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Utilizing FRPs in the construction and reinforcement of buildings
and bridges

Yukihiro Matsumoto

Professor Yukihiro Matsumoto conducts research on fiber-reinforced plastics (FRPs), which are produced by moding
carbon or glass fibers with resin. FRPs are lightweight and durable and have a high degree of freedom in their shape.
They are widely used in airplanes and automobiles. Professor Matsumoto is exploring methodologies for utilizing the
properties of FRPs in the construction and reinforcement of civil engineering structures such as buildings and bridges.
What are the benefits of using FRPs as a material for construction and civil engineering?

Interview and report by Madoka Tainaka

1 FRPs exhibit both lightness and strength

FRPs were developed in the early 20th century and used partly as a structural material in lifeboats and fighter jets during
wartime. At present, they are indispensable in manufacturing automobiles and in other aspects of our lives. However, in the late
20th century, FRPs started gaining attention as a material for building and civil engineering materials. Professor Matsumoto
offers the following explanation as his reason behind researching FRPs, which are an uncommon material for construction and
civil engineering.

"All materials have advantages and disadvantages, but the biggest advantage of FRPs is their lightness and strength.
Furthermore, the main materials of FRP are originally fibers; therefore, they resemble a cloth before being molded with resin,
giving them a very high degree of freedom in shape. Another advantage is that they do not corrode as steel does. Although FRPs
have not yet become widespread in construction, | believe their unique features can be utilized in many situations."

The biggest significant disadvantage of using FRPs is that we do not yet fully understand these materials or the best way to
design and use them. Professor Matsumoto indicates that applications of these materials in construction are not suitable for
mass production, unlike with automobiles for example. In addition, we need to learn how to use the material characteristics to
achieve maximum strength, which is all important for construction.

"FRPs are materials with variable qualities, and their strength changes depending on the direction of the fibers. The structural
property of FRPs has two aspects. The tensile strength, which indicates if the material will tear when pulled, is undoubtedly
stronger than that of steel. However, the rigidity, which indicates the extent of deformity when force is applied, is sometimes less
than half that of steel. Certain buildings in the world, even in Japan, are made entirely from FRPs. However, realistically, instead
of using only FRPs, | think combining them with steel, concrete, and other materials and finding the appropriate material and
place to use them will be wiser."
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I Utilization for seismic reinforcement of joints and steel materials

Professor Matsumoto discusses the reinforcement of steel materials and their joints with carbon-fiber-reinforced plastics
(CFRPs) as an example of the combination of FRPs and other materials.

"As you may have seen the brace members in factories, L-shaped components, known as angle irons, are installed diagonally and
fastened with bolts to form part of the structure. However, with buildings that were built per old structural design standards, the
force and strain of an earthquake on the building can weaken the strength of the bolt holes which will likely cause structural
failure. To address this issue, various solutions have been developed and put into practical use, such as reinforcement through
welding and additional bolts. However, in reality, limited progress has been made in reinforcement work because of issues at
some factories, such as a reluctance to weld due to the risk of sparks, or an inability to shut down for several days for
reinforcement work. Therefore, we developed a simple method for affixing the carbon fiber over the bolt, injecting it with resin,
and hardening it while it adheres."

According to Professor Matsumoto, the advantage of this
method is that no large-scale preparation is required, and there is
no need to build scaffolding or carry heavy steel plates. "When
we conducted the experiment in several locations, students were
able to complete the task in approximately two hours using only
a four-legged scaffolding stepladder." As mentioned earlier, FRPs
can be wrapped around the shape of an object; therefore, they
can be f exibly adapted on-site.

Work at university laboratory by students.

