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Tokai University’s founder, Shigeyoshi Matsumae, grappled with fundamental questions about
life and, inspired by Kanzo Uchimura’s thought and by Denmark’s education-centered
nation-building, resolved to devote himself to education and established the Bosei Academy

(Bosei Gakujuku). Matsumae set forth the following four guiding principles for the academy:

Cultivate your thoughts in your early days.

Nuture your body in your early days.

Develop your intellect in your early days.

Aim your hopes towards the stars in your early days.

These words are a call to strengthen one’s mind, body, and intellect in youth, and to live with
hope held high. Our institution carries on this spirit, nurturing people of talent and character

while striving to build “a harmonious civilized society.”
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Transforming Dreams into Reality

At our Graduate School, we confer the degrees of Doctor of Science and Doctor of Engineering.
We empower our students to create new knowledge, drive innovation, and shape a better future

through their expertise.

With dedicated supervision, advanced facilities, and robust financial support, we are committed
to your academic and career development. Make these three years a defining step toward your
ambitions. Let us help you turn your dreams into reality.

prof. R10 Kita, Ph.D.
Dean, Graduate School of Science and Technology
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List of Graduate Schools and Programs

Tokai University has established 17 graduate schools equipped with cutting-edge
facilities across its campuses nationwide, promoting interdisciplinary research and
education through cross-disciplinary exchange and close collaboration with its 21
affiliated research institutes.

Master’s Program / Doctoral Program (First Stage)

Graduate School of Letters

Course of Civilization Studies
Course of History

Course of Japanese Literature
Course of English Literature

Course of Communications

Master’s
(in Literature)

Course of Tourism m? STtoeur;?sm Studies)
Graduate School of Political Science Course of Political Science ffﬁ;‘;ﬁwl science)
Graduate School of Economics Course of Applied Economics mggg:omi cs)
Graduate Schaol of Law Course of Advanced Legal Studies ”:SL[:';/]S
GroduoteSchool of Human and EnvronmentlSudes~~ Course of Human Environmental Studies ?:Ina Ztre‘rssand Sciences)

Course of Music Master's
e ol A Course of Fine Arts and Design finArt Studies)
Gradust kol of Physical Education |~ Course of Physical Education ff:;‘ﬁ;;ml Education)

Course of Mathematics and Mathematical Sciences
Graduate School of Science Course of Physics F:‘: ss[ceirelrs]ce]

Course of Chemistry

Course of Electrical and Electronic Engineering

Course of Applied Science

Course of Architecture and Civil Engineering Master's

Graduate School of Engineering

Course of Mechanical Engineering
Course of Biomedical Engineering

Course of Information Science and Technology

(in Engineering)

) e ' oo Master's
Godudte Stol of fomaton 1d Tecommuicion ngheeing Course of Information and Telecommunication Engineering [nbfmin e e
o R Master's
Graduate School of Marine Science Course of Oceanography (in Mgrme Science)
Course of Medical Science zl: i}l:[iiscal Science)
Graduate School of Medicine . Master's
Course of Nursing (in Nursing)
Graduate School of Health Sciences Course of Health Management Hna i}igﬁh Management)
. : : Master's
Critraeidl Agrltuhure Course of Agricultural Sciences (in Agriculture)
. " Master's
Gradue Scholof Biology Course of Biology (in Science)

Doctoral Program / Doctoral Program (Second Stage)

Graduate School of Letters

Graduate School of Polifical Science
Graduate School of Economics
Graduate School of Law

Graduate School of Physical Education

Graduate School of Science and Technology

Graduate School of Medicine

Graduate School of Biological Sciences

Research Institutes and Centers

Civilization Laboratory
Ocean Research Laboratory
Integrated Medicinal Laboratory

Advanced Life Science Institute

Educational Development Research Center

Micro/Nano Technology Center

International Nuclear Science Institute

Environmental Sustainability Institute

Hokkaido Area Studies Center

Tokai Institute for Academic Strategy (provisional)

Course of Civilization Studies
Course of History

Course of Japanese Literature
Course of English Literature
Course of Communications

ourse of Political Science

Course of Applied Economics
Course of Advanced Legal Studies

Course of Physical Education

Physical and Mathematical Sciences Course
Information Science and Technology Course

Electrical and Electronic Engineering Course

Course of Life Science and Technology Course

Science and

Technology Materials Science and Chemistry Course

Mechanical Engineering and Aeronautics and Astronautics Course

Architecture and Civil Engineering Course

Marine Science and Technology Course

Doctor of Philosophy
(Ph.D.) in Literature

Doctor of Philosophy
(Ph.D.) in Political Science
Doctor of Philosophy
(Ph.D.) in Economics
Doctor of Philosophy
(Ph.D.)in Law

Doctor of Philosophy

(Ph.D.) in Physical Education

Doctor of Philosophy
(Ph.D.) in Science

Doctor of Philosophy
(Ph.D.) in Engineering

Il Master’s Program / Doctoral Program (First Stage)
I Doctoral Program / Doctoral Program (Second Stage)
I Research Institute

¢ Kumamoto Campus
[ Graduate School of Agriculture

M Graduate School of Science and Technology
[ Graduate School of Biological Sciences

[ Agricultural Research Institute

i &ﬁ@g} 1.

¢ Sapporo Campus
[ Graduate School of Biology

I Hokkaido Area Studies Center

[l Graduate School of Science and Technology ¢
M Graduate School of Biological Sciences

<

Isehara Campus e

[l Graduate School of Engineering
[ Graduate School of Medicine

I Graduate School of Medicine

I Integrated Medicinal Laboratory

3
o

|

M

B Graduate School of Political Science
B Graduate School of Economics

M Graduate School of Political Science
B Graduate School of Economics

¢ Shinagawa Campus

B Graduate School of Information and Telecommunication Studies

M Graduate School of Science and Technology

[ Research and Information Technology Center

Earth and Environmental Science Course

Doctor of Philosophy

Course of Advanced Medical Science (Ph.D.) in Medicine

Bioresource Science Course

Doctor of Philosophy

(Ph.D.) in Science
Course of Doctor of Philosophy
Bioscience (Ph.D.) in Agriculture

Life Science Course
Doctor of Philosophy
(Ph.D.) in Fisheries Science

Research and Information Technology Center
Integrated Social Science Institute
Peace Strategy International Research Institute

Sports Medical Science Institute

o Shonan Campus

I Okinawa Area Studies Center

-
Déx
M Graduate School of Marine Science

M Graduate School of Science and Technology
[l Graduate School of Biological Sciences

[ Ocean Research Laboratory
[ Aquaculture Technology Center

Shizuoka Campus e

Agricultural Research Institute

Aso Kumamoto Rinku Campus e
[l Graduate School of Agriculture

Okinawa Area Studies Center

Institute of Information Science and Engineering (provisional)
Well-Being Institute

Aquaculture Technology Center

Psychological Education Research Center

Creative Science and Technology Research Organization

RBRFARFR BEEBIFMEER Graduate School of Science and Technology, Tokai University

[l Graduate School of Biological Sciences

M Graduate School of Letters M Graduate School of Law
M Graduate School of Human and Environmental Studies

M Graduate School of Arts
B Graduate School of Health Sciences
B Graduate School of Science

M Graduate School of Letters B Graduate School of Law
[ Graduate School of Physical Education

M Graduate School of Science and Technology

[l Graduate School of Biological Sciences

[ Civilization Laboratory

[ Advanced Life Science Institute

I Educational Development Research Center

I Sports Medical Science Institute

[ Creative Science and Technology Research Organization
I Integrated Social Science Institute

[ Peace Strategy International Research Institute

[ Micro/Nano Technology Center

W International Nuclear Science Institute

I Environmental Sustainability Institute

[ Institute of Information Science and Engineering (provisional)
[ Tokai Institute for Academic Strategy (provisional)

I Well-Being Institute

[l Psychological Education Research Center

Graduate School of Science and Technology, Tokai University RBAFKFIR HBEEBITFHAER

[ Graduate School of Engineering

[ Graduate School of Physical Education
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Learning deepens step by step—from fundamentals to application and then creation. Tokai University supports your
growth, from building a broad foundation to developing advanced specialization and pursuing new knowledge.

KEPBe &L ZRTE Graduate school master's program KBt 18 FRZ Graduate school doctoral program

BER I BB FER - Y- HERFEI-X
Department of Mathematics Course of Mathematics and Mathematical Sciences Physical and Mathematical Science
TEHRBEEFR . HRMEH Y E R B (B%) ERIm T 0 — 2
e Department of Mathematical Sciences Graduate School of Science Course of Physics Master’s (in Science) Inormation Science and Technology
School of Science IR fEK E5-EF1—X
Department of Physics Course of Chemistry Electrical and Electronics Engineering
a2t - BRBEFIFER - EHBIH¥I—X Tm
K ) - - . - #t(ES)
epartment of Chemistry Course of Electrical and Electronic Engineering Life Science and Technology Doctor of Philosophy]
VATAY 70 L3 ™ N (Ph.D.) in Science
of Ak N VN un s
ERER o SR 2R o MAETHER RABTZER MR-
fEHRIET 2 Department of Human and Information Science Course of Applied Science Graduate School of Science and Technology Course of Science and Technology Material Science and Technology Tngt: C[fi?l i
School of IrEa—2EAIERH I BETATHZER BE(T%) HEW-fMZFHEI—X (Ph.D) in Engineering
Information Science and Department of Applied Computer Engineering TEHER Course of Architecture and Civil Engineering Master’s (in Engineering) Mechanical Engineering and Aeronautics and Astronautics
LT 55 Graduat s-h?-| f Engineering
1§8A T4 7HH - st Ty E - BE-tAI-2
Department of Information Media Technology Course of Mechanical Engineering Structural Engineering
R BEZH I EREFRIZER I BFETY¥O—2
ool of Department of Architecture and Building Engineering Course of Biomedical Engineering Marine Science and Technology
Architecture and . N = — o A
Urban Planning TARTHH# - TERIB T HFEW (F% - EKIRERIZO—X
Department of Civil Engineering Course of Information Science and Technology Earth and Environmental Science
et 2 7 L T 2%} - FHEEFASER  FREETER B+ (IFRBES)
Department of Mechanical Systems Engineering okt i o eoonmio ey Course of Information and Telecommunication Engineering M’ matonnd TeleommuicetnEgrerig
TR BHEFHER SEESE &+ GEEs) ﬁi%ﬁ@?%#RmemBM&mMMMMWMPmmm
Department of Bioengineering Graduate School of Marine Science course of Oceanography Master's (in Marine Science)
ETHM I %%?ﬁﬁﬂ EMFER a%iG%?;), ] O R FR3F OHREIF—L30BMSFHE EEEI—IL30BMZTE [ ELHmuRE (I ABE% - RAREER
Department of Medical Engineering Gradue Schoolof BI0I0GY Course of Biology asters {in Science Standard program length: 3 years  Complete 30 hours of joint seminars Complete 30 hours of specialized seminars ~ Submit a doctoral dissertation ~ Public defense and final examination
TI5% ISREZ R I
School of Engineering Department of Applied Chemistry
sHFR(E i i : - 5 5 = 2 SR cE= S = fen = N S N o
BEBTIFH SRI2{E 1 Z Requirements for Completion (Master's Program) B PR SASRAES T SROBAN R — MERLTNET A LT LS LRITRS B 5D £ A A L BLHH SESHRHAOES B L LA TT,
Department ofEecrical and Electonic Enginering ERADHAR S E S LRICBUOPHFHEET LTUSZ LABE T, BlIE AR ARIBY F TRV A DE SV,
T 5 - D 7[‘%‘—%'“%%@ BEZQ’: D 30“’36%1?“[%?5 * This illustrates a standard pathway from undergraduate departments to graduate schools; however, applicants are not limited to the routes shown above.
Department of Mechanical Engineering Standard program length: 2 years Earn 30-36 credits For example, progression from the School of Science to the Graduate School of Medicine is also possible.
MZEFEESH MEFEFEK - . =
Department of Aeronautics and Astronautics Aerospace Aerospace Course D 'ﬂgiﬁﬁ)‘(%ﬁ D ﬂ%iﬁﬁi%i/ﬁ\ ° %%Eﬁ%ﬁ
— Submit a master’s thesis Thesis presentation and final examination .
TRERE(E S BB FEFR _
School of ifomafin d Fkanmutinfgiesiy Department of Information and Telecommunication Engineering
ek — RFE-WFERD bR A THER
Department of Marine Science and Ocean Engineering E I N R JuL ” b M#«
BT . .
Scool o KEEHER - From Bachelor’s to Doctorate in Science and Technology
Marine Science and Department of Fisheries
Uiy B R EEETEEY WABIEZMERE.CO—BLAZUVDRNDRRKELT. SER We aim to cultivate individuals with advanced research skills
- - \ - . . . . . . . . .
Department of Marine Biology Marine Science and Ocean Engineering Course MEERNDEBIENBENZMALZAVOEKRZBIRRLTVET . EFI and creative thinking. Through a single interdisciplinary
. A B CELsbhAVWHMAEBETYER | O—EXE & L. BAVDE% program and nine courses spanning science, engineering,
> FE . - N VANV o . . PRI
S Depanmgl_ofBio[ogy Narigatin an cean Enireeig i ouse WRLAEIDDIA—REZHRBEEZ - TZ - BEZREDLZKRAFMNE and marine science, we promote cross-disciplinary
IIWW‘ " e BAREBC. ChoEEMN-BEMNCELADHE - MRIMEH 2HEE education and research and foster researchers who can
pogalidenes B ERR A o L.COmBaEBUT HRE - FT2BELSMPROME . work on the global stage.

