaller size for diamond
magnetic sensors

Next-generation diamond quantum sensors using nanostructures

Ryota Katsumi

A research team led by Assistant Professor Ryota Katsumi and Professor Takashi Yatsui from Toyohashi University of
Technology's Department of Electrical and Electronic Information Engineering along with Professor Masaki Sekino from
the University of Tokyo's School of Engineering has shown that a structural design using nanostructures can further
enhance the sensitivity of diamond quantum sensors. The results of this research were published in the Japanese
Journal of Applied Physics (JJAP) on July 3, 2022.

Nitrogen-vacancy (NV) centers are point defects that form in diamond and have outstanding optical and spin properties.
Therefore, it is theoretically understood that if collective NV centers in diamond are used as quantum sensors, it may be possible
to achieve high-sensitivity magnetic detection at room temperature. This approach is garnering considerable attention as a
potential next-generation, high-performance magnetic sensor. However, reported problems with quantum sensors based on NV
centers are that they have a lower level of sensitivity than existing sensors, such as superconducting quantum interferometers. If
it is possible to improve the luminescence detection efficiency from NV centers, the magnetic sensitivity can be improved, but
due to diamond fabrication being technically difficult, no design has been made to improve the luminescence extraction
efficiency of the collective NV center.

In this research, we proposed a resonator device structure that enables enhancement of the luminescence intensity of the NV
center and highly efficient luminescence extraction, as shown in the figure, with the aim of achieving a diamond quantum sensor
capable of highly sensitive magnetic detection. Using the same structure allows for the further enhancement of the magnetic
sensitivity of the NV center, which is expected to be dozens of fT/4/Hz. This is equivalent to existing sensors, such as
superconducting quantum interferometers. Furthermore, the device size is small, at only a few ym, allowing for a significant
reduction in the required optical power.
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The research team believes that this design device can be produced using existing diamond fabrication techniques. Ultimately,
the research team believes that this design can be combined with other integration and optical communication technologies to
create the next generation of practical quantum sensors.

The results of this research have been published in the Japanese Journal of Applied Physics (JJAP) on July 3, 2022, an English-
language journal published by the Japan Society of Applied Physics.

This research is supported by the Quantum Leap Flagship Program (Q-LEAR, JPMXS0118067395) of the Ministry of Education,
Culture, Sports, Science and Technology of Japan. It is also supported by Grants-in-Aid for Scientific Research (18H01470,
20H02197, 20H05091, 20K21118, 21K20428, 22H01525, 22K14289).
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Victory for the TUT Robot Contest Club at the 2022 NHK Student Robot Contest!

1 Victory for the TUT Robot Contest Club at the 2022 NHK Student Robot Contest!

On Sunday, June 12, 2022, the 2022 NHK Student Robot Contest
was held at Ota Ward Gymnasium, Tokyo, where teams battled
for the chance to participate in the ABU Asia-Pacific Robocon
(ABU Robocon).

Blessed with fine weather, the competition began with a fair-play
pledge by TOYOHASHI ROBOCONS' team leader, Takumi
Kusuhara.

The TUT Robot Contest Club cruised to victory in the qualifying
league to clinch a spot in the finals, where hard battles were
expected against other strong university teams. But in the
semifinals, we beat Tokyo University of Technology—the top team
in the qualifiers—30-25, and advanced to the final where we
defeated Kanazawa Institute of Technology (according to
tournament rules) with a score of 25-25, winning the contest for
the first time since 2009, 13 years ago.

NHKZ&£O/R122022

~ABUFZFP - XRFORI AR~

On Sunday, August 21, TOYOHASHI ROBOCONS went on to
represent Japan at the ABU Robocon (held online). The matches
took place in the university gymnasium, where many supporters,
including university President Kazuhiko Terashima, were there to
cheer us on. The contest was held between teams from India (2
teams), Nepal, Egypt, Thailand, Cambodia, Malaysia, Fiji, Hong Kong,
China, Mongolia, and Indonesia.

In the qualifiers, our team was placed in Group C, and faced off
against powerful teams from Hong Kong and China. We suffered a
narrow defeat, but still won the Best Engineering Award.

We would like to express our gratitude for the generous support we
received for the NHK Student Robot Contest and ABU Robocon,
through crowdfunding and donations from our Alumni Association
and others.

Next year's ABU Robocon will be hosted by Cambodia.

The ABU Robocon (held online) The TUT Robot Contest Club will continue its efforts, with the goal of
qualifying for, and winning, next year's event.
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