Professor Matsumoto also believes that there is considerable potential for increasing the all important strength of the material.
"In the experiments, we deformed the structure horizontally to simulate the horizontal shaking of an earthquake, but the bolt
joints did not break even after moving about 120 mm. Without reinforcement, it would have broken at approximately 30 mm and
lost its supporting power immediately. However, if reinforced with FRPs, it will continue to maintain its strength up to an extent
even after 120 mm, and will not suddenly collapse. This toughness is not due to the strength of the carbon fibers but rather an
inherent property of steel. In other words, supplementing the structure with FRPs at its weak points allows us to make the most
of the inherent qualities of steel"

I Understanding how to get the best out of the variable qualities of FRPs

Owing to their low weight, GFRP bridges using glass fibers have already been developed as pedestrian bridges. Professor
Matsumoto however, advises caution when using these "quirky materials”.

"In regular FRPs, most of the fibers are in the vertical
direction (longitudinal direction). However, if a hole is
made perpendicular to the fiber and hooked to a
bolt, then that part may act as a trigger and cause
the bolt to slide out. In other words, the weakness of
FRP is that if used incorrectly, it loses its strength.
Therefore, we proposed a method for increasing the
strength by tilting the fibers at a 45° angle."

Compression tests of structural pipe member
without strengthening (left) and with unbonded CFRP strengthening (right).
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However, if special FRPs with tilted fibers are used in all locations, then productivity will drop and the unit cost of materials will
substantially increase. Therefore, to maximize performance, Professor Matsumoto proposed a method for attaching the
diagonal-fiber-containing materials only around the bolts.

"Simply affixing FRPs with 0.5-mm-thick fibers diagonally on both sides of a 6-mm-thick regular FRP more than doubles the yield
strength. Moreover, even if the structure is broken by an unexpected force, it will not suddenly lose its strength and the diagonal
fibers will not fall apart. | think that FRPs can be used most advantageously in situations that make the most of their low weight
and strength, such as in seaside pedestrian bridges, which are susceptible to corrosion, bridges in locations where temporary
construction using heavy machinery is difficult, and temporary bridges erected during a disaster."

I Developing a simple method that does not require adhesives

When reinforcing with FRPs, another drawback is affixing the fibers with adhesives. The performance of FRPs deteriorates if the
adhesive peels off. Professor Matsumoto was working on the use of optical fiber sensors for detecting signs of adhesive peeling.
However, he realized that there was no need to worry about the adhesives peeling off if no adheres were used. Therefore, he is
currently investigating a method for maximizing the material performance without using adhesives.

"Roofs can be made of slender steel pipes, such as the steel three-dimensional truss structure (space frame) used for the
festival plaza at the 1970 Osaka Expo. However, if an unexpected force greater than the design force is applied, such a roof
might break. To reinforce it, we developed an extremely simple method of wrapping CFRPs around the center of the steel
material."

The work is remarkably simple: similar to a plaster cast, the CFRP is fitted like a plaster cast to match the shape of the steel.
Furthermore, Professor Matsumoto said that they succeeded in increasing the yield strength of the steel material by 20-30%.
CFRPs are light; therefore, the weight increase can be minimized on the structure.

"Even if a compressive force is applied on the column, the CFRP-reinforced parts will not deform, as opposed to the unreinforced
parts. This procedure involves covering the material with a semicircular pipe-shaped CFRP, which makes working on roofs very
easy. Although the high material costs of the CFRPs themselves are unavoidable, the lightweight nature of these materials
renders additional expenses such as a crane or scaffolding unnecessary, as well as not requiring advanced techniques. Therefore,
overall, CFRPs can be considered to be more efficient and economical than other reinforcement materials. Moreover, Japanese
manufacturers lead the CFRP market as they own the top three carbon fiber manufacturers. Furthermore, | think that the
integration of construction technology with Japan’s material technology is also an advantage.

Seismic reinforcement of factories and buildings built as per old structural design standards is an urgent issue in Japan, a
country prone to major earthquakes. We look forward to the widespread use of the simple seismic reinforcement using FRP
developed by Professor Matsumoto and his team.

I Reporter's Note

Professor Matsumoto says that he loved playing in the garden since he was a child, making all kinds of things with his hands
using garden plants and soil. He wanted to work in building structures; thus, he studied at the Department of Architecture in the
National Institute of Technology, Yonago College, and then progressed to the Toyohashi University of Technology.