Department of Marine Biology and Sciences

_ it R FE .
pr@ it oaoar Department of Community and Social Studies
School of

Humanities and Science ARIEHRITER

Department of Human Information Engineering

EENCERTIHEENERICIIBATVET,
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Admissions
Information

| Education and Research Supervision

Requirements for
Completion

Seminars

The Graduate School of Science and Technology offers two admission

intakes each year, in April and October. In addition to the general entrance
examination, we provide multiple admissions options—including exams for
working professionals and recommendation-based admissions—so that
applicants from diverse backgrounds can pursue research.

To complete the program, students must be enrolled in this university’s graduate
school for three years, complete 30 hours each of the Joint Seminar and the
Specialized Seminar, receive academic and research supervision, submit a
thesis, and pass the thesis review and final examination.

(1) Joint Seminar

Offered for approximately five days at the end of the spring and autumn
semesters. Topics are interdisciplinary, and students may enroll regardless of
their graduate school or field of specialization.

*Details of seminars organized by the graduate school will be announced separately. Students
wishing to enroll must declare their intention in advance.

(2) Specialized Seminar

Taken during the class periods at each campus in the spring and autumn
semesters. Dates, hours, and content are determined in consultation with the
student’s academic supervisor; students should attend according to their
supervisor’s instructions.

| Entrance Examinations

April Admission Special Entrance Examination
for Working Professionals

(Spring Semester) Implementation Schedule
General Entrance Examination [Phase 1] July / [Phase 2] February
(Spring Semester)

Implementation Schedule
[Phase 1] July / [Phase 2] February

(Spring Semester)
Recommendation-Based Eligibility Screening: [Phase 1] June / [Phase 2] December
Entrance Examination

(Autumn Semester) July
General Entrance Examination

(Autumn Semester)
October Admission Special Entrance Examination for July
Working Professionals

(Autumn Semester)
Recommendation-Based Eligibility Screening: May
Entrance Examination

Presentation

Screening

Past research progress and future research plan.

Methods
Interview

Questions on the presentation and an oral examination on the field of specialization, etc.

*Please be sure to consult the official Entrance Examination Guidelines/Application Instructions posted on the university website for details.

Graduate School of Science and Technology, Tokai University RBAFAF IR HEBEIZHIER
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RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

Tuition and
Financial Support

Admission

Feo 1y 200,000

Japan Student Services Organization
Graduate School Scholarship

Tokai University provides a supportive environment in which
students can focus on their research, backed by a clear and
fair tuition system and a wide range of financial assistance
options, including scholarships and grants.

| Tuition and Fees

#Surtjul:)anl Py 81 2,000/yeur

Type Loan (interest-free)

Master’s / Doctoral Program (first stage)

Choose either JPY 50,000 or JPY 88,000 per month
Doctoral Program (later stage)

Choose either JPY 80,000 or JPY 122,000 per month

Amount

Period Until the standard period of study.

Special Increased Loan Scholarship at Enroliment

Type Loan (interest-bearing)

For first-semester entrants who meet the requirements,
the loan amount may be increased —upon request—
by a fixed lump sum (choose JPY 100,000,

JPY 200,000, JPY 300,000, JPY 400,000, or

JPY 500,000).

| Scholarship Programs

For information on scholarships, please visit the Japan Student Services
Organization (JASSO) website (https://www.jasso.go.jp/en/index.html) and see
the “Scholarships for Study in Japan” page
(https://www.jasso.go.jp/en/ryugaku/scholarship_j/index.html).

Type | Scholarship

Type Il Scholarship
Loan (interest-bearing)

All graduate programs / all years:

choose JPY 50,000, JPY 80,000, JPY 100,000,
JPY 130,000, or

JPY 150,000 per month

From the month requested by the applicant

until the standard period of study.

*Please contact the campus office for further information
about other scholareships.

Teaching Assistant (TA) Program

The TA program allows outstanding graduate students to support undergraduate education—such as assisting with
laboratory classes, practical training, and seminars—in return for a stipend. It provides financial support while also
serving as training for future careers as faculty members or researchers.

Stipend (Salary) Programs

Tokai University Specially Appointed Assistant Program

Salary: JPY 1.92 million per year
Teaching load: 2-6 classes per year

This is Tokai University’s original next-generation researcher development
program. Exceptionally outstanding doctoral students are employed and
provided with financial support to secure a stable foundation for continuing
their research, while also being given structured opportunities to gain
teaching experience. Through this program, students develop their
research, teaching, and professional practical skills in an integrated manner,
and are supported in building an independent career as a researcher.

Tokai-SPRING SACRA Program

Stipend: JPY 2.4 million per year +
research funding: JPY 0.42 million per year

This is a career development program for doctoral-level professionals,
implemented with institutional support from the Japan Science and
Technology Agency (JST). It provides financial support for both living and
research expenses for up to three years. In addition, through education and
career development content developed in collaboration with local
communities and industry, it supports the growth of doctoral talent who can
thrive across a wide range of careers, including in industry.
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Study on statistical multiple comparison procedures

Construction of simple and effective procedures

#is S H [BA  prof. Tsunehisa Imada

https://researchmap.jp/read0181913/
[ https://www.u-tokai.ac.jp/facultyguide/faculty/2293/ W it7601@tokai.ac.jp
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Critical value Power of the test

HIARETIIHIERA R EICREFTNZELBIRICOVT
MELTVETBBEOERFSEROSTFHEOEDE
BERANRNBBICIEDEAEDNRVSNE I DB
ETHFEBICEN DB LHESNTH CORFFHEIC
ENBHBEINEFNICHBZICIETEEEA

BHEOBFHIIN LT COEFEBICEN DN B
BICHIDIEWERICZBHRBEEDVAVLSNE T TELER
A2 TOR TR OEZREICLHE Y /N LEE &
HBEOFFHOHRO—D (RHER) LoBFHENENE
EEFICLER Y 2R BEBEREDHDET,

FIBREFROBRFZERITRET DIV TINBI 2T
WRTYTEDSEBERET VI FRATYTHAREZIK
ICh7eh&ET,

HMREOMNETOMRRABERIIZSEEERDHORBF
BRI MLICH T W BEBEDEBRE. EHEDERSF
HORNSRATHEVEFEERDIT3SELEEDHEE
BRETIRERELQREFINICHTZEREHDOSEL
BEDBEIZEDBATUVWEY,

Simultaneous test

In this laboratory, we study statistical multiple comparison for
several normal means. Analysis of variance is used to check
differences among several normal means. However, it can not
compare each two normal means. Multiple comparison
procedures are used to check specific differences among
them. There are various types of multiple comparison
procedures.

For example, all-pairwise multiple comparison procedure is
used to check the difference between each two normal
means. Multiple comparison procedure with a control is used
to check difference between a specified normal mean with
each of other normal means simultaneously.

Multi-step procedures are more effective compared to single
step procedures. In this laboratory, various results on multiple
comparison procedure were obtained. For example, we
derived multiple comparison procedures with a control for
multivariate normal vectors.

We proposed multiple comparison procedures for finding
non-maximum ones among several normal means. Recent
theme is the construction of multiple comparison procedures
for regression coefficients in a linear multiple regression
model.
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Robust pluripotency for non-hyperbolic dynamical systems

sz AR #8  pror. Shin Kiriki

https://researchmap.jp/read0186395
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Homoclinic tangencies
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D /—RIVEEZZSELIL.CITOREICHZIZZHIF. B
R VWS TH S,

ZEEM I VNS BBEOBL L TRNITETELREBALE

BIBRNELTERIT D ENTES. AMBOBENMIF.
DEREMEZNZROBANSEN L. EOFETRL—MKILEZE

BT LICH B HRIFRDOBBEHENICERT 3,

M RO BIR—JAENETHEEEH OHEFET
ZHENERITNEBEBICL S THEREDORXIFTIVIR
NEBTOVSLAREBDEOBNEROBESIIFEY
B1EBID%

Colli-Vargas®FEx  REI UV ZyUEMZ HDOEED2
RITC WD RBBERA YIRS 22 CICE DA ABE L.
Takens DEREBBICT T 25 X oo COMEDE A

SYIROBEERNRITZ. LD — BN BREAH DO TER
TEZOTRBVDEE R o COLSBBEENS MK
H-EBICL O TEATN ZEEMHOBIN . KRARDOET
BHERTH 5,

BEMICIFSHRAEMEICNHESAN ZEHOMO REERS
CEDEEDIREENCAEEZ D, COHIR TERDKE
AT LD RBER £IC R TR VWD BIEE SR
g& LubesugueRIEIEDEEDC M T EEDyEDIZKL
lim d,,(5, ) =0

n—->oo

ZEmlcTHDONBFEETDEEfIFZBRNTHDILERN
Tixgldx DgICBIT BEBEEIR. 67y, oI FHE (g (y) |n € nN}
BT 2RERAEREST 3. 1FZROMEICEVWTEE AT
CIFEBLTVLWAIRKRMHB AL TIIAL . BEBICFEETS
CCEBENICEBR TR THRI. HAICEIT2E2ECTD
EEX. ABE EREREDH D AHETIE REIY
M ZE D DIENHENANZERDCHAEICIFTERICSEE
MEHDNERNEFEET I CHFIAATEI_ETH 5.

XLy FEBeAEERE

Heterodimensional cycles

Nontrivial wandering domains

Inphysiology, iPS conversion refers to the process by which
differentiated cells are reverted to an undifferentiated state through
the introduction of specific genes, thereby enabling them to
transition into various cell ineages. Shinya Yamanaka was awarded
the Nobel Prize for developing a technique to reprogram somatic
cellsinto pluripotent stem cells (iPS cells) by introducing a small set
of genes. The underlying idea here is the concept of pluripozency.

Pluripotency can be defined as the ability of a system to transition
into various states under small perturbations. The motivation of this
study is to formulate this notion of pluripotency fromthe
perspective of dynamical systems and to investigate its existence
and generality. We mathematically consider the following problem.

Problem. Does there exist an open set of dynamical systems such that
the orbits starting from a set of initial points with positive Lebesgue
measure can be reprogrammed into arbitrary dynamics by arbitrarily
small perturbations?

