TUTResearch

e-Newsletter from Toyohashi University of Technology

In Pursuit of Robots that Act

Autonomously to Support Humag
Activities

Professor Jun Miura seeks to create service robots that recognize their
surrounding circumstances, allowing them to act autonomously...
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In Pursuit of Robots that Act Autonomously to Support Human
Activities

Jun Miura

Professor Jun Miura (center) and his lab members.

Professor Jun Miura seeks to create service robots that recognize their surrounding circumstances, allowing them to act
autonomously to support people's lives. They are not humanoid robots that walk on two legs, whose development was
led by Japan, nor are they communication robots that talk with a charming voice and have charming facial expressions.
The robot that his research team has so far developed moves on wheels and is not designed for looks. This is the result
of prioritizing the function of autonomous operation in the complexity of the real world. Professor Miura was interviewed
about his research approach and the application of the robot in the agricultural sector.

Interview and report by Madoka Tainaka

1 Combining technologies to improve the performance of the robot

"I believe that it is the eyes that are the most important part of a robot. In other words, the ability to view (recognize) the

surrounding environment. Based on this, the robot should employ its brain to think (plan) about what action to take and move
(control itself). These three steps are the most basic functions that allow the robot to perform different tasks in an environment
where humans live," says Professor Jun Miura.

In the past, Japan led the world in industrial robots and produced the world’s first humanoid and communication robots. Japan
was always ahead of the game in this field. Regrettably however, it must be said that Japan's robot researchers are now
outperformed by overseas competitors. One explanation is that Japan has focused on hardware for control whereas the West, in
particular, developed robots with a focus on the brain of the robot. Specifically, they focused on software for recognition and
planning, or artificial intelligence (Al). In this sense, the professor's research emphasizes recognition. It is cutting-edge research
with the goal of increasing the intelligence of robots.

However, he says that even recognition, which is positioned as the first step, has yet to reach a sufficiently practical level. "Today,

autonomous cars are reaching the commercialization phase. Robots are now capable of moving freely. However, it is still difficult

to ensure their sound operation in an unknown environment. While recognition accuracy surpasses 90% in the research phase,
we will still feel hesitant to immediately introduce autonomous cars in the real world. We will have no choice but to work steadily
combining multiple technologies to improve the entire system with a view toward achieving that remaining 10%."

As a consequence, the robots he designs rely on more than a single eye. In addition to the RGB camera, he is combining multiple
sensors to determine the positional relationship between objects and people from multiple perspectives. These sensors include
a far infrared thermometer for measuring the temperature, a laser distance sensor (with light detection and ranging (LiDAR)
technology) for measuring distances and shapes, and a GPS system for accurately identifying position. In addition, machine
learning and deep learning are used to discover target patterns and features of objects from a large amount of data, and multiple
recognition programs are automatically created and utilized in a combination with them. If the robot still lacks the information it
needs to make a decision, it will act autonomously to actively obtain the information it requires.
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"Several existing technologies are used together to interpret a
complicated physical space. What | think is particularly significant is an
approach called sensor fusion. This means making a comprehensive
judgment based on a massive amount of collected data. We are
combining this with deep learning and other learning algorithms and
active sensing, which is the proactive collection of needed information,
to improve the recognition performance of the entire system and to
create a robot that operates soundly."

.
» 0:00/1:30

A robot which is designed to ask humans when it is unable to
easily make a decision.

I Developing robots that move autonomously

Professor Miura uses the research approach above to develop service robots equipped with sensors for recognizing the
environment surrounding them so that they can autonomously move to escort and accompany human users. For example, the
robots can go shopping together with elderly people. They can guide them to destinations, carry luggage and act as wheelchairs
to bring them back home.

"Robots like these need to accurately recognize the circumstances and operate autonomously. For this purpose, we operate
robots under different assumed conditions for a long time to solve problems one by one."

For instance, his team developed a system that integrated three-dimensional LiIDAR technology with machine learning to
distinguish humans from other objects. In the development process, they paid attention to human traits.

"Take the sensing of a town using LIDAR technology for example. Utility poles look like bars. In contrast, the human silhouette is
characterized by a rather small head, wide shoulders and tapering towards the legs. We then sliced the human data horizontally
in the direction of height, extracted the feature values in each cross-section, and used a machine learning program to
automatically investigate what kind of feature values can be combined to distinguish between people and non-humans. By
applying this learning program, we were able to discriminate people from LiDAR information in real time."