"Perhaps because of the thriving automobile industry in the Tokai region, | had many opportunities to work with FRPs at the
university, and | soon became an expert in FRPs." However, surprisingly, he said that this has not always been easy. "Experiments
often fail, and a particularly large obstacle was the adhesive issue with FRPs." He experimented while brainstorming with his
students, and after much struggle, he proposed a method that did not rely on adhesives. Failure is said to be the key to success,
but perhaps the determination shown by Professor Matsumoto was also a key ingredient.
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Researcher Profile

Yukihiro Matsumoto

Yukihiro Matsumoto received PhD degree in 2007 from Toyohashi University of Technology, Aichi, Japan. He
started his career at National Institute of Technology (KOSEN), Yonago College as an assistant. Since he
started his career at Toyohashi University of Technology as an assistant professor in 2009, had been
involved in structural engineering including FRP materials for building and civil structures. He is currently a
professor at Institute for Research on Next-generation Semiconductor and Sensing Science (IRES?).

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 NII
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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Multisensory information detection using multi-channel
electrocorticography film that can be placed over a wide area of
the cerebral cortex

Development of electrocorticography device for simultaneous detection of multi-modality
information in the mouse brain

Hiroto Sekiguchi

B8 5< 3¢

Prof. Hiroto Sekiguchi (Right) and Ryota Kanda (Left)

A research group led by Associate Professor Hiroto Sekiguchi from Toyohashi University's Department of Electrical and
Electronic Information Engineering, along with Assistant Professor Susumu Setogawa and Associate Professor Noriaki
Ohkawa from Dokkyo Medical University's Comprehensive Research Facilities for Advanced Medical Science (Associate
Professor Setogawa is currently a Specially Appointed Assistant Professor at Osaka Metropolitan University), have
developed a flexible electrocorticography (ECoG) (Note1) film for simultaneous detection of multisensory information
(Note2) from multiple regions of the cerebral cortex by placing neural electrodes over a wide area of a mouse brain
surface.

Researchers believe that the human brain achieves cognitive functions such as attention, learning, and memory through
the simultaneous processing and integration of various sensory information across multiple regions of the cortex. In
order to understand the neural information processing mechanisms underlying these cognitive functions, researchers
required a device capable of simultaneously recording neural activity from a wide area of the cerebral cortex in rodents
such as mice and rats, including the temporal region responsible for processing diverse sensory information. However,
the device itself was difficult to install in the temporal region of rodents because it is obstructed by the skull and
surrounding temporal muscles.

Therefore, in order to successfully position an ECoG recording device in the temporal and deep regions of the cerebral
cortex of mice, it was crucial to develop a device and establish a technique which allows recording electrodes to be
placed in the narrow gap between the skull and the surface of the cerebral cortex. Our research group achieved two
significant advancements: (1) Development of a cortical ECoG device composed of an appropriate film capable of both
the flexibility and rigidity to adhere to the brain. (2) Establishment of a surgical technique for effectively attaching the
device to the temporal region of the brain. This measurement technique using a new ECoG measurement device has
achieved a wider range of neural activity measurement than existing measurement techniques, and is expected to lead
to the development of large-scale ECoG research to clarify the mechanisms of interaction between brain regions in the
future.