By extending the methods of Colliand Vargas to arbitrary
two-dimensional C* diffeomorphisms with homoclinic tangencies,
Kirikiand Soma provided a solution to Takens'last problem.
Following this study, itis natural to ask whether stochastic
representations of dynamics can be discussed withinamore
general framework. From this perspective, the concept of
pluripotency introduced by Kiriki, Nakano,and Soma constitutes
the main focus of the present study.

More specifically, consider a diffeomorphism # on a manifold A/
that has a hyperbolic set A, together with an arbitrary subset
A'CA.

Under this setting, £ is said to be pluripotent f, forany x € A, there
exist a diffeomorphism gt hatis sufficiently C-close to fand a set
DC M with positive Lebesgue measure such that, for any y&E D,
Jim d, (3, 4,,) =0
where, xg denotes the continuation ofo|th respecttog,
and&7y, gdenotes the empirical measure. In the study of
dynamical systems, animportant goal is to prove mathematically
that the phenomena of interest are not rare, but rather abundant. In
mathematics, abundance is often measured in terms of density,
robustness, and related notions. The aim of this study is to prove
that,inany C™neighborhood of a non-hyperbolic dynamical
system with homoclinic tangencies, there robustly exist dynamical
systems that exhibit pluripotency.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Structural Theory of Homogeneous

Spaces under Group Action and its Relation to
the Representation Theory of Lie Groups

% E* %% Prof. Atsumu Sasaki

https://researchmap.jp/read0141189
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3508/ W atsumu@tokai.ac.jp
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Group decomposition theorem

V—EBORBEHDOMBICEVWT. 5 ONTBDBIHRIR
NORIHEORREEMT 5HE (FERER) & 525
NEBEOBNRREZLO/NSBEFICHR LTINS LB DEL
HRBICHET MR (DIRE) FEAND DEER L BE
TH2.FERRFICEITBMRIIZDAREFICE>TITD
nTtuns,

— AT DRRIREIEELZDORBICHTIERIEHZ2DD
DARBREBHNZ<FRINTWVND T RIEDIRAICE
WTEBNR 2B LA LELMENAVEE (BEEY) %
OO DEEERFEDBERICLSBVWETEZZ LIS
AELTWAR.CDLSBMEIFT— ) TEBPEKE AN
BARCEEUCETHRN.ZOERISBUELVWEABED
BEDH>TETWS,

ASREFNESETHOR THEEERRZERICH
DUZRICH LT ZDEMBEZHRHIBERNSERELT
W3, A TIE BHERREEER L SN DN EBZ
SOLVWRHEAIITLTHLWVBEEEZEAHLDDH
3. CORERZAVT IFRIRBAMNBITANDOIGAZHIELT
Wao
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Multiplicity of representation

[LEFESS &g

Reductive real spherical homogeneous space

In the study of the representation theory of Lie groups, two
problems are fundamental and crucial: the induced
representation (a method for constructing a representation of
alarger group from anirreducible representation of a given
group), and the study of branching laws (the decomposition of
anirreducible representation of a given group when restricted
to a smaller subgroup).

While the induced representation problem has been
extensively studied by many researchers, the branching law
problem, despite having results for individual representations,
still has many open questions. Therefore, my research focuses
on providing a criterion for a specific property —-- the
multiplicity-free property (where each irreducible component
appears at most once in the restriction) --— without relying on
the explicit construction of the representations. This property
appears in contexts including Fourier transforms and
spherical harmonics, and the beautiful underlying geometric
structures have recently begun to be uncovered.

Currently, l investigate the geometric structures of a specific
class of reductive homogeneous spaces that are known to
have multiplicity-free representations, utilizing a
group-theoretic perspective. Recently, | have been developing
anew structure theorem for a broad framework that includes
symmetric spaces, known as reductive real spherical
homogeneous spaces. | aim to apply this result to problems in
non-commutative harmonic analysis.

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR

N—LIEE N S




MR- HERFI—X

019

4°ReZ A O MEFEC E D3

Fy—bZzRAVCHERSUVE

Surface-knots in 4-dimensinal space

Surface-knots by using charts

wig S HHEF  eror Akiko Shima

https://researchmap.jp/shima_2591292
O https://www.u-tokai.ac.jp/facultyguide/faculty/2561/ ™ shima-a@tokai.ac.jp
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Surface-knot

ARTEROHEZRRLTVEI. NSO ZHEET
BCENBERTY. COMEZIRTEMICHAL LD,
DEDRZEZF I, —MRICIICOZISHENIZD>7HD
T, COMEORDDIFIRTEMADI S TICHDF
T CDYSTEBICFHEICHELLDOD  Fr—hTY. 4
RTOYEEFEARNDIT ST ZE>THELTVET 3R
TZEBRORACTBEUBRICDOVTE ETHEF A DA
RDPBOFETARTEBRNOHEICETE BRI 3R
TROESBHDRIELHDEFEA TNZIERLELS W
SCTEPFHLVATI . RALHMEAZROTER>IFv—b
BEBICHDET, TNSHVDOEILHDZERDOTIZE 5D\
FARBHEEZREF T,

Fr—hEIENBISTDIERIESREL 4.6 DVTNH
T EBINREIUILRBADTER DB R LETHZFv—
ORI EIE X RO DTERA S WFv— DRI BIEIC
BLTHBZEHTEE LI RBADTERIZH D IIHE
REDD>TEELIe INDS IR REA. 6 DED/NTEL
HODBSIRICAN DEREFE>TVISEB>TVET,

Fr—t CEf

C-move

We research surface knots in 4-dimensional space. Our
purpose is to classify these knots. We consider the projection
of the surface into the 3-dimensional space. In general, the
projection has the intersection of surfaces. The intersectionis
agraphin the 3-dimensional space. Moreover, we project the
graph into the plane. Then we have a chart. We research
objects in the 4-dimensional space using graphs on the plane.
We have a very useful table of knots, i.e. a table of closed string
in 3-dimensinal space. There is no table of surface knots in
4-dimensional space such a table of the 3-dimensinal case.
We would like to make a table of surfaces in 4-dimensinal
space. There are many charts representing the same surface.
We would like to develop the method to determine whether
the two charts are same or not.

A graph called a chart has only vertices of degree 1,4 or 6. We
have a surprise result that " a surface representing a chart with
at most one vertex of degree 4 is the same surface
representing a chart without vertices of degree 6 . AlImost
charts need vertices of degree 4. In the future, we want to
make a table about charts having a small number of vertices of
degree 4 or 6.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Visualization method for statistical information

Data Visualization in Data Science

https://researchmap.jp/yamamoto_yoshiro o
O https://www.u-tokai.ac.jp/facultyguide/faculty/2924/ N yama@tokai.ac.jp
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Statistical graphics
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Sports Analytics

E&RT —7 8

Medical Data Analysis

Data science consists of practices such as understanding
data, preparing data, building models, evaluating models, and
refining data. In this laboratory, we construct statistical models
for real-world data and evaluate them statistically.

Large volumes of data, often referred to as big data, are crucial
not only in marketing but also in fields like sports and medical
analysis, making them subjects of our research.

Our laboratory develops visualization techniques suitable for
data in exploratory data analysis and visualization methods for
results obtained from statistical analysis techniques, applied
to real-world data analysis in fields such as marketing, sports,
and medical information.

In particular, we build applications and websites that enable
interactive visualizations, such as those shown in the figure,
which can be manipulated according to the user's interests.
This plot proposes a visualization using correspondence
analysis and association rule analysis for survey data.
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Algebraic Geometry

Automorphisms of K3 surfaces

o~

%1% Ak L5g  Prof. Shingo Taki i i‘

https://researchmap.jp/takishingo/

)
O https://www.u-tokai.ac.jp/facultyguide/faculty/3970/ W™ staki@tokai.ac.jp ‘ h

K3dh@ BERE Galois®.
K3 surface Automorphisms Galois point

REEAZERAETLTVETD,

LOMNNREERTIE. TNIEBORMMEISERTEC
CTHIEBHADPBEITWBRZIERHDEFTHZIE—ZD
ZARICHREIFEVWVY . ZSEL AP E=ZAFDLS
BRERA=AFIETEAX I T120E O [El#5 ] 7% &XFHR
SERFEET, _FN=AFPE=ZBFEORFEEIFCDL
SEMFEDFEEICL O THE-LITSNTVWREHESTE
MTEET,

ZDESBIEHHD. EZE5NTRESHREONTEZT
REZEIEEDSRBEAZOEABBED1IDOTY,
FIEEIC

(1) KIFHE O FMEEFR ST EH S RE DT

(2) K3ghE D ERE & L TESNZ N AIEE

(3) K3gE D Galois HH' 5 2 B DIAZE
BREZTO>TVWETD,

(1) K3IHEISZFDOEEBNSEZFATHABRWERRER %
BODOT. ENADOERATEEREZFHLIF. 2EEZTV
£,

(2) EEMEISHENICEERMENR TI A EMHIC
ISH <A WVREICL > TKIE e B EtE O R LE D
HKEDWDHDET,
BEHEOREMZKHEOECREDEETHANET,
(3) K3FhE L DR B = A5 | SR ITHIEP ETDED 2
SAEMICDOVWTHANE T, 1l SOEENTIEDFEER
SETB. VS DIFEHEVRERIECBVWETD,

contraction of (—1)

X : K3 surface

triple cover branched along C, (—6) and (—3)

7 =(10) C P(1,1,5,9)

blow up at ()
minimal resolution)

We have studied algebraic geometry.

When studying geometric objects, focusing on their
symmetries often reveals new perspectives. For example, a
general triangle has no symmetry, but special triangles such
asisosceles or equilateral triangles possess symmetries like
“reflection” or “rotation by 120 degrees’. The special nature of
these triangles can be characterized by the existence of such
symmetries.

For this reason, investigating the symmetries of a given
algebraic variety has long been one of the fundamental
problems in algebraic geometry.

Our main research topics are the following:

(1) Automorphisms representing the symmetries of K3
surfaces

(2) Log rational surfaces obtained as quotients of K3 surfaces
(8) Symmetries induced by Galois points on K3 surfaces

(1) By definition, a K3 surface admits a nowhere vanishing
holomorphic 2-form, so automorphisms can be characterized
and classified by their action on this form.

(2) Rational surfaces have been classical and important
objects, but it turns out that the world of K3 surfaces and
rational surfaces can be connected through relatively simple
operations. We investigate the singularities of rational surfaces
in terms of automorphisms of K3 surfaces.

(3) We study the symmetries and moduli spaces arising from
special points on K3 surfaces. The phenomenon where the
existence of a single point guarantees the existence of
symmetries is, in our view, quite fascinating.

Oy O
O

O

Iy
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Algebraic geometry and Hilbert schemes

Obstructions to deforming curves on a higher dimensional algebraic variety

#32 ABZE 5L  Prof. Hirokazu Nasu
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Hilbert scheme

B INHENRESBREOHABOLRIF—LERDE
BICRB AT —LDOBEZANTLDHDIFEIRILFZF—
LEFEN RBRAZOLFICEVWTEELHAERRD
— DT CDEINILSZE—LEBRRIICHZEL. EDEE
KD OEPRTT, HEABRCEFRNMEEICDOVWTEHS D
ICT B EHARDERETIHFICERTRBSIFELD
HROEREEICOVT. KA OB IR CEM SR
DBEEZBVTHEL.EINILFZXF—LOFEEDR
HICDOVWTHRHIL TTHLEMILIEWEEZTUVWETY,

HIEDEILARIFRAF =LAl e IR RMAZNICR L
WRICEELTH, NSX—REBMELTOEILANILER
F—LIF—RICIFEMFREAEFI OIS NTULET
(Mumford®fl, ®1& L UE2) . CDHE—#LH LIE
BRI TBIEICED, BRI ZRF—LDEBRES XS
K EDORHRLBHMBEOBICEEIZCRONZFEBELE
BICOVWTHARTVET,

C € W69 c Hilb*P

P¥-bundle
(E,S) € U cGx|0=03)

P15_bundle
E € GY ={Iinesin]P3}

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR

Deformation theory Obstruction

Given a fixed projective algebraic variety, the set of all its
closed subschemes is naturally endowed with a structure of
an algebraic scheme and called the Hilbert scheme, which is
animportant object in Algebraic Geometry. | study the Hilbert
scheme of curves on a variety of higher dimensions (= 3), and
the goal of my researchis to describe its geometry explicitly,
e.g. the number of irreducible components with a given Hilbert
polynomial, the properties of each component, and so on. The
Hilbert scheme of curves can have very bad singularities in
general, even though we restrict ourselves to curves that are
sufficiently geometrically nice. The first such example was
constructed by Mumford (cf. Figures 1and 2). By generalizing
or simplifying this example, | am studying a mysterious link
between the obstructions to deforming curves and some
other curves of low genus (rational or elliptic curves)
contained in the ambient variety.