They also invented a robot designed to recognize objects using deep learning in a room with chairs, a desk, a television set,
apples and other items and to pick up and retrieve the item chosen by the user after measuring the distance to the item using
LiDAR technology. They also succeeded in creating a robot with multiple sensors that could follow a specific person without
losing them.

"As | said earlier, the key to our research is sensor fusion. The accuracy of identification of a specific person can be massively
increased by combining multiple factors such as height, color of clothing and the way they walk instead of focusing on a single
factor. That enables the robot to follow the person without missing them in a situation where the image of the person is not very
discernible due to backlighting.”

Furthermore, he and his fellow researchers are working to develop a robot that leverages sensor fusion to draw maps. Itis a
robot that autonomously collects data using LIDAR technology to draw a map of the route that it has traveled. It is effective for
the exploration of unknown places.

"Another advantage of creating a map is that the current whereabouts of the robot can be visually indicated on the map when it
is traveling through a place it has passed through before. We have already created a map of the university campus using three-
dimensional LiIDAR technology. In the future, we will use this technology to create a robot that can move more freely."

1 Introducing robotics to the agricultural sector prior to full-scale application in society

Professor Miura's various research achievements are starting to be applied in the agricultural sector. For example, he is using
deep learning to analyze information collected by robots in horticultural facilities, and is working to predict the cultivation
environment and yield based on this information.

He explains, "One robot has already been commercialized. It completely automates the processes from the sorting to the binding
of perilla leaves. It was released by Sinfonia Technology Co., Ltd. this past spring. It incorporates an image recognition system
based on deep learning to determine the size of leaves and whether they conform to standards. It achieves a level of accuracy
that is comparable with highly skilled workers." However he is also willing to admit that "their applications in society are still
limited."
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A robot which completely automates the processes from the
sorting to the binding of perilla leaves.

To address this issue, he is taking another approach. This is the development of robots that can collaborate with humans.
"One example is a robot we have developed which is designed to ask humans when it is unable to easily make a decision.
When it is ordered to fetch a cup from another room, the robot observes the shapes, colors and materials of multiple cups and
autonomously figures out a question to get an appropriate answer. If there is more than one cup with a similar color and
shape, it will ask the person what material is desired to ensure that it will carry the right cup to them"”

In a sense, it may be seen as a way of using humans as a sensor for collecting data. "We will use anything we can use in order
to somehow create robots that will work in society." His earnest dream is gradually coming closer to reality.

| Reporter's Note

Jun Miura loved railways as a child and chose to study mechanical engineering in university. This was at a time when robot
research was expanding. Gradually, he became interested in intelligent robots. As a graduate student, he studied computer
science.

"After getting a job, | began fully studying image recognition under the guidance of Dr.Yoshiaki Shirai at Osaka University. At
Carnegie Mellon University, | was hugely inspired by Dr.Takeo Kanade and Dr.Katsushi lkeuchi, who are both pioneers in
computer vision. Then, | realized that robots would be meaningless if they did not move," reminisces the professor. He continues,
saying that while moving robots involves far more difficult problems that must be resolved they can do more and support
people’s lives. We hope to see reliable robots like these become a reality.
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Researcher Profile

Jun Miura

Jun Miura received Dr. Eng. degree in Information Engineering from the University of Tokyo in 1989. From
1989 to 2007, he had been with Department of Mechanical Engineering, Osaka University, first as a
Research Associate and later as an Associate Professor. In 2007, he became a Professor of Department of
Computer Science and Engineering, Toyohashi University of Technology.

ain

| 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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llluminating the brain with an ultra-thin, flexible, multipoint

microLED array film

Development of a new optogenetic device that enables simultaneous optical stimulation

at specific/multiple regions in the brain
Hiroto Sekiguchi

Researchers including Associate Professor Hiroto Sekiguchi in the Department of Electrical and Electronic Information
Engineering at Toyohashi University of Technology, Associate Professor Noriaki Ohkawa in the Comprehensive Research
Facilities for Advanced Medical Science at Dokkyo Medical University, and Assistant Professor Izumi Fukunaga in the
Sensory and Behavioural Neuroscience Unit at Okinawa Institute of Science and Technology Graduate University, have
developed a flexible, multipoint microLED array film. The film can be flexibly attached to cover the brain and can
illuminate specific regions of the brain using microLEDs arranged along multiple points.