The results of this research were published online in the scientific journal Molecular Brain on May 3, 2023. This research
was supported by the Japan Science and Technology Agency (JST) Strategic Basic Research Promotion Project
PRESTO (JPMJPR1885), the Casio Science Promotion Foundation, the Toyoaki Scholarship Foundation, the Foundation
of Public Interest of Tatematsu, the Research Foundation for Opto-Science and Technology, the Takeda Science
Foundation, the Naito Foundation, the Astellas Foundation for Research on Metabolic Disorders, and the Tochigi
Industrial Promotion Center (the Grant-in-Aid for World-Class Technological Research and Development).
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PCB The total number of patients related to mental disorders such as
board dementia, schizophrenia, and developmental disorders is on the
rise. One contributing factor to these diseases is impaired
Film cognitive function due to the failure of information integration
device systems in the brain. However, the precise mechanisms by
which the brain integrates diverse sensory information obtained
from various environments are still not fully understood. In order
to deepen our understanding of these information integration
systems, it is necessary to develop biometric techniques to
simultaneously monitor the activities of multiple brain regions
governing diverse sensory information that are distributed
across the cerebral cortex. To understand the mechanisms of
the neural circuits of cognitive functions, neuroscience research
Photo of the developed multichannel electrocorticography device (left). has been conducted in rodents such as mice and rats, where
Schematic diagram of the electrocorticography method for a wide area state-of-the-art tools can be applied, and |arge_sca|e
of the brain using the developed device (right). measurement techniques covering the parietal and temporal
regions of the rodent cerebral cortex have been sought. However,
the conventional microscope-based large-scale calcium imaging
(Note3) and electrophysiological techniques (Note4) for
measurement of brain activity in rodents have been limited to the
parietal area of the rodent head due to the hindrance caused by the thick skull and surrounding temporal muscles.
Therefore,there has been a need to develop a new device that can simultaneously detect multisensory information over a wide
area of the cerebral cortex, including the temporal region, and to develop a technology to install such a device.

Muscle

The research group aimed to realize a multi-channel ECoG
measurement device that could be placed over a wide area of the brain,
and conceived the idea of inserting the device into the narrow gap
between the mouse skull and the dura mater. In order to insert the
device into the narrow site and place it on the brain surface, it was
necessary to maintain both flexible and rigid properties that would
allow it to adhere closely to the brain. The research group successfully
addressed this challenge by selecting the appropriate width and 1
thickness of parylene film (Note5), which serves as the base of the Placement of the developed electrocorticography device on the
device, and by establishing a surgical technique for placing the film in
the temporal region. As a result, the research group was able to
successfully position multi-channel electrodes across a wide area
extending from the somatosensory cortex to the deepest part of the
cerebral cortex, known as the olfactory cortex. Furthermore, by using
an ECoG device equipped with 64-channel recording electrodes, the
group successfully obtained ECoG measurement from a wide area of
the cerebral cortex of awake and anesthetized mice. The research
group also confirmed that the developed device, along with its placement technique, can detect neural responses evoked by both
somatosensory and olfactory stimuli in the same mouse, thereby enabling simultaneous detection of widely distributed
multisensory information in the brain.

mouse brain surface.

Left: Photo of the electrode array placed from the parietal region to
the temporal region (device inserted into an even deeper region of
the cortex).

Right: Photo of the device placed on the brain and brain surface

(white arrow = device, red arrow = device tip).

The multi-channel ECoG device technology developed in this study, which can be applied to a wide area of the mouse brain, is a
new measurement technology that expands the scope of ECoG recording in the cerebral cortex of rodents. Until now, ECoG
measurement from the cortical surface of the temporal region was only possible with humans and monkeys. However, this
innovative technology will enable electrocorticogramn measurement even in mice across a wide range from the parietal region to
the temporal region. There are a variety of animal models of pathological conditions in rodents that have been created using
genetic engineering technology, and the newly developed measurement technology will make it possible to compare human
cases with the results of research on animal models. Further understanding of the mechanisms of the brain system that
integrates diverse information in rodents is expected to lead to the elucidation of pathological mechanisms of human
neurological and psychiatric diseases and the development of new therapeutic techniques.
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Detection of multisensory information from the same mouse using the developed

electrocorticography device.

| Explanation of Terms

Note1: Electrocorticography

A method of measuring neural activity in which part of the skull is surgically removed and a sheet with multiple electrodes is placed on the
surface of the brain in order to electrically measure the activity of the cerebral cortex.

Note 2: Multisensory information
Refers to multiple senses such as somatosensory (touch), visual, olfactory, auditory, and gustatory. The human brain perceives phenomena by
combining these multiple senses.