A :=| - Kp|, + 2E|
dim W = oo + dim A
= oog + o055k + 37
=4+ 15+ 37
= 56.
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Research on combinatorial properties of discrete sets and set systems in Euclidean space

Combinatorial properties of finite point sets and partitions of sets in the plane

023
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Point Set Partition Visibility

A—2VyRrERVCERICE T2 ERED=22)ERE
DHEFHISBRZEEDNDOEEGENAEBICDOVWTHEL
TLET,

1) FEEOSESPICEELTE PO EEREATEHEZ DL
BLEICELRREDER. POANERERZLIICPD
MEEOZATICHE TIEETOOLZTAFOEHHCICD
WTRAIBAELTVES, £ POSICIAS|P|ETOR
BRIBEHEEDETIIRNIEEREE AP KEOBTE
DIONTkBERESR BB RELTER L

IRIMTEREGPICH LTI BEREEAE (REDHW
BT ZNUTA>TIRILOENEFEMNTZH0) DIER
BICDOWTHELTWET (Figl),

2) BREOEEDSBEERICETIMARRDIDEL
TrHFE i Bk (BREE) TNLAY Y RIyFEED
HBRELTBNMETN TV ROEELNHDET  TERDR
RENCTFEREOERD2OOEREEESA, BICHLT
(ED—MRICIF HBEEBEHICTRAELRL) ALBHEDIC
nEREINBLIICTFEZMEDNTEHICD TSNS,

Fl TEZEMEERBIONVI—>a>THELATOR%
LIcE=MBEOASICHEAZSBEOEZ LW OHhDIE
HH2HBEDERNATOEE (Fig.2) 145 DA RMERE
ICDOWTHIAELTWVWET,

We study the combinatorial properties of sets consisting of 1)
a finite number of points or 2) a finite number of regions in
Euclidean plane or space.

1) For point sets Pin the plane, we have recently studied the
number of crossings that occur when pointsin Pare
connected to form a cycle, and the number of convex
polygons when the convex hull of Pis decomposed into
convex polygons whose vertices are points in P. We have also
studied properties of labeled point sets, where each pointin P
is assigned a distinct integer from 1to | P|, and k-colored point
sets, whose points are colored with k colors.

For labeled point sets P, we have studied the number of
vertices contained in a non-crossing monotone path—a path
with no crossings along which the labels of its vertices
increase monotonically (Fig 1).

2) Aresearch result concerning sets of a finite number of
regions is introduced in the “Mathematics Dictionary, 4th
Edition” (Iwanami Shoten) as an extension of the ham
sandwich theorem: “For any natural number n and any two
sets A and B of definite area (more generally, measures
satisfying certain conditions) in the plane, it is possible to
divide the plane into n convex regions so that both Aand Bare
equally partitioned into nparts.”

We have also studied visibility problems such as “the number
of security cameras required for a polygonal-shaped art
gallery with some pillars inside that have polygonal-shaped
cross-sections (Fig. 2),” which is a variation of the "Art Gallery
Theorem.”

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Solar Pumped Laser

Direct conversion of solar light to laser

Physical and Mathematical Science
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Solar Light Energy Laser

BREOABAZEZEL —H—XICERT 3. ABLRIEE
L—H—DMEEZTOCVWE T HELLL—F—ITFHEH
WHSH EICHE—LADTTIRILF—EXZERITRIL
F—EEPMEEF ALV HRKEREICISAT S
CEEEZEZTVED,

Graduate School of Science and Technology, Tokai University RBAFERFE R MBI FHER

| am conducting research on solar-pumped lasers, which
directly convert abundant sunlight into laser light. The
generated lasers are being considered for applications such
as wireless energy transmission, where energy is delivered in
the form of a light beam from satellites in orbit to the ground,
and clean hydrogen production using catalysts.
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Dark matter search experiments and multi-wavelength observational astronomy

Approaching the Universe through two methods: balloon-borne experiments and telescope observations.

#12 A[[N BHF  prot. Akiko Kawachi
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Dark matter searches

BEYEDEFEE*BEIFHEIIRER . FHICE T
BAEIRILF—REBROEBBEZEME LIS KRESRARX
NZ2EWSZODEBRBZMELZEDHTLETD,

AET—D—2IF EEHEE IO TV ~GAPS (General
AntiParticle Spectrometer) ICE T 3B EYEIRKKIR
ERTIARRII. FERPORNFERERICFHATZC
CCHREMEERORNFEREHZERTHDO T AMARE
ETIFJAXARER I — Tz e LI EBREREICSEL.
S[ERBHEICE LKFIRINIEE-BHXE T THET
A7 T L W AREIX R T D RIRICENDAHA TEF L7z GAPS
1$2025FRICEBARSEKD 71 MIRI L. FE - KE
BRECHRAMBRELICAHNEBHIEISAMNRETTLEIC
EMET 2 ARIMLFELI.CNICEDRELAERT —&
DOEBICAEKEML TSN REIFIET —20@BITE &
RS MBI TR ZEHTVED,

HS—DOHET—T R BIXINE—MEETTEER
DEREHAFETT NI —SEHNSKE SN 3B H
HNTSAVCAREEET7 V70— OBEERICEEL.
ERADE R AZGERIMEERRICLIBEACHET
TINZHAEDE TENZIToTVWE T HRICE T I7UAX
XEIRSFEAWCERMNMEE=ZX) VIR = FEICR
MELGEEQRMEICESHEREOZTEBIEDMRA%
BiELTWET,

Figl © JAXA Fig2

FHRAKEER

Cosmic-ray balloon-borne experiments Multi-wavelength observational astronomy

ZIRREBAIRXZFE

We are advancing two distinct research projects: a cosmic-ray
balloon-borne experiment aimed at the indirect search for
dark matter, and multi-wavelength observational astronomy
focused on understanding high-energy astrophysical
phenomena.

One of our research themes is participation in the GAPS
(General AntiParticle Spectrometer) balloon experiment, an
international dark matter search project that aims to identify
antiparticles of dark matter origin in cosmic rays. In
collaboration with the JAXA Balloon Group, our laboratory
contributes to instrument development, focusing on novel
heat-transfer technologies. In late 2025, GAPS achieved a
successful Antarctic circumpolar balloon flight. During this
flight, the cooling system we developed operated

stably, marking a significant experimental milestone and
enabling the acquisition of high-quality data for analysis.

Another research theme is multi-wavelength observational
studies of binary systems exhibiting high-energy emission. We
focus on interactions between a compact object, i.e., a pulsar,
and outflows from a massive companion star. Our analyses
combine radio, optical, and near-infrared observations
with numerical modeling. In particular, we conduct continuous
near-infrared monitoring using the IRSF at the South African
Astronomical Observatory to investigate
orbital-phase-dependent variations in the emission properties
of these systems.

Figl : Bt L 22 ICIIR TN 7cGAPSSRIER R R, B E35km 7z REIFRFIL. BRI 2 F RGO SEENERRO R T HREKRT %o
The GAPS balloon experiment was launched off in Antarctica. Flying at an altitude of 35km, the experiment aims to detect signs of dark matter annihilation or decay by

identifying rare antiparticles in cosmic rays.

Fig2 : JAXA/FERFHARAOIERIEZEV EMOREENEZHAN D REKEROBRUL B ORET LA T DA HNROBREICRE LT
Astudent is testing the efficiency of heat transfer of a sheet material by usinga constant temperature chamber of JAXA/ISAS. Our group has been working on developing a

cooling system that determines the resolution of the GAPS core instrument.

Fig3 : BRSO LEFH 2 FI A LR ZITo TV 3. FldD FRAXADOR2X— ML BRI ERFD R — LA To
Our research uses various telescopes. Shown is the 2-meter Nayuta telescope at the Nishi-Harima Astronomical Observatory.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Static and Dynamic Molecular Behaviors in Aqueous Complex Systems

Approaches Based on Biophysics and Soft-Matter Physics
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BICEEREKICREARZE X BRI FHRAEMIC
L GEREARIFERINZHAXTRER(L—RIrvE-
V=R IF HAREDEET—YDOEDTH D _DE
RICBVWTRICBEEND FERICRIZFTHEC. ZOER
ICH2YBEFNERZ. RICEBEODFEMEEIERICE
BLTHEBEIZZCERATWVWS, SOOI ERE D FPK
BAUEBDTFHORDIEHERERTIEFETERET THRE
REEARTRERIRIZCCERHLTED. ZDIER%E
BRI OICRBRT — R BRNTEAZEELDD.
ETEBNEB D FRBEICKRETZREMOMEAZERN
ICHRETLTWB, CO LI Z B L T IEFEHY IR —
MEZORBEBRL EMNEZADORBONSICT ST
B rZBEELTVWS,
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Thermophoresis

T,> T

IFFRIFNF

Nonequilibrium thermodynamics

The Kita Laboratory investigates molecular behavior in soft
materials and aqueous solutions of biological
macromolecules under both equilibrium and nonequilibrium
conditions. Our research aims to elucidate molecular structure
and dynamics, and to clarify how these phenomena are linked
to functional properties in biological and other complex fluid
systems. To achieve this, we employ a range of advanced
experimental techniques, including dielectric spectroscopy,
light scattering, laser interferometry, thermal-diffusion forced
Rayleigh scattering, and optical beam deflection.

A central theme of our work is thermophoresis (Ludwig-Soret
effect), in which molecules migrate along an imposed
temperature gradient, resulting in the formation of
concentration gradients. We analyze how external thermal
forces, together with system-specific molecular interactions,
govern this nonequilibrium transport in agueous and
biomolecular systems. In polymeric and biomolecular
solutions, we have identified distinct behaviors that arise
exclusively under nonequilibrium conditions. By integrating
high-precision experimental measurements with theoretical
modeling, we aim to identify both universal principles and
system-dependent characteristics that govern the behavior of
complex fluids. Through these efforts, our laboratory
contributes to the advancement of nonequilibrium soft-matter
physics and its applications to biophysics.