In recent years, optogenetics™® ) has enabled the manipulation of neural activity by light. This technique requires a light-
emitting device, but until now, there has been no implantable optical device that can be attached to cover the entire
tissue of the brain or other organs, illuminate only the target neurons, and manipulate their activity with light at will.

To implement this device, a thin, lightweight, and flexible body is required. It was thus necessary to establish a
technology to precisely arrange an LED layer a couple of micrometers thick highly on an ultra-thin biocompatible film.
This time the research group has established both (1) a technology to form a hollow structure of microLEDs with high
density and in minute detail, and (2) a high-precision batch transfer technology using a thermal release sheet. With these
technologies, it has also successfully developed an ultra-thin, lightweight multipoint microLED array film that maintains
lighting performance even when the film is bent. The application of the developed device is expected to create a new
area of neuroscience research aimed at comprehensively understanding the brain information that underpins how neural

activity, behaviors, and disorders are linked.

At present, attempts are being made to use light to manipulate the activity of
various functional molecules inside an organism. In particular, optogenetics - a
technique to activate neural activity with light by expressing photosensitive
proteins that react to a specific color of light in neurons - has a high temporal
resolution and has been utilized to elucidate brain function. However, to
comprehensively elucidate the complex neural network created by neurons in
the brain, it is necessary to employ light stimulation that will enable free
manipulation of certain regions of neurons distributed across a wide range of
the brain. The application of conventional optical fibers and microscopes is not
sufficient to illuminate certain or multiple regions at the same time and also
restricts the free movement of animals. Although this meant high hopes for the
application of an implantable LED device, the size of commercial LEDs is as
large as 200 pym with thickness of tens to one hundred micrometers, so that it
cannot cover a wide range of the brain. As such, it was considered unsuitable
as a device to stimulate specific neurons in the regions.

<Fabrication of hollow-structured MicroLED>
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Given this, the research group sought to utilize a flexible film that is thin,
lightweight, and bendable, and took the challenge of fabricating microscopic
and ultra-thin microLEDs less than 100um in size and a couple of micrometers
in thickness and arranging them on multiple points. To achieve this, the group
adopted the anisotropic wet etching method®™°'¢? using potassium hydroxide to
e = 3 selectively remove the bottom LED layer, which led to the formation of a hollow
A Photo of the developed microLED array. Hollow structure of microLEDs that are arranged at high density. Since the LED layer is
S e e el R e R e ekt eienly. — Separated from the substrate by the formation of the hollow structure, only the
ultra-thin microLED array film (Right). LED layer is peeled off in a batch using a thermal release sheet, and the micro-
LEDs are successfully arranged on the film without damaging either the micro-
LEDs or the parylene film "3 By applying this technique, the group has
successfully fabricated a microLED array on the film. This microLED-mounted film maintains its lighting performance even when
being bent. It has also been verified that bright blue light can be obtained and used in actual optogenetic experiments with the
film adhered to the surface of a mouse's brain.

The multipoint microLED film developed through this study has potential broader applications in
neuroscience and will facilitate the control of complex brain activity freely in the spatiotemporal
aspects. The brain has diverse functionalities in various regions and serves to manipulate the
whole body in a complex way. It is anticipated that this technology, when combined with
measuring technology, will create a new area of neuroscience research aimed at comprehensively
understanding the brain information that underpins how neural activities, behaviors, and disorders
are linked. Furthermore, further development of light-sensitive functional molecules in vivo is
expected to lead to the application of phototherapy technology using implanted devices in vivo, in
which drugs can be applied to targeted areas at desired times by irradiating them with light.

The results of this research will be published online at Applied Physics Express on March 18, 2022
(8Bam GMT). In addition, this work was supported by the Precursory Research for Embryonic
Science and Technology Agency (JPMJPR1885) of the Strategic Basic Research Programs in
Japan Science and Technology Agency (JST), under the project title "Innovation of invasive LED
devices for biological optical stimulation” in the research area " Development of optical control

technologies and elucidation of biological mechanisms." Ultra-thin microLED array film
adhered to the mouse's brain.

Lighting LEDs targeting three

points.

Glossary

Note 1: Optogenetics

Optogenetics is a technique to manipulate the activity of target neurons with light. This is achieved by gene transfer technology with which the
illumination of light with specific wavelengths can express proteins that changes their activity. Channelrhodopsin-2, known as a typical protein, can
introduce sodium ions into cells during neural activity when applying blue light and can artificially induce the activity of target neurons.