Note 3: Calcium imaging (method)

A method of obtaining spatiotemporal information of neural activity as image data by converting neural cell activity into fluorescence using
dyes and proteins that emit fluorescence when bound to calcium ions.

Note 4: Electrophysiological technique
A method of recording electrical information (potential/current) of cells by placing glass or metal electrodes on neural cells. Examples include
electroencephalograms, electrocardiograms, and electromyograms.

Note 5: Parylene film

A general term for paraxylylene-based polymers. Known as a biocompatible material. An extremely thin film can be formed using vapor
deposition. Parylene film can be used as a coating material for biomedical devices such as pacemakers.

I Reference

Susumu Setogawa, Ryota Kanda, Shuto Tada, Takuya Hikima, Yoshito Saitoh, Mikiko Ishikawa, Satoshi Nakada, Fumiko Seki, Keigo Hikishima, Hideyuki
Matsumoto, Kenji Mizuseki, Osamu Fukayama, Makoto Osanai, Hiroto Sekiguchi, Noriaki Ohkawa, "A novel micro-ECoG recording method for recording
multisensory neural activity from the parietal to temporal cortices in mice", Molecular Brain, 16, Article number:38(2023).
https://doi.org/10.1186/s13041-023-01019-901
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Concentration of cell membrane components with nanocarbon
materials

Localization of lipid bilayer domain on graphene oxide
Ryugo Tero

"\

A research team from the Department of Applied Chemistry and Life Science at Toyohashi University of Technology
(Professor Ryugo Tero et al.) discovered a phenomenon in which specific lipids are concentrated on graphene oxide in
multi-component lipid bilayers, a model for cell membranes. They also clarified the mechanism by which the
components of "lipid rafts" (where important cell membrane reactions such as neurotransmission and metabolism
occur) gather, owing to the surface characteristics of graphene oxide. This is expected to be useful as a fundamental
technology for the concentration and separation of lipids and membrane proteins in cell membranes, which are
important research targets in the fields of medicine and drug discovery.

All the transportation of substances, information, and energy inside and outside the cell that is necessary for vital activities is
carried out through the cell membrane. These transportations are deeply involved in neurotransmission, metabolism, and viral
infections, making them important research targets in the biology, medicine, and drug-discovery fields. The basic structure of the
cell membrane is a lipid bilayer, in which specific lipids and membrane proteins are assembled through diffusion and
aggregation of molecules within the membrane to control and improve the efficiency of reactions occurring in the cell
membrane. Such regions are called lipid domains, a typical example of which is "lipid raft", which is rich in sphingolipids and
cholesterol. New technologies for controlling and arranging the positions of lipid domains on a solid substrate are demanded for
the biosensing and screening of lipids and membrane proteins.

This research team fabricated an artificial lipid bilayer on a graphene oxide
monolayer deposited on a silicon substrate. They discovered for the first time
that the lipid domains are concentrated on graphene oxide. Graphene oxide
has a structure in which hydrophilic oxygen functional groups are added to
graphene (a monoatomic sheet material of carbon).

In a two-component lipid bilayer consisting of two types of
phosphatidylcholines with different fluidities, the majority of the low-fluidity
gel phase domains in the lipid bilayer membrane gathered on the graphene
oxide. In a three-component mixed lipid bilayer membrane of sphingolipids,
cholesterols, and phosphatidylcholine, many lipid raft components were
present on the graphene oxide.

Professor Ryugo Tero, the leader of the research team, explained as follows:
"Regardless of the lipid composition, the less fluid lipid domains clustered on
the graphene oxide. This is due to the presence of a mixture of hydrophilic Graphene oxide Bare silicon substrate
and hydrophobic regions on the graphene oxide surface on a nanometer
scale. The initial process of the domain formation in the lipid bilayer occurred
preferentially in the hydrophobic regions of the graphene oxide."