A temperature gradient applied
to a binary mixture induces a
concentration gradient, known as
thermophoresis  (Ludwig-Soret
effect).
BERBICREAREZS5Z 5 LE
EARIERINZRROEAN,
Xk E P Ludwig-Soret#h R & FF (£
o,
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Theoretical particle physics and cosmology

Great collaboration: The Giant and the Dwarves
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Neutrinos Dark matter Early universe

ERBFHBNORNF AMARETIF.CO—RTDL
WBICHZ2DODZCEVWDH—HEICEZITWVWET, EL T,
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(1) Za—rtU/1Za— U/ EEBNIED TEVEBES
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ARRETIF Za—rI)/DPRFE TOMELERICER
LTWBIEICEBLTWE S ELT . Za— U/ RERTE
ITTIFRB2ZCH#LVWZa— ) /ICET2ERE.FH
WHERHDSEIFHESELTUVETD,

Q)F—IREZ— " FHICIF APERLBEOERE TIIEH
B TERVWEARRBEOEINRENICSAFEELTVEY C
NHBHE—IIBZ—TIA—IIZ—DIEKICIZFERHD F
THEARARETIEH—IIE—IERERORMFN DL
IFMPBFETHELIEREBR ISV IR—ILTIEHELALE
EZTVWET.COMANE—IITREZ—DIEERTH 38N
ICOWTHABELTWVET,

B)VEBFH HEEROFHIZIVIL—2av VWS 2H8
BEERELTVWEEEZISNTVET, COFRDERED.
MPFHICEELERMORNFIFOCWeRT Y Iv
ILWIRINE—THBEREEDHOET £l 1> TL—oa
UHERDZCFHIFEEREEEEDOREICETERS
NTVET CNAEYI N T RFRETIF EHLTFY
BETHEONTVWAERABMEZTIC.I1>TL—>av%
BIZRILERTYIvILDOIR AV TL—2avh By
INIABITTEHRFERABELTVET

(4) TSV OR=IL:TSvIR—ILDBRTHEE TSI
BENXBETHZIF F<KHENTVBRI LR EBVWET,
LA L TovIR—IILORETEDSRMFHBRHINT
WBHEREMA BB CIE. HEDHSNTIEVWER AR
FEBETZECTISVIR—IILIFEEX RV REICIE
EFELTLESLEZSNTVET . IBIZTSvoR—IL
DENFHRERRHEZEELTCBEBE.ZLTREKDF
HICBITETIvIR—ILORZEVERAELTVET,

Inthis laboratory, despite them appearing to be extreme and unrelated
opposites, we study the gigantic universe and the tiniest elementary
particles together as awhole. We approach unsolved problemsin
particle physics and cosmology by considering theoretical
frameworks whichincorporate information from both fields
simultaneously, rather than focusing on one alone. Our mainresearch
themes are as follows:

(1) Neutrinos: These ultra-light elementary particles are so small that
they may easily pass through the whole Earth asif it were intangible.
This means that even the most advanced experimental equipment
has great difficulty detecting them, and so many of their properties
remainamystery. Our laboratory focuses on the relationship between
neutrinos and matter formationin the early universe. We aim to extract
information about neutrinos from such cosmological considerations,
as thisinformation is difficult to obtain from neutrino experiments
alone.

(2) Dark matter: Itis estimated that around 25% of the energy inthe
universe is due to unidentified gravitational sources that cannot be
observed using electromagnetic waves (eg. visible light or radio
waves). Thisis dark matter. In our laboratory, we consider it to
potentially consist of undiscovered elementary particles or primordial
black holes formed in the early universe. We are also investigating the
possibility that the true nature of dark matter may be a combination of
both.

() Early Universe: Itis thought that the universe underwent a period of
rapid expansion called inflationimmediately after its birth. This
expansion may have been caused by the potential energy of a
hypothetical elementary particle that existed in the early universe.
Furthermore, itis thought that after inflation, the universe reached an
extremely high-temperature, high-density state. Thisis the BigBang. In
our laboratory, drawing oninsights from particle physics, we are
investigating the shape of the potential of the particle that triggered
inflation as well as investigating the transition frominflation to the Big
Bang.

4) Black Holes: It is well known that black holes are celestial bodies
with such strong gravity that not even light can escape them. However,
whatis less wellknownis that elementary particles may be emitted
near the surface of a black hole. A black hole may lose its mass and
eventually evaporate by emitting these particles. We are investigating
the nature of black holesinthe past, present, and future of the universe
while taking this particle emission phenomenoninto account.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Space and Medicine

High-energy gamma-ray observation and medical applications
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Astrophysics
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High energy gamma ray

Nuclear medicine

I belong to the international collaboration projects, MAGIC
and CTA.

The MAGIC group aims to study the existence and properties
of very high energy (VHE) gamma-ray sources, such as active
galactic nuclei, supernova remnants, and pulsar wind nebulae
by utilizing the atmospheric Cherenkov technique located La
Palma, Canary Islands (Spain).

| am a member of the globally recognized next-generation
ultra-high-energy gamma-ray observation project CTA
(Cherenkov Telescope Array). | am working toward the
realization of an ambitious plan to deploy more than 50
telescopes, including four large telescopes with 23-meter
apertures and numerous medium-sized telescopes ranging
from 6 to 12 meters in diameter. My research focuses on
developing next-generation telescope cameras, estimating
sensitivity through Monte Carlo simulations, and analyzing
observational data from large-sized telescopes.

In addition, | am improving detectors for gamma-ray
astronomy in the MeV energy range and collaborating with the
School of Medicine (Tokai University) to develop an
Electron-Tracking Compton Camera (ETCC). This technology
aims to enable applications in nuclear medicine imaging and
support the development of radiopharmaceuticals for clinical
use.
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Dynamics in Aqueous Systems Studied by Broadband Dielectric Spectroscopy

Interactions and Cooperativity of Water and Materials from Liquid to Solid

#im FTEB B  rror. Naoki Shinyashiki
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Water Dielectric relaxation

DFEHHEAFEORTRLEVRKEEEOLFIHFSE
DYE(BDS) =AU 1uHz~50GHz D B K B TERB LD
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Glass transition

Using broadband dielectric spectroscopy (BDS), which
covers the widest time scale among various techniques for
the observing dynamics of molecules, we investigate
dynamics as dielectric relaxation over a extremely wide
frequency range from 1uHz to 50 GHz, in the liquid to glassy
states around room temperature down to 80 K. The aim of this
study is to elucidate both the universal behaviors of water and
solute molecular dynamics and their dependence on solute
molecular structure in various aqueous mixtures, including
alcohols, sugars, synthetic polymers, and proteins.

We have also extended theoretical insights into molecular
dynamics—originally established using simple materials such as
molecular liquids and polymers without water—to more complex
systems such as aqueous solutions of biological
macromolecules. The knowledge we have obtained can be
applied to elucidate the mechanisms underlying various
phenomena occurring in all water-containing systems, including
foods, biological systems, pharmaceuticals, concrete.

For frozen aqueous solutions below 0 °C, we have observed
the dynamics of unfrozen water, ice, and hydrated solutes. In
addition, using thermal analysis and X-ray diffraction, we
investigate the phenomena associated with the freezing and
melting of aqueous solutions, as well as the crystal structures
of ice. In particular, regarding the molecular motion of water in
ice, we have demonstrated that several types of motion occur
at low temperatures. Our current focus is on clarifying the
relationship between the dynamics of water in ice and the
crystal structures of ice formed in agueous solutions.

! L N X lyzer
10 MHz-50 GHz

DCTC Direct Current Transient Current method: Sub-femto An
ACPA Altemate Current Phase Analysis Method:
1. Multifunction Synthesizer: WF1943A, NF Corporation,
2. Multifunction Synthesizer. WF1943A, NF Corporation,
Digital Lock-in Amplifier: 15640, NF Corporation.
LCR meter: 42844, Hewlett Packard
Precision Impedance Analyzer. 4294A, Agilent Technologies..
Impednce/MumI Analyzer : 4291A, Hewlett Packard
TDR Tim Figh Bandwidth Diy
86100C+: 54753&Ag.lau Technologies.
Alpha Analyzer (10 mHz — 10 MHz) + Impedance/Material-An
| PNA-L Network Analyzer: N5230C, Agilent Technologies

itrol BDS 10puHz-10MHz
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Analysis of supersymmetric gauge theories from string theory

A diagrammatic approach to five-dimensional supersymmetric gauge theories

#2558 M 1B E  AssocProf. Hirotaka Hayashi
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String theory
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Gauge theory
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Supersymmetry

String theory is a theory which is expected to unify general
relativity and quantum mechanics and it has been
considered as a candidate for a “theory of everything” which
describes our universe. On the other hand, string theory is a
theoretical framework with rich mathematical structure and
it has been applied to analyze various mathematical models.
When we embed a mathematical model into string theory,
we may be able to study the characteristics of the model in a
new way which is different from conventional methods. In
particular, | am interested in analyzing supersymmetric
gauge theory from string theory. The model of currently
observed elementary particles is called the standard model
and it is mathematically a model of gauge theory, which is a
class of quantum field theory. Therefore, it is very important
to understand the nature of gauge theory in particle physics.
Supersymmetric gauge theory is a type of gauge theory with
a special symmetry called supersymmetry and it has been
used as a mathematical model for examining the properties
of gauge theory such as non-perturbative effects. | have
conducted research on analyzing theoretical aspects of
supersymmetric gauge theory mainly from string theory.

Although there are various types of supersymmetric gauge
theory, | have mostly focused on supersymmetric gauge
theory defined on a five-dimensional (5d) spacetime. In order
to analyze 5d supersymmetric gauge theories, | am
interested in 5-branes in Type IIB string theory. By making
use of the 5-branes, it is possible to relate certain 5d
supersymmetric gauge theory with a diagram which
resembles a spider web on a plane. Hence, we can study 5d
supersymmetric gauge theories through the analysis of the
diagrams, which we call web diagrams. | have been working
on further expanding the relations between 5d
supersymmetric gauge theories and web diagrams. In fact,
certain combination of 5-branes in Type IIB string theory is
related to a (non-compact) Calabi-Yau space in M-theory by
dualities in string theory. This means that the web diagrams
are a kind of visualization of Calabi-Yau spaces. Calabi-Yau
spaces are intriguing objects in mathematics as well, and |
also have an interest in exploring the characteristics of
Calabi-Yau spaces from the web diagrams. Recently, | am also
interested in supersymmetric gauge theory defined on a
three-dimensional (3d) spacetime and | have been studying
the properties of 3d supersymmetric gauge theories both
from the viewpoint of quantum field theory and string
theory.
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Advanced photonic sensing for trace material detection

Remote stethoscope by laser induced photothermal mirage effects

g2 LU % Prof. Shigeru Yamaguchi
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Laser spectroscopy
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Nonlinear optical material

Our laboratory conducts research applying telecom
semiconductor lasers and quantum cascade semiconductor
lasers to spectroscopic analysis systems. These lasers enable
wide wavelength tuning and the analysis of trace multiple
constituents. We have developed prototype measurement
systems capable of real time spectroscopic measurements
which utilizes the laser absorption process, an interaction
between light and matter—and for Raman scattering
measurements. These active spectroscopic methods could
make devices simple and compact, robust as well.
Furthermore, the recent advance of telecom technology has
made optical components inexpensive, enabling significant
cost reduction.

They are highly anticipated for applications such as analyzing
human breath for diagnosis, evaluating trace gases related to
acid rain and volcanic activity for volcanic activity estimation,
and detecting toxic substances, explosives, and leaks to
prevent terrorist activities. Human breath, in particular, is
strongly linked to diseases. Laser spectroscopy enables
highly accurate measurement of specific marker molecules.
Consequently, in the near future, this technology could be
used as aremote stethoscope in homes, allowing for disease
diagnosis through simple analysis.
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Molecular Dynamics of Amorphous Water under High Pressure

Water Polyamorphism

#T ERAK BB  Lecturer Kaito Sasaki
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Amorphous Ice
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High-Pressure Experiment
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Glass Transition

Our laboratory investigates the molecular dynamics of
amorphous (non-crystalline) water under high pressure. When
hexagonalice (ice Ih) is compressed at 77 K, its crystalline
structure collapses to form high-density amorphous ice
(HDA). Upon heating HDA at lower pressures, it transforms
into low-density amorphous ice (LDA). These amorphous ices
are considered to correspond to the high-density liquid (HDL)
and low-density liquid (LDL) phases of water, serving as key
model systems for testing the liquid—liquid transition
hypothesis of water.