Note 2: Anisotropic wet etching
Anisotropic wet etching is a technique to selectively dissolve certain crystal orientations of semiconductors using chemicals. In this project,
potassium hydroxide was used to selectively remove a certain crystal orientation of Si substrates.

Note 3: Parylene film
Parylene is the generic term for paraxylene-based polymers and is known as biocompatible material. The ultra-thin film can be formed by vapor
deposition. It is applied as a coating material for biomedical devices such as pacemakers.

I Reference

Hiroto Sekiguchi, Hayate Matsuhira, Ryota Kanda, Shuto Tada, Taiki Kitade, Masataka Tsutsumi, Atsushi Nishikawa, Alexander Loesing, Izumi Fukunaga,
Susumu Setogawa, Noriaki Ohkawa (2022). Adhesionable flexible GaN-based microLED array film to brain surface for in vivo optogenetic stimulation,
Applied Physics Express.

https://doi.org/10.35848/1882-0786/ac5ba3


https://doi.org/10.35848/1882-0786/ac5ba3

[lluminating the brain with an ultra—thin, flexible, multipoint microLED array film | TUT Research No.30, Sep. 2022

FTHITFSNBZR_NA JVOLEDTY LA 185& D « JLLATHE(C RS
BRODISTERT AR AT RS (CEBRET T & BHT LV B EF ) 1 R 2 5
RO EA

EREAMRIFATF BX - BEFRRIFROEOENERE CBIHERAT SREMFRSHIUER X ERESIR. HHERIZEAMAF
FrRZF T EATHOMERFE I -y b Bk REERIES . MEBD LS CRRCMOMIFNTSE. SRICAEE LY IOLEDTR®
REEMIZIE D TRERF TEDILFSTILIT 1 ILLZRFELE L.

IRETE HEEFNFE (X1) ZRALT, EEONEHNSHOHFZEHTDIET, MHERROESZHIEHY 2 ENEJEECRD T
WET ., COFETEAZRITTDIT/NNAINMBECRDEIN, MR EOBBMPAREES LS (CIDTFT. BROMEMIRDA (CH
ZHT, TOEBZBE(CHIF TS IEMEDAHBDNT/\ A R(EHDFERFATLUR,

COTN\ARDERIC(F, BEEBS, ZREEFRFIZEDHIC. ESHUMDLEDEDH . MEDERBESED « LA LICEHEE T
BY BIMOEIINBET U, SERAFRIIL-TE (1) SEEN DM CY -1 IOLEDORZEEE MM T D14l (2) ERIE
> — hOBERAIC K DBEDOBW—IBES IO ZHIIL. B TELS, B TEAZRET OMEMET LRVWSRYJOLEDY
L&D« )LLAERFET D ECHRINLE U, BESNIZT/\AX(E, HRES CTEEER & ORRBMRICET S SNIZMERD
BENRIBHZEEY. UVWHERNZARORBADSANRFENE Y.

WE. ERATE <R IDHEED FOREZ N THEHT DHANEATNE T, ZOHRTE. FEDBDR(CKRITT DREZMS > /OB ZMHHE
HRRCRIRSE D C L THREBZ N TR TE NERFENFEE. HRIDMBENS <. DR CHEIF TERSNTULEY . MR
VEDIEMIDOMETR Y N D — D OTIENMRER(CAF T, BUDLEEE DTS DIFEDHHEHMIZDEMIZE BTE (CHIEI T E D RIBRI KD 5
NTVELZ. UL, ERDIET 7 ) WoREERE AU\ T2 7575 T (JFE DEMITEHOEMIZ R (CRFT 2 (3R TH D . BEITEIHR
DN DOFAERSNTNE Uz, ZDEH. ERTIEBEDAG T EDTEBLEDT/ A RDFEANBFFENTLELIZH. HIRDOLEDDY X
[F200umEREL BEEHTUM~100umERWze. BMOLFHEEED CENTET . BMIEORFRNIHEMIRZ R TE 3T/ X &
LTORAEEREmEEEZSNTVELE,