Localization of lipid domains on graphene oxide.
Atomic force microscope image of the two-component
lipid bilayer formed on the graphene oxide deposited on
a silicon substrate. Gel phase domains are concentrated
on the graphene oxide (left) and are not observed on the

silicon substrate (right). Scalebar: 500 nm.
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By controlling the position of lipid domains on a solid substrate, membrane proteins with high affinity to the lipids can be placed
in the same location, which is expected to be useful as an elemental technology for biosensors and screening technologies
targeting membrane proteins. Furthermore, the research team believes that the same method can be used to collect
biochemically important lipid components such as glycolipids as well as the lipid raft. They expect that this will be useful in the
development of techniques for concentrating and purifying the rare lipids and membrane proteins in cell membranes.
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Diagnosis of voice condition from call audio

Toward the development of a dysarthria diagnostic system in telemedicine

Yuya Hosoda

Assistant Professor Yuya Hosoda of the Center for IT-Based Education (CITE), Toyohashi University of Technology
developed a method for estimating the pitch of vocal cord vibrations of humans from call audio. In this method, the pitch
is estimated by integrating the feature quantities extracted from the amplitude and phase spectra of speech on the
complex plane. Through experiments, we have demonstrated that the proposed method is not only efficient for calls
where the frequency band is restricted by communication standards, but also works robustly in an environment with
background noise.

Early diagnosis of dysarthria, which is an early symptom of neurodegenerative illnesses such as Parkinson's disease, can help to
reduce the severity of such diseases. Dysarthria is characterized by tremors in the voice and disturbed breathing. Although

clinical tests diagnose symptoms from the patient's voice, they are time consuming and labor intensive. Additionally, conducting
face-to-face interviews in remote locations such as mountainous areas is difficult. Therefore, in this research, we aim to develop
a system that automatically diagnoses dysarthria through telemedicine by performing ward rounds via communication devices.

In patients with dysarthria, abnormalities occur during vocalization wherein the voice is produced by vocal cord vibrations
generated by air released from the lungs in the throat and oral cavity. In this study, our purpose is to estimate the vibration period
(pitch) to diagnose the condition of these vocal cord vibrations. Prior to this new technique, pitch measurement methods that
were robust against background noise were devised based on features related to the amplitude spectrum obtained by frequency
analysis of speech. However, due to communication standards, call audio via telemedicine may lack some of the desired
amplitude spectrum. Extracting feature quantities from an amplitude spectrum in such cases can lead to errors in pitch
estimation.

In this research, we propose a method to extract additional feature quantities from the phase spectrum, a by-product of
frequency analysis, in addition to the amplitude spectrum. Deriving a relational equation between the phase shift and pitch in the
time and frequency directions, we have verified that pitch can be estimated by applying the observed phase shift to the

relational equation. Based on this finding, we extracted new feature quantities from the phase spectrum to quantitatively
evaluate the degree of fit to the relational equation. Finally, by integrating the feature quantities extracted from the amplitude
spectrum on the complex plane, we compensated for the lack of feature quantities occurring in the pitch estimation of call audio
while maintaining robustness against background noise.



Diagnosis of voice condition from call audio | TUT Research No.34, Dec. 2023

The figure shows the pitch estimation results for a call audio. In previous
studies that used only the amplitude spectrum, since the amount of
information was reduced by band limitation, the pitch was estimated to be
higher than the original value. However, in the proposed method, the pitch is
accurately estimated from call auwdio using the feature quantities related to the
amplitude and phase spectra. Futther, the gross pitch error (GPE), an
evaluation index that indicates the percentage of segments where errors
occurred, improved to 9.5% in theproposed method, compared to 42.2% in
the previous study. In addition, even for call audio with background noise, this

method achieved a GPE of 15.2% demonstrating robustness. Pitch estimation results for call audio.
The red and white lines indicate the measured and

300

g
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estimated values, respectively.
(a) Prior studies (b) Proposed method