In our experiments, we use a custom-built 60-ton
piston—cylinder apparatus (photo) to measure the dielectric
response of ice samples under pressures of 1 GPa. The
obtained relaxation spectra reveal molecular rotational and
translational motions, as well as defect dynamics, allowing us
to discuss the molecular dynamics of water as a universal
feature of the glass transition. Furthermore, by employing
isotopically substituted water such as D,O and H,'80, we
distinguish the origins of molecular dynamics and aim to
understand water’s behavior from a quantum-mechanical
perspective. Through these studies, we seek to elucidate the
nature of “interfacial” or boundary-state water existing
between solid and liquid phases, and to build a systematic
physical understanding of the dynamics of ice and water
(figure: phase diagram of amorphous ices).
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Studies on fixed point theory and convex analysis with
their applications to nonlinear problems
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Prof. Fumiaki Kohsaka
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Fixed point Convex analysis Nonlinear problem
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We study fixed point theory, convex analysis, and their
applications in Hilbert spaces, Banach spaces, and complete
geodesic metric spaces. The concept of Hilbert spacesis a
natural generalization of three dimensional Euclidean space
where we live in this universe. Hilbert spaces are complete
inner product spaces whose dimension is not necessarily
finite. Further, complete normed linear spaces are called
Banach spaces. In Banach spaces, the inner product of
vectors are not necessarily defined. Functional analysis is a
branch of mathematics where we study operator theory in
Hilbert and Banach spaces and discuss their applications to
functional equations such as differential equations and
integral equations in a unified framework of Hilbert and
Banach spaces.

Although the main research topic in functional analysis is a
theory on linear operators, we also study nonlinear operators
in the field of nonlinear functional analysis. The study of
nonlinear operators can be applied to many areas including
nonlinear differential equations, nonlinear optimization,
mathematical economics, game theory, and so on.

Fixed point theory is one of main topics in nonlinear operator
theory where existence and approximation of fixed points of
nonlinear operators are studied. On the other hand, convex
analysis is a field of analysis where fundamental properties of
convex sets and convex functions are analyzed. These two
areas are deeply related to each other. In recent years, the
two areas have been studied in a more general setting of
geodesic metric spaces including Hilbert spaces, Banach
spaces, and Riemannian manifolds. There are many
challenging problems in the study of fixed point theory and
convex analysis in geodesic metric spaces.
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Realizing Distributed Artificial Intelligence
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Parallel Processing

Distributed Processing
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Parallel and distributed algorithms
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Distributed Artificial Intelligence

Thelizuka Laboratory conducts research on autonomous distributed
cooperative systems, with a particular focus on parallel processing and
multi-agent systems, in order to address the increasing scale and
complexity of moderninformation processing. We study mechanisms
by which individual components behave autonomously while
achieving coordinated behavior at the system level, covering topics
from fundamental theory to real-world applications.

(1) Distributed Constraint Optimization Problems (DCOPs) provide a
framework for solving optimization problems with constraints that are
distributed across multiple agents, without aggregating information at
acentral location. For example, in situations where multiple robots or
autonomous vehicles move toward their own objectives, their paths
andactions are mutually constrained. Solving such problemsina
centralized manner leads toissues such asincreased communication
costsas wellas concerns regarding privacy and security. In DCOPs,
eachagent cooperates using only localinformation to search fora
globally optimal solution. Our laboratory focuses on probabilistic
approximation algorithms based on multiplexing techniques, aiming to
achieve both computational efficiency and high-quality solutions.
Furthermore, we apply this framework to evacuation guidance during
disasters, proposing amethod in which evacuation guidance s
provided solely through the personal devices of evacuees,and we
evaluate its effectiveness through multi-agent simulations. DCOPs
constitute one of the fundamental technologies in distributed artificial
intelligence.

(2) Inrecent years, advances in the accuracy and functionality of
artificial intelligence technologies have led to arapidincreaseinthe
computational resources required to provide services. Parallel
execution of programsis acommon approach to accelerating
computation; however, naive parallelization often fails to fully utilize
computational resources due to resource contention andidle times.
Qur laboratory investigates efficient computation methods based on
highly parallel processing using low-level GPU programming,
combined with probabilistic algorithms.

(8) Asanapplication of autonomous distributed decision-making, we
also conduct research on multi-agent systems. Through the
construction of multi-agent simulations using reinforcement learning
andthe acceleration of large-scale agent environments using GPGPU,
we aim to understand and control complex collective behaviors. Asa
practical application of these research outcomes, our laboratory has
participatedin the RoboCup Soccer Simulation League and has
qualified for the world championship.
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Research on the theory and applications of enumeration algorithms

Theoretical research toward building a practical decision support system
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Enumeration algorithm
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Combinatorial optimization
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Polynomial delay

Qur laboratory constructs ‘enumeration algorithms’ that rapidly
enumerate all non-redundant subsets of sets with combinatorial
structures that satisfy given constraints. Focusing on theory, we
conduct broad research spanning applications to graphs,
combinatorial optimization, statistical problems,and more,
addressing algorithm design for “rapid enumeration” and its
application to real-world problems.

Primary Research Themes

*Design and Analysis of Enumeration Algorithms: Algorithm
design focused on eliminating duplicate solutions and time
evaluation based on output volume (e.g., output polynomial time).

- Graph-Structure-Based Enumeration: Efficient enumeration of
substructures (eg. edge-connected subgraphs, certain subtrees,
permutation structures) on planar graphs or specific graph classes.

*Enumeration Algorithms for Problems Arising from
Statistics and Data Analysis: Proposing and evaluating
enumeration methods for complex problems derived from
statistics, such as statistical optimization problems.

Academic Impact and Distinctive Features

We bridge rigorous theoretical analysis of algorithms
(computational complexity evaluation, algorithmic correctness) with
practical applications (implementation in social infrastructure and
modeling statistical problems). Research results are publishedin
papers and international conferences, contributing to bridging
theory and applicationin the enumeration algorithm field.

Enumeration algorithm development remains crucial in the big
data/Al era. Its applications are expanding—including decision
support presenting multiple solutions, model selection, and
probabilistic evaluation—making it a field with promising future
applications.
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Query Learning from Semi-Structured Data

Acquisition of Information from Tree-Structured Data via Efficient Query Learning
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Computational Learning Theory
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Query Learning
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Semi-structured data

Computational learning theory is a field that provides mathematical
models of the learning process. It aims to theoretically elucidate the
design of efficient learning algorithms and the limits of their
learnability. Within this theoretical framework, various learning
models have been proposed. One such modelis the query learning
model, proposed by Angluin. This learning model is characterized
by the learner actively asking questions to the teacher, making it
possible to acquire knowledge about the target concept. In this
model, the representation of the target concept is accurately
identified through repeated question-and-answer interactions
between the learner and the teacher. Several types of queries have
been proposed for the questions made by the learner to the
teacher. These include membership queries, which ask whether an
elementisincluded in the target concept being learned, and
equivalence queries, which ask whether a proposed hypothesis
matches the target concept. It has been theoretically proven that
concept classes such as the regular languages can be identified
using these queries.

Assignificant portion of the data present on the moderninternet,
particularly Web documents, is described in formats like HTML and
XML, exhibiting the characteristics of semistructured data. Our
laboratory is working within the framework of the query learning
model to develop efficient learning algorithms for extracting
common patterns inherent in these semi-structured data, and to
theoretically clarify the number of queries required for learning.

Query Learning Model

Types of queries
: Mmbeimhip Gy — Target Concept L.
+ Equivalence Que = T
e ey Learner c: Teacher
—
answer
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Visualization of heat and mass transfer in human body using

Magnetic Resonance Imaging (MRI)

wim B pror Kagayaki Kuroda

https://researchmap.jp/kagayaki-kuroda
O https://www.u-tokai.ac.jp/facultyguide/faculty/2571/ ™ kagayaki@tokai.ac.jp
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MRI Temperature Neurofluids

WEDEETIZQOL(Quality of Life) #RD7=HIC. %3
NEBEEEDFT D OBVABENREE T ZHBBEHIK
HENTVET, COLSBREDIDICIFERNDOERF ER]
BT HEMHBARET LTI MRI(Magnetic Resonance
Imaging. BE K HISER1LIR) I3 HL R tF?V@*HHT’FFﬁ
ZHALTEFHNORTFOFREAAETEICLED,
BROMBETIEZDOMRIZERA LT_EMSW(D?& WE &
RICEDLZIYMEBEEBOHAZERT VL TUATOMEE
ToTVET,

(1) KFERF RO SIS R B RN B AR E I L)
TBLEMBLIEREEDHOIFREBERL

(2) AR DR EEY O3 L RICE W THOMRE| 2 RT-7
IR DRI (neurofluids) DEIRED BIR1L

Q) ERICERESFIBEDHIAFNIEEDOMRIBRELZEED
i

(4) W ABEEE (hyperthermia) ICB 1T B IAR D BHEF
BEODHOBEARET I ZE>IIal—23>

(5) TLZREREBROEAERNICS ITBHE  HREDOFIRIL
CHRER

Fig. 1 MRXO system in Tokai University Hospital

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR

In modern medicine, minimally invasive treatments with high
therapeutic effectiveness are increasingly required in order to
maintain a high quality of life (QOL). To achieve such
treatments, techniques for visualizing information inside the
human body are indispensable. Magnetic Resonance Imaging
(MRI) enables noninvasive visualization of internal structures
and physiological information. Our laboratory focuses on
developing methods to visualize physical quantities related to
heat and mass transfer in biological tissues. Our main
research projects include the following:

(1) Temperature imaging based on the resonance frequency
and relaxation time of hydrogen nuclei

(2) Visualization of neurofluids' dynamics, which plays a
primary role for neurologic waste clearance systemin the
brain

(3) Safety evaluation of MRI examinations for patients with
implantable medical devices using numerical simulations
and experiments

(4) Numerical simulation of electromagnetic and thermal fields
using numerical human body models

(5) Elucidation of morphological and physical property
changes in the pupal stage of holometabolous insects

A .
Fig. 3 Cardiac- (a) and respiratory-driven (b) motion of cerebrospinal fluid
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Contributing to innovation in industries using
technology to measure the mind and body.

https://researchmap.jp/motoharutakao
O https://www.u-tokai.ac.jp/facultyguide/faculty/3008/

w1z S HE TCPE  Prot. Motoharu Takao "»
N motoharutakaolab@gmail.com o
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REEBRS N 26
Visual Physiology Erogonomics Lighting

CNETENCEMOO M ZRZEMZEBWT O &R
DEREICBCERAREZMEL TE . COMETE
JONDEFEHNLTEERF O DEFOAAASHAD I —
EVTFICET 2 M- AR ZZ<DRFELITOTWVD £
NEDHRZREFICTA— RNy T2cZBLTHIE
BA/NR—=T14IREROBRICHMIMLTVWR.&IETIE
N=FvIIUTUTAICEDONE-BU-FESIBFOENHNE
ST HITo>TUL S,

BFEFELTTRODLDODEIFEND,

(1) RRZEE - T I3 RPARBORRICHIT TRE LR
ReEEZMICRTF L e IERHnERR THAED
BRETBILPTWRIEZRMT 5Bl L7

(2) IR = £ B RICFHAI T 2RI E TV RBICERDP Y
WL ZEREY LT,

Q)AERSBEOEHMABRZEEFHICTM T 2RMZz6E>
TRVWERNZRL.REBEBEATHREIN G VINE
DRETFEERAH LT

@ N=FwI)T7 )T DIREREEFIBZ2HIFHET 2FE
%EETL L/TCO

My research has focused on developing lighting environments that
promote comfortable sleep and overall health, utilizing
technologies to measure the physical and psychological states of
both humans and animals.

Leveraging the expertise gained from this research, | have been
collaborating with various companies to conduct evaluations and
research on product usability from both physiological and
psychological perspectives. By feeding these findings back into
the design process, | have also successfully contributed to the
development of new, innovative products.

More recently, | have been conducting research aimed at the
qualitative improvement of caregiving, welfare, and nursing fields
through the use of Virtual Reality (VR).

Specific examples of my work include:

(1)Optimizing lighting environments for health: Physiologically
examining the optimal wavelengths to promote and maintain
health, which has helped, for instance, in creating more
comfortable environments for residents in elderly care facilities.

(2) Developing comfortable pillows: Utilizing physiological sleep
measurement technology to study and design pillows that
facilitate comfortable sleep.

() Designing engaging toys: Establishing a design methodology
for toys that induce deep concentration and prolonged
engagement by using a technology to physiologically evaluate
the conscious experience of attention and absorption.