KIARII—TF, B TR THFRZENTEDITLFSTILIAILLAOFIAZBEIRL. ZDLICHAZIN100pmATF &hE < EE#Hume
12 2WHEED YA VOLEDDE [EcEERAE U, TDEHIC, KEED VD LNERICKDZEAMDTY FTyFUIE (F2) 2BAIZZE
T. LEDETEPZERNCHFEL. BEECARBESNIENY A JOLEDRZEBEZLMA LT L. PEBEDIZAKI(IC K DLEDENEIRN S DB SN
fzsh, BREES — bEAVWT—HETCLEDEDOHZRN L. XA JOLEDBLUEFREE T IILATHD/\UL > T )LL (E3) ODELES5EHEET
BT LI TAILALICRAOOLEDZEI S B ECHINLELR, COREICTOLEDT « JLAGEIF TEXRBENFENSIET D&
12<, RRICYDRDOMRE(CES U THBEFRRCHARERBIVEERANMESND N ERiIenE Uz,

AR CTRIFE SN DIAEER (CEARBEIAZ RN - JOLED D « JL AR, (S K> THFZERN (CEE (CIEMIBREB O ZRIA T 2EDT
Yo SR IRERNENENRRDHMAENZ R DT ETERHICEH DT> bO—/LZE > TWET, SEEHARMEHAEHE 2 T L TRRERM
BRICEITESNIZER CTBDRR EOBENMERZEIET. HTUVVEERIZRRORBEAOERSMIFENET. =50, HEZEDENRK
PIHEED FORRN S S ICED T EICK DT, HZEREI I D EICKD, FEREEOLEBMICIFERIA I TN EBR LN TE D, LR
DIAHT ) A RCKDIEFRMNEISHSND Z EHRFCEFT.

AAFARR (G, 202243H18H (GMT:88F) (C [Applied Physics Express] [CA> S 2B SNE U, Ko, RNAFRE. RIFRAMREEE
(JST) RBREVRNSIATUHEESSE SN [Hantae X H Z X ARz DIIRIERAT ] TATUIEEL IATERRER [ RIBMDIZDDEEER ED
FINARDOEH] (JIPMIPR1885) MB5DXZIBICKDITHNFE LIz,

<FAFEfEER>

1 BEFNFE

BIEFHANCE D TRHEDRRDREH TS EFEENRLT DI/ \UBZRRSE DT LT, o L HiRDEE =X THfl T 3F 5 Thd. RRNRY/N\UBEE
ULTHIBNZF v RIVORTS 2203, BEODKICE D THEESROT NUD A A ZMRAICHATE. ABNCENOMEMIROMRENZFRTES.

F2EAMDIY RITyFS Y

(EFERBZAVTHEEFERDOS DRFEA MBI T ZRIRN (AR I DM Th D, AARTIE. KEAEHUDLABRERAND Z & TSIEARDRFEDIGRA M2 RN (CHI
[5Y ghr=i

E3 UL TAILA

INSFSULFRUT—DRIFCoH 0. EREEEMRE LTSNS, REECLORET ST ETIED I A ILLAERRT DT ENTED, R—IA—H—ZhD
EFREREBREEROI—T 1 > IMBNE L TEREN TV,

Researcher Profile

Name Hiroto Sekiguchi

Affiliation Department of Electrical and Electronic Information Engineering
Title Associate Professor

Fields of

Light-Emitting Device / Semiconductor Engineering

Research



https://www.tut.ac.jp/english/schools/faculty/ee/663.html

Model for distinguishing materials like a human being does | TUT Research No.30, Sep. 2022

Model for distinguishing materials like a human being does

Is this material reflective or transparent?

Hideki Tamura

A research team including Hideki Tamura, an assistant professor in the Cognitive Neurotechnology Unit of Toyohashi
University of Technology's Department of Computer Science and Engineering and Justus Liebig University Giessen's
Faculty of Psychology has proposed a model that makes it possible to distinguish materials using computer imaging
based on judgment criteria similar to the criteria used by humans. This research used two different types of material to
be distinguished: a reflective material that reflects its surroundings like a mirror or metal surface, and a transparent
material that allows the view of its surroundings to pass through it like glass or ice. The research suggested that
humans use the existence of imagery clues when distinguishing between these different materials. The results of the
research may have applications in imaging technologies for the accurate depiction of textures at low cost.

Humans have the ability to sense texture in order to estimate the conditions of a surface or the quality of a material. This enables
us to sense rich texture from, for example, the beautiful glitter of a precious metal or the colored, translucent line of light from a
jewel. Throughout history, humans have always prized high quality textures and the intricate reflections and transmissions of
light on the surfaces of objects. Against this backdrop, the effort to understand the human brain's processing of texture sensing
has actively been conducted across various academic fields such as engineering, psychology and neuroscience.