Although this study focused on pitch estimation to detect abnormalities in vocal cord vibrations, respiratory and oral
abnormalities also cause dysarthria. To detect these symptoms, methods that extract feature quantities from the amplitude
spectrum have been devised. However, the use of the phase spectrum has not been sufficiently validated. In the future, we will
work on extracting relevant feature quantities from the phase spectra for the other cases as well. Further, by comprehensively
analyzing these feature quantities, we aim to develop a dysarthria diagnostic system that can function effectively with
telemedicine.
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Creation of training data to estimate the physical state of care
robot users

Creating training data from a human body link model without measurements
Mizuki Takeda

A research team led by Assistant Professor Mizuki Takeda from the Department of Mechanical Engineering, Toyohashi
University of Technology, has developed a technigue to generate training data for robots that operate based on
estimations of the user's state using machine learning. Previously, research a method had been proposed to estimate
the condition of robot users based on machine learning which used candidate points for the position of the center of
gravity. However, for such learning, training data corresponding to when the robot is used to support movements are
required. The above-mentioned research team developed a method of creating training data by using a human body link
model without the need to analyze the movements.

The development of robots supporting frequently performed tasks such as standing up and walking is progressing as elderly
people with weakened muscles often require assistance in their daily lives. In order to reduce the burden on caregivers, robots
must be able to automatically perform supportive actions. To achieve this, it is necessary to estimate the condition of the elderly
person using the robot and provide assistance appropriate to that condition. Currently, the research team has proposed a
method for calculating the candidate positions of the center of gravity of the robot user and estimating their physical state using
machine learning. However, this method requires the acquisition of the user's movements during use of the robot as teacher
data, and in particular, the measurement of data for abnormal conditions (such as when the user is about to fall over while
walking) could be burdensome for the elderly.
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IIIII Knee Knee
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Link model in each state.
The human posture in states such as sitting (left) and leaning forward in a sitting state (right) is

represented by a link model, and candidate positions for center of gravity are calculated to

create training data.
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To solve this problem, the research team developed a method to generate candidate center-of-gravity teacher data without
measuring movements by using a human body link model. The human body link model is a simple model representing the
human body with rigid links and rotating joints. This model can be used to simulate human positions in various states such as
sitting and standing, as well as abnormal states, and in this way generate training data. Experiments have confirmed that the
care robots can learn based on the training data created by this method, estimate the user’s state, and support standing up,
walking, and sitting down actions.

The research team believes that the developed training data creation
method based on the human body link model can be applied to care
robots of various shapes and serving various purposes. Moreover, it
can be applied to industrial and communication robots that rely on
estimating the condition of humans and operating accordingly. In the
future, we aim to realize a more secure and user-friendly system in
which the robot not only operates based on the estimation, but also
provides necessary information to the user so that the human and
robot can communicate well with each other.

» 0:00/0:28

Abnormality detection and standing support.
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Pick Up

I The Robot Contest Club "TOYOHASHI % ROBOCONS" wins ABU Robocon 2023
Championship!

o ABU Rbbocon 2_023

Members of TOYOHASHI¥xROBOCONS in Phnom Penh, Cambodia.

On Sunday August 27t the ABU Asia-Pacific Robot Contest (ABU Robocon) 2023 was held in Phnom Penh, Cambodia.
Toyohashi University of Technology’s Robot Contest Club, TOYOHASHI¥ROBOCONS, represented Japan in the contest, and
came home with the championship title.

The 2023 competition featured a "ring toss game" with the theme of offering flowers to Angkor Wat, which is a UNESCO World
Heritage Site in Cambodia. For their entry, TOYOHASHI¥¥ROBOCONS created two robots (a rabbit and an elephant), which
worked together to toss rings onto a set of poles.

Our university emerged the winner across all the games conducted, and achieved "Chey-Yo" (Victory), which signifies the state of
winning points on all of the eight poles that were set up. This makes it the third time that a Japanese representative has won this
world championship, while being the first victory for our university. The team also received the ABU Robocon Award, given to the
most outstanding robot in the contest.

We would like to thank all those who have supported our team.
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