(4)Establishing a physiological evaluation method for assessing
the sense of realism (presence) in Virtual Reality.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Research on High-Quality and Highly Advanced Optical Thin Films

Exploration of New Film Deposition Methods

iz E‘@ *ﬁfg Prof. Hiroshi Murotani

https://researchmap.jp/murotani_Thinfilm
[ https://www.u-tokai.ac.jp/facultyguide/faculty/2835/ W murotani@tokai.ac.jp
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Stress control of thin films

HFERIIHDBZBE RIFERZFEH T BDICAAXNTY,
ZFD=DTHBHBEAICHEFBEDHD I EEDONDLSITH
ERRF-WBIBTAVSNATVET (FIZIE. TIRILAX
T AI— R I L= =) ISICFBEOELN
BRBHHLN>TED NFRAL T TR BEFE.RELRY
ICHZLDH VT —ICHAVLNTVWET, ZDDH HF
TEIRICKRDOSNDMBEDE LRI NFR/RME T TRAFARIE
HEMEPEHEREREDROSNETADHAEETILNE
FEEOEMEl SRt ZENCLTIHELTVET. £
DIeDISANY RV EBZEEREZRFFCITS FLLAK
BEAEZRRELELI(BA-8E -1 E-BE TR IS,
TR A -EUREEFHEEER) . COFETBWVWTER OS5
B SERR D IR I SR BIE S TERE DRI EREL L K - BRK
MOHFIEREICEDIBATVWET SHICCDF AT HES
BELTHLLWIEEDS50E B XSMono-material
Multi-CoatinglZpITh L & L7zo CHUI ERBEHIANTHEL
MRITER T2 LWLWETTH D REEME O ZEIRBEED S
RSB M T, £fo. TNSDIFEDFHESEICDWLT
BHIAREITOTVET, TSICISOMIERIISHEDEREICH
BhoTWET,
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Sputtering target
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evaporation area
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FARLEHLOBIREE DR LB ER

SR [ R

Refractive index control of thin films Low optical scattering loss thin films

/us Dome rotation
E__%— Substrate
\ .l )

Sputtering area

SRR ERELIGRAL

Optical thin films are essential for controlling light transmittance
and reflectance. Consequently, as the saying goes, “Where there is
light, there are optical thin films,” they are invariably used in optical
components and products (e.g. digital cameras, smartphones,
lasers). Furthermore, the fields where optical thin films are used are
expanding. They are employed not only in optical products but also
in numerous optical sensors for automobiles, home appliances,
and more. Consequently, the performance required of optical thin
films extends beyond mere optical properties to include
anti-fogging and high scratch resistance. My laboratory focuses on
research to enhance the quality and improve the functionality of
optical thin films. To achieve this, we have developed a novel fim
deposition method that simultaneously performs sputtering and
vacuum evaporation (patented in Japan, Taiwan, China, and South
Korea; US and EU patents pending). Using this technique, we are
working to control film stress, film refractive index, light scattering in
optical thin films, and hydrophilicity/hydrophobicity. Furthermore,
using this method, we have successfully created a novel structure
for optical thin films: a Mono-material Multi-Coating exceeding 50
layers. Thisis a new technology where both the substrate and the
films are made entirely from the same material, freeing us from
material selection constraints. We are also researching evaluation
methods for these properties. Additionally, we are involvedin
developing ISO and JIS standards.
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Next-generation gaze estimation t

oward daily-use devices

Multifaceted approaches leveraging visual and optical properties

wz TTH JAKE

ARAA—IVY

Corneal imaging Po

MRARETIE AR B ENICHA TN SRKRDER
ZEEL. CETELRKIMREOHRICAIT TS ANICHE
EEDTUVET,

(V) ABBEAR—D T
AEREICRHT LICRE G2 I 570 RGB-IRIXS %
RAWEERL - HIREHFEICIDEATVET (K1) E5IC.
RO =X R e B ICEAHZMELICERZERLER
Wik (R2) P21 —UBEZHET 2 FEOAERREZEDHT
Ak 3

() ReARmER

R ERELARFTRATRE T RTLAUBZIBET 51
DITEFRNLEDZMBICRRE T 2HENHD L LT CDM
BICH L CRBET A AT LA D SR ENZ DRI
BEHIBIET TARILAAICLEDZRE Y 2 LR <iER
REWE Y B BFEICEDEATVET (K3).

(3) mE R REA
REDNECTA AT LA RIRICHIGT 570 REDERR
MEREZERL T A LABEERICFA R REESZ
RTNIBFEERELTVET, F/c BB-BEFLEE AV H
AAXZZHAEDOE  FEERRKESH THZITI/OTY
TR EZF AT BMEICOMDBATVET,

(4) ;BB 1EAREREED

RZEICEWT WAEDES) L IREGCEE DBEH SRR
ERETAFEEMBELTVET, COFEMICED. BRFR
CICBH TN o e EE RSB v L —
2V L CEE S LIDARTRHE LIS TE IS 5248
HEZAREC TR BIEL TV ET(K4),

1 (Fig. 1) 2 (Fig. 2)

B Prof. Kentaro Takemura

https://researchmap.jp/kentarotakemura
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3725/ M takemura@tokai.ac.jp
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Takemura Laboratory studies various technical challenges in
eye-tracking to realize a future in which eye trackers are used as
daily-use devices.

(1) Corneal Imaging

We are investigating pupil-iris tracking using RGB-IR cameras
to extract environmental reflections from the corneal surface
(Fig. 1). In addition, undistorted images are generated based

on the three-dimensional geometry of the eyeball, and they are
used to detect gaze objects (Fig. 2) and user locations.

(2) Gaze Estimation with Polarization

Near-infrared LEDs were placed at the display corners to
solve the geometric relationship between the eyeball and
display. In contrast, our approach focuses on the

polarization characteristics of light from LCD panels to enable
the estimation of the point-of-gaze without installing
near-infrared LEDS on the display (Fig. 3).

(3) High-Speed Gaze Measurement

We propose presenting imperceptible reference points on the
screen, considering the critical flicker fusion frequency of
human vision, to adapt to large display environments. We are
also studying high-speed eye tracking by combining the
bright/dark pupil method with event cameras to

measure involuntary eye movements, such as microsaccades.

(4)Smooth-Pursuit Eye Movements

We are studying methods for identifying

gaze objects by calculating the correlation between object
motion and eye movement in real environments. This
technology enables the incorporation of wheelchair-mounted
sensors and wearable eye trackers

without hardware calibration, making it possible to determine
whether the user focuses on pedestrians detected by LIDAR
(Fig. 3).

Electric wheelchair

524 (Fig. 4)
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Advanced study on geometric algorithms and applications

His 5a fTJ'-E Prof. Xuehou Tan
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Watchman route algorithms
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Two-center problems

757 DOEREF

Stretch factor

Our researchis focused on computational and discrete
geometry.

Particularly, our main research themes are 1) geometric
algorithms on the watchman route and related problems, 2)
two-center problems, and 3) the stretch factor of planar graphs.

1) For a given polygonal region P, the problem of finding a
shortest route such that every interior point of P is visible
from at least one point on the route is called the watchman
route problem. The watchman route problem is NP-hard, if P
has holes. In the case that there exists no hole in P, efficient
algorithms can be developed; many of them are presented
by Tan Lab.

2) For a set S of given points, the p-center problemis to find p
circles or balls of the minimum radius such that all points of S
are covered by the union of p circles or balls. Although the
p-center problem is NP-hard, efficient algorithms can be
developed for small values of p. For the 2-center problems,
Tan Lab has presented several optimal or near-optimal
algorithms.

3)For aplanar graph G, the stretch factor of G is defined as the
maximum ratio of the length of the shortest path between
any two points of G to its Euclidean distance. The currently
known best stretch factor is 1.998, due to a study on the
Delaunay triangulation of a point set. For a set of pointsin
convex position, this stretch factor has been improved to
1.73 by Tan Lab.

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR 042
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Research on Digital Media Technologies for Building a Safe and Secure Society

Development of Information Systems to Support Behavior and Decision-Making During Disasters

#im I I pror. Osamu Uchida
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Disaster Information Processing Digital Media Technology Al
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Due to the impacts of climate change, including global warming,
natural disasters are becoming increasingly severe and frequent
worldwide. In Japan, major damage caused by heavy rainfalland
typhoons occurs aimost every year. In addition, there is growing
concernabout the occurrence of large-scale earthquakes, such as
the Nankai Trough Earthquake and a Tokyo Inland Earthquake, which
are expected to cause catastrophic damage. Tominimize losses
duringdisasters, the rapid and accurate collection, dissemination, and
sharing of disaster-related information are essential.

Uchida Laboratory aims to contribute to the realization of a safe
and secure society by conducting research and development on
disaster information systems that utilize information media
technologies and Al. Our current research focuses on the following
themes:

(1) Utilization of Social Media During Disasters

We collect and analyze information posted on social media during
disasters, including text and images, to extract critical information
and estimate damage situations. Based on these analyses, we
develop systems that support people’'s actions and
decision-making in disaster situations.

(2) Development of Tools for Rapid and Easy Sharing of Safety-Related Information
We develop smartphone applications that enable citizens to easily
share safety-related information, such as disaster damage
conditions and the needs of affected people, along with location
data. These tools support quick and effective information sharing
during emergencies.

(3) Application of Information Media Technologies (AR/VR) to Disaster Education
We conduct research on applying advanced information media
technologies, suchas AR and VR, to disaster awareness
enhancement and disaster education, particularly for young
people and international tourists.
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Optical coupling devices for optical interconnection or free-space optical communications / Volumetric 3D display systems

Applying optical technology to the research and development of information and communications and 3D displays

sz BE) || FISR3E  pror. Chiemi Fujikawa

https://researchmap.jp/chiemi_f
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Silicon photonics
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Rotating Mirror Image Helix Pair Screen

[Optical Coupling Device Using Self-Written Optical Waveguide Technology]

With recent advances in silicon photonics (SiPh), there is a growing
need for efficient optical coupling methods between SiPh chips
and single-mode fibers. Therefore, we are fabricating self-written
optical waveguides at the tip of fibers using UV-curable resins and
attempting to optically couple them to SiPh chips. By controlling
the shape of the optical coupling device, we expect to be able to
control the spot size of the output beam.

We are also investigating the application of this optical coupling
device to free-space optical communication. That is expected to
be a promising high-speed communication network during
disasters or in geographically challenging areas where fiber optic
cable laying is difficult. By fabricating microlenses at on the fiber
facet, itis expected that it will be possible to suppress fluctuations
inthe intensity of received light caused by atmospheric turbulence.
A demonstration experiment has been attempted distance of 500
m between the rooftops of buildings on the Shonan Campus.

[Volumetric 3D Display System Using a Rotating Mirro image Helix pair Screen]

We are investigating the practical feasibility of a volumetric
scanning 3D display method. This method enables stereoscopic
viewing from allangles without glasses, facilitates high-resolution
implementation, and features a simple device configuration. By
projecting cross-sectional images corresponding to the desired
height position of the 3D object from a DMD projector onto a
high-speed rotating mirror image helix pair screen,a 3D image can
be perceived using the afterimage effect. Currently, studies are
underway to investigate environmental conditions for improving
visibility and other aspects toward practical implementation.

Upload and
Switch Control

_ Helical Screen

Rotation
Control

..... >
Trigger
Pulse
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Invisible digital information encoded onto an object

QR code that invisible under visible light, detectable by machine under infrared light on a metal substrate

#3581 35—  prot. Shuichi Maeda

https://researchmap.jp/phdpej/
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Anti-counterfeiting
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QR codes Infrared light

Maeda Laboratory studies anti-counterfeiting technology that
embeds digital information into physical objects using imaging
techniques.