A reflective material like a mirror or polished metal has specular reflections on its surface. Transparent materials like glass or ice
allow light to pass through and light refracts inside them. For these two types of material, the image visible on the surface of the
material may change in significant and complicated ways depending on the material's surroundings. Therefore, there are
countless possible permutations, and it has been largely unclear how humans distinguish between them.

This led the research team to conduct psychophysical tests to discover how accurately
humans distinguish between reflective and transparent materials. The team also
verified how accurate convolutional neural networks (CNNs) could be when making the
same distinction. The test showed that a human being could distinguish between
reflective and transparent materials at 78% accuracy while the CNN could make the
same distinction at 94% accuracy, which is considerably more accurate than humans.

From these results, we can see that the CNN's accuracy is great enough to create
potential for industrial applications where it may replace human observers. However,
the question we really want to solve is, "How do humans distinguish between the two
different types of material?" The research team concluded that it would be hard to
outperform humans in identifying the image clues that humans perceive from the
structure or behavior of a model.

Therefore, we tuned the CNN not only to answer correctly as humans do, but also to
dare to "make mistakes as humans do," and verified what is used as a cue based on
the structure of the model and its similarity to humans. The results showed that a
relatively shallow model with three layers of CNN convolution structure was the most
similar to that of humans, suggesting that the model may use image changes that
appear on the top of the object as a cue. These findings support the insights into
human texture sensing reported in previous studies.

Examples of reflective and permeable

materials. A reflective material (mirror, left)
and a permeable (glass, right).
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This research became the first to successfully structure a model that enables image computing and distinguishes between
reflective and transparent materials while imitating a human being’s correct and incorrect answers. Applying this model may
make it possible to distinguish between materials and reproduce textures based on summarized data without having to use all of
the data in an image. In other words, we can expect that there will be applications for this model in technologies achieving the
highly accurate reproduction of textures at low cost.
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Universality observed in preference for color composition in
paintings

Color compositions that artists find beautiful are also beautiful to the viewer

Shigeki Nakauchi

Professor Shigeki Nakauchi's research team at Toyohashi University of Technology worked with researchers from the
University of Minho (Braga, Portugal) to examine preferences for color composition of Japanese and Western paintings
among Japanese and Portuguese subjects through experiments using the original paintings and fake versions with
artificially altered color compositions. The results showed that many people preferred the color scheme of the original
painting even if they had never seen it before, regardless of nationality, whether the painting was Japanese or Western,
figurative or abstract, and that this tendency was also observed for images created by assembling several different
paintings in a patchwork fashion. The universality in preference for color composition in paintings found in this study
suggests that the "beauty" we perceive in paintings may have a common biological basis, which goes beyond cultural
background or educational experience.

Color is one of the visual elements that has the most influence on personal preference. For example, it has a major influence on
a person's decision-making process when selecting clothing or imagining a company's character from the company's logo.
Product designers are well aware of the effect color has on consumer behavior and work to maximize its effect. There are even
professional organizations that predict color trends.

The importance of color is no less significant with paintings. Artists attempt to express their personal aesthetic experience
unless there is a commercial reason to do otherwise. As a result, it can be said that the color composition of paintings simply
reflects the artist's sensibilities and preferences for color. Ample research has been conducted on color preference, but
preferences vary widely among individuals, and most studies have focused on a single color. For this reason there has been little
progress in gaining a scientific understanding of preferences for a balance or harmony of many colors (color composition) such
as is found in paintings.

To clarify preferences for color composition in paintings, this study rotated the hue of each pixel counterclockwise around the
average color, so that only the colors were changed while the spatial composition and lightness of the paintings remained the
same (Figure 1). Although the interrelationships among the colors in the painting and the average vividness of the colors remain
unchanged from the original, the impression of the color scheme of the painting is markedly altered by such manipulations. We
prepared images by rotating the color hue by 90, 180, and 270 degrees counterclockwise, and alongside the original, asked
participants which of the four had the most pleasing color composition (four-alternative forced choice). For the experiment, 40
paintings were prepared, of which 20 were Western and Japanese paintings photographed in Portugal and Japan (Toyohashi
City Museum of Art and History) and the remaining 20 were taken from art galleries on the internet. 90 people from Japan and
45 people from Portugal participated in the experiment. Participants had not received any special education in art.

From the results of the experiment, we discovered that around 70% of both Japanese and Portuguese participants preferred the
color composition of the original painting the most, even for paintings that they had never seen before (dropping to 25% when
they chose at random). This trend was the same for abstract painting depicted without objects associated with a specific color,
for example the sky or human faces.
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Original 90 deg 180 deg 270 deg
o - - -

Occidental
(abstractive)

Top: Masayoshi Makamura "Hana,” late twenfieth century; Bottom:Amadeo de Souza-Cardoso “Bruf (300 TSF) 27 (1917)

Figure 1: Manipulation of color composition in paintings through color hue rotation

The color hue was rotated counterclockwise around the average color without altering spatial composition or
lightness. The impression of the color composition in the paintings was greatly altered, while the lightness,
average color, and the relationship between colors remained unchanged. Around 70% of the participants

preferred the original painting the most, even for paintings that they had never seen before. Top: Masayoshi
Nakamura "Hana," late twentieth century, housed at the Toyohashi City Museum of Art and History; Bottom:
Amadeo de Souza-Cardoso "Brut (300 TSF) 2", 1917, public domain, source: WikiArt ( 5)

Similar experiments were also conducted on images created by dividing a painting into smaller pieces and shuffling the positions
of the pieces so that it was difficult to determine what was depicted in the painting, as shown in Figure 2, and on images created
by assembling portions of 20 paintings together like a patchwork. We discovered that about 60% of participants favored the
scrambled painting of the original painting or the color composition of the patchwork painting of original paintings the most.

Painting divided into pieces and spatially scrambled.

= = A

Patchwork generated from different 20 paintings

Figure 2: Spatial composition of the painting was scrambled to make what was painted difficult to distinguish
We examined preferences for color composition of paintings where the original painting was divided into pieces

which were scrambled, as well as for a patchwork image made from pieces of 20 different paintings, and carried

out the same experiment. We discovered that about 60% of participants favored non-rotated color compositions
the most.

These results indicate the following:

1. The color compositions that the participants chose according to their own preferences matched those of the painters' drawings,
suggesting that the painters and the general public share a certain level of standards for the attractiveness or beauty of color
schemes, despite differences in art education and cultural backgrounds.

2. The fact that the original painting is still preferred even after shuffling indicates that some information indicating the originality of

the painting exists in the color composition itself, rather than the memory color being a clue, such as the depiction of objects that
remind us of a particular color.

3. The fact that the original color scheme was preferred over the patchwork of original paintings suggests that paintings by
completely different artists have some common features, and that there is a biological mechanism by which both painters and
observers perceive them as beautiful (attractive), whether they are aware of it or not.


http://wikiart.org/
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The research team believes that everyone has a mechanism for perceiving the attractiveness and beauty of color
compositions, and that these characteristics may be surprisingly common to all people. By clarifying the mechanisms behind
such decisions, we hope to answer questions such as what factors influence beauty, which is considered to be an extremely
personal and subjective entity, and why humans are equipped with the mechanisms to perceive beauty in the first place.

Measurements of Japanese paintings were carried out in cooperation with the Toyohashi City Museum of Art and History. This
research received the following support: JSPS KAKENHI Grant Number JPT9H01119 and 20H05956 and the Portuguese
Foundation for Science and Technology (FCT) in the framework of the Strategic Funding.
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A case of internal observation using X-ray CT, aiming to discover
the vibration damping mechanism

Towards the development of next-generation functional rubber materials

Masami Matsubara

A research team led by Professor Nobuyoshi Tsujiuchi and Professor Akihito Ito of the Faculty of Science and
Technology, Doshisha University, and Dr. Asahiro Hase (currently at the National Institute of Advanced Industrial Science
and Technology) of the Department of Mechanical Engineering, Toyohashi University of Technology and Hyogo
Prefectural Industrial Technology Center, has used synchrotron radiation X-ray CT to reveal that the improved vibration
damping of rubber materials due to the composite of fine particles is related to the deformation behavior of
microstructure. They discovered that performing deformation evaluations at the macroscale (in the order of mm) and at
the microscale (space resolution when using the X-ray CT: 500nm) at the same time can obtain the internal nonuniform
deformation of a material in the scale of tens of mm. The results of the research were released online on May 9, 2022 in
Polymer Testing.

https://www.sciencedirect.com/science/article/pii/S01429418220014900

For machine structures, it is vitally necessary that vibrations and noises be appropriately controlled to ensure performance and
safe operation. There are many cases where design limits and operating limits are determined by damping properties, which
control the amount of vibration. Generally, energy loss caused by the deformation of rubber (a determination factor in vibration
damping) is described as a loss caused by the change of the arrangement of the filler particles blended into the polymer (pain
effect). As an experimental rule of macro mechanical properties, it is believed that its main control factors are the diffusion,
interface and orientation of the filler. However, technologies predicting damping properties based on these main control factors
have not yet been established. One of the reasons for this is the difficulty of observing three-dimensional structures.

Transmission electron microtomography (TEMT) and X-ray Computed Tomography are methods of observing the three-
dimensional structure of a high polymer material. TEMT requires the thickness of a specimen to be several hundreds of nm, and
one problem with it is that it tends to generate artifacts (false images). It is difficult to obtain image contrast in X-ray CT, and
there are fewer cases of application for polymer materials when compared to TEMT. Furthermore, when examining rubber
materials, another problem of X-ray CT is that the sample's physical properties change due to a curing reaction caused by
exposure to X-ray radiation. Because the sensitivity of image sensors and high-speed radiographic technologies have improved
gradually in recent years, it is now possible to obtain CT images with contrast with only short-term X-ray radiation exposure.

Therefore, the research team used a synchrotron radiation facility to perform micro X-ray CT of fine particle-filled rubber
materials in a tiny deformation field. They developed a compact tensile tester that can be mounted on X-ray CT machines and
also evaluated deformation behavior at the macroscale using the tensile test. Based on the evaluation result at the macroscale,
they discovered that in the deformation area that can be judged as an elastic deformation area, deformation at the microscale
became nonuniform according to the amount of change.


https://www.sciencedirect.com/science/article/pii/S0142941822001490
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In the vibration field, the damping property is a parameter that is Strain at the macro-scale ~ Strain at the micro-scale
observed under dynamic conditions. On the other hand, from the
viewpoint of material development, the damping property should
be determined at the time when the structure is determined.
Therefore, we attempted measurement using micro X-ray CT with
the expectation that some difference would appear even in static
deformation.
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Currently, the research team is attempting to perform dynamic X-
ray CT. They expect this to clarify the deformation behavior of the
internal structure at the mesoscale and the relationship between
the control factors associated with a filler and its damping
properties.
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Strain evaluation at the multiscale. It is observed that while
natural rubber only (NR only) deforms uniformly, rubber with

filling fiber(With fiber) deforms nonuniformly.
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I Integrated Green-niX Consortium for Research and Human-Resource Development,
formed out of a partnership of three universities, approved by Ministry of Education,
Culture, Sports, Science and Technology as a next-generation X-NICS

Tokyo Institute of Technology, Toyohashi University of Technology and
Hiroshima University jointly announced the creation of the Integrated Green-niX
Consortium for Research and Human-Resource Development with the goal of
reviving Japan's semiconductor industry. The new institute was recognized by
the Ministry of Education, Culture, Sports, Science and Technology (MEXT) as
being a part of the MEXT Initiative to Establish Next-Generation Novel
Integrated Circuits Centers (X-NICS) , which was announced on April 12, 2022.
Tokyo Institute of Technology serves as the representative institution for this
project while Toyohashi University of Technology and Hiroshima University are
the core institutions. Together, we will collaborate on integrated research as
well as the development of innovative semiconductor integrated circuits and
the human resources to manage the project.

Integrated Green-niX has been defined as a key area to focus on for the (EIIRIS)
integrated research and development of semiconductor integrated circuits.
Aiming to revolutionize the creation of green markets, research into materials,
devices, circuits, systematization and other aspects will be conducted from the additional perspective of evaluating their
environmental impact. This approach is considered indispensable for new products and services to achieve reduced power
consumption and a reduced carbon footprint. This is then combined with integration technologies to achieve new value creation.
At this research institute, the three universities will do their utmost to prove that Green-niX can accomplish a large-scale game
change in the market.

Not forgetting the importance of developing human resources, the universities are planning to systematically collaborate with
other universities, educational institutions, research institutions and businesses that use the facility. In this way they hope to train
a significant number of large scale integration (LSI) innovators capable of providing broad-ranging leadership of integrated
Green-niX at universities, colleges of technology and businesses.
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