Digital information, having become independent of physical media,
can now be easily replicated, transmitted, and manipulated.
Moreover, with the widespread use of generative Al, digital
information can now be manipulated in any manner within the
two-dimensional world. On the other hand, the negative aspect of
this is the emergence of problems such as fake images. From a
security perspective, various forms of counterfeiting have also
become easier within this two-dimensional realm. Consequently,
we developed the concept of enhancing the security of digital
information associated with physical objects by fusing it with
three-dimensional objects incorporating anti-counterfeiting
measures. Here, we present one such example.

Figure 1depicts a QR code inscribed onto a metal substrate. Itis
invisible under visible light (Figure 1(a)) but detectable by machine
under infrared light (Figure 1(b)). The fabrication method involves
firstinscribing the QR code as alatentimage onto the surface of
metallic niobium using electrophotographic or photolithographic
techniques. Next, by controlling the voltage during anodization to
regulate the thickness of the oxide film (enabling the expression of
various colors, as shownin Figure 2), the background area appears
the same color under visible light, while different shades are
expressed under infrared light. By inscribing digital information (in
this case, a QR code) onto an object (in this case, metal) that is
invisible to humans but detectable by infrared cameras, the
security of the digital information is enhanced.
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Research on Behavior and Cognition in Virtual Environments

Differences in Human Cognitive Behavior Between Real and Virtual Environments

iz B FIZE  rroft. Kazuhiko Hamamoto
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Hamamoto Laboratory conducts research onthe fundamentals and
applications of virtual reality and augmented reality. While our applied
research primarily focuses on developing learning content for the
medical and educational fields, here we introduce our research on
human behavior and cognition within virtual environments, which we
consider a foundational technology.

Virtual means “different in form but identical in essence,” and ultimate
virtual reality is indistinguishable from reality. However, current virtual
reality technology is still developing and remains imperfect. This
means that in today's virtual environments, it is unlikely that the same
level of information comprehension and cognitive behavior asin the
real world can be achieved. As the term “digital twin” suggests,
applications now treat virtual environments as equivalent toreal
ones. Therefore, itis crucial to clarify how information
comprehension and cognitive behavior in virtual environments differ
from those in real environments, and if they do differ, how they should
beimproved. Ecological cognition, which arises from interactions
between the environment and the self, is particularly important.

Hamamoto Laboratory first conducted research on reaching—the
action of extending one's hand to grasp an object. They
demonstrated that the perceived “reachable’ distance differs
between virtual and real environments. They also showed that
placing an avatar reflecting one's physicality within the virtual
environment, combined with sufficient activity experience ina virtual
environment rich in environmental information, allows for the
attainment of the same judgment distance as in reality. Furthermore,
this research revealed that when embodimentis not reflected in the
virtual environment, prolonged experience inthe virtual environment
candisrupt ecological cognition in the real environment.

Alongside cognitive behavior, a key challenge is reducing VR
sickness. Hamamoto Laboratory is currently conducting research
using Al to predict the onset of VR sickness based on eye movement
patterns during virtual reality experiences. Thisresearch aims to
clarify the relationship between the occurrence of VR sickness and
autonomic nervous system activity, the relationship between
autonomic nervous system activity and eye movement, and, based
ontheseresults, the relationship between VR sickness and eye
movement. To date, we have demonstrated a relationship between
VR sickness and eye movement when a fixation point is set within
the virtual environment. Currently, based on this data, we are
investigating the possibility of predicting VR sickness from the
time-series data of eye movements.
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Information Technologies for Supporting the Visualization and Utilization of Disaster Information

Development of an APl for Summarizing and Providing Hazard Information Based on Location Data
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Information Media
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Disaster Risk Reduction

Toreduce damage from floods, storm surges, and tsunamis, it is
important for residents to be aware of the disaster risks around
their homes, places they visit, and their surrounding areas.
However, the usage and retention rates of municipal hazard maps
are not high, and it has been pointed out that many residents do not
sufficiently recognize their own risks. Contributing factors include
the difficulty of accessing dispersed data sources and the fact that
hazard maps differ by disaster type and region, making them hard
tounderstand intuitively.

Toaddress these issues, we are developing the “Hazard Information
Qutline API,” which automatically summarizes hazard information
around a specified location and providesit to both developers and
residents. By simply specifying longitude, latitude, and a surrounding
radius, the APl retrieves raster data from the GSI Hazard Map Open
Data and outputs summarized information onrisks such as flood
inundation depth and landslide hazards within approximately 100
meters of the specified point (Fig. 1). This enables developers to
incorporate hazard informationinto their applications without
complex data processing, and allows residents to easily check
disaster risks from their smartphones or PCs.

Inaddition, we provide a web application that utilizes this API (Fig.
2). The application displays surrounding maps, designated
emergency evacuation sites, and various hazard informationinan
integrated format, helping enhance residents awareness of
disaster risks. Through this work, we aim to build an information
platform that promotes risk awareness and contributes to
strengthening community resilience.
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Media Use Based on Human Factors
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Vision Stereoscopic images

Shibata Laboratory conducts research from an ergonomic
perspective on the design of visually comfortable content, the
development of interfaces that reduce fatigue and strain, and the
effective use of media. Our goalis to create comfortable and
functional media environments through laboratory-based
experiments, classroom practices in educational settings, and
fieldwork related to cultural heritage.

With regard to the visual comfort of stereoscopic images, including
VR and MR, we investigate methods for enhancing the benefits of
depth representation and functionality while reducing visual fatigue
inusers. Many 3D display systems, including head-mounted
displays (HMDs), suffer from the vergence—accommodation
conflict, making optimized content design and presentation
strategies essential. By combining biometric measurements with
subjective evaluations, we examine the conditions and methods
that enable comfortable stereoscopic viewing while fulfilling the
intended purposes. In addition, we conduct research on the
application of stereoscopicimages and AR/VR/MR technologies
in school education (Fig. 1).

Inour research on health support related to digital device use, we
place particular emphasis on children’s use of digital devices for
learning. To address prolonged screen viewing at short viewing
distances—a well-known contributor to visual fatigue —we are
developing systems that monitor viewing distance and posture
during device use and encourage improvements in viewing
behavior (Fig. 2).
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Research on issues in the information society

Clarification of people's awareness and attitudes toward issues in the information society

#im AL BHEF  Prof. Yukiko Maruyama
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Information media

Information society
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Information education

Maruyama Laboratory conducts research on how information
systems affect individuals and society. The use of technologies such
asinformation media, represented by social networking services
(SNS),and artificial intelligence (Al) brings convenience to social life,
but it also raises various issues and debates, and may potentially
create disparities and divisions among people. Moreover, some
individuals feel risks or anxiety regarding these technologies.

Insuchasociety, individuals are expected to understand the
problems caused by new technologies as societal issues and to take
appropriate actions to address them. Specifically, it isimportant to
have adequate knowledge about technology, evaluate its benefits
andrisks, and assess its impact onindividuals and society. However,
the specific knowledge and skills required for this are not yet fully
established.

AtMaruyama Laboratory, we focus on investigating, analyzing, and
discussing people’s awareness and attitudes ina society where
information mediaand Al are widely utilized.

Research themes include:

1)Research onawareness and attitudes toward information
consumption behaviors

2)Researchon parents attitudes and awareness regarding
programming learning at home for elementary school children
3)Researchonusers wilingness to participate in discussions about Al

Specific research topics are as follows:

1)Inasociety overflowing withinformation, itis important to have an
awareness and attitude aimed at actively and autonomously
consuming information in a balanced manner. However,
understanding and controlling one's information environmentis
difficult,and supportis needed. By clarifying people's awareness and
attitudes toward information consumption and categorizing groups
based on theirinformation engagement, it becomes possible to
identify the characteristics of each group and provide more effective
support.

2)Programming education was introduced in elementary schoolsin
2020,and home-based learningis also expected. By investigating the
behavior and attitudes of parentsinvolved in their children's
programming learning at home, and clarifying how their expectations
for programming education and attitudes toward involvement
influence their actions, we can gain insights that facilitate smooth
implementation of programming education.

3)Public participationis considered essential in discussions regarding
the development and implementation of Al. However, researchonthe
attitudes of the general public toward participation in such discussions
is limited, and clarifying this is considered highly meaningful.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Analysis and Design of Nonlinear Systems

Using Intelligent Control
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Intelligent control Nonlinear system Modeling
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Most phenomena around us can be considered complex nonlinear
systems rather than linear systems based on the superposition
principle. Generally, nonlinear systems are difficult to analyze
mathematically. Furthermore, system analysis and design methods
oftenrequire specialized techniques, and there are few generalized
methods applicable to nonlinear systems.

We proposed a piecewise system that constructs a model by
connecting rectangular regions in a tiled arrangement. This system
offers the flexibility to adjust modeling errors by arbitrarily changing
the size and number of piecewise regions. We derived stability and
stabilizing conditions for continuous-time and discrete-time
piecewise systems.

We are researching control system design, analysis, and system
identification techniques for nonlinear systems using piecewise
models, with the goal of establishing design and analysis methods
for general nonlinear control systems. Regarding design and
analysis methodologies, we aim to propose solutions for
multivariable optimization problems by applying machine learning
inaddition to conventional nonlinear system analysis techniques.
Furthermore, our efforts extend to optimizing these modeling
techniques and their practical applications aim at contributing
valuable insights to society.
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Intelligent Information Processing Using Soft Computing

Development and Application of Algorithms for Intelligent Information Processing
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Fuzzy search system

Wavelet network
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Optical wave microphone

Samatsu Labo. studies development and application for
human-friendly intelligent information processing algorithms using
soft computing technologies. Soft computing is a methodology for
handling ambiguity inspired by human cognition and natural
processes; it excels at analyzing complex systems, including those
involving humans. While contemporary Al—largely dominated by
neural networks—is highly capable, it faces challenges such as the
requirement for massive datasets and the "black box" problem
(lack of interpretability). To address these issues, our research
focuses on the following three pillars:

1) Development of Basis Function Networks: We have developed a
proprietary Basis Function Network using wavelet functions. By
integrating mathematical elements such as series expansion, we
have achieved high generalization capabilities.

2) Development of Search Systems: Based on fuzzy theory, we are
developing a car-purchase support system capable of "ambiguous
word" searches. Our research enables the system to handle not
only physical descriptors like "round" or "small" but also subjective
adjectives such as "cute."

3) Practical Application of Optical Wave Microphones: We are
working on the development and performance enhancement of
optical wave microphones that measure sound using laser light. To
improve the Signal-to-Noise (SN) ratio, we aim for practical
implementation by developing dedicated receiver chips and
integrating various intelligent information processing techniques,
including our own unique methods.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Our missionis to provide user-friendly speech technologies and to
improve speech communication. One of our major areas of
research includes creating the technology to provide barrier-free
public address (PA) announcements during an emergency.
Speech intelligibility is generally poor inlarge indoor public spaces
(e.g. train stations or airports) due to environmental noise and
reverberation, and this is especially true for older adults, people
with hearing-impairments, and nonnative listeners. We aim to make
emergency PA announcements more intelligible so that users can
receive appropriate evacuation information even inindoor public
spaces. For this purpose, we have adopted approaches based on
signal processing and speech production/perception. We have
demonstrated using listening tests in simulated environments and
halls that our methods improve speech intelligibility for young and
oldindividuals, as well as nonnative listeners.

o

Speech
production/
perception
approach

Signal
processing ‘{>“
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Security Evaluation for Stream Ciphers

Automatic Security Analysis for Cryptographic Algorithm
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Symmetric Cipher
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Cryptanalysis

Stream cipher is a class of symmetric-key cryptography, which
uses the same key for encryption and decryption, and it provides
confidentiality and integrity to data or network. We have evaluated
the security of stream ciphers, eg. RC4 stream cipher. In our
research results, we found the key recovery attack for RC4 on
Wired Equivalent Privacy (WEP), the falsification attack on
WPA-TKIP, and the plaintext recovery attack for RC4 on SSL/TLS.
Recently, we challenge about the automatic evaluation technique
for stream cipher by using statistical method.

= Results

@ Plaintext recovery attack using Known Partial Plaintext Bytes

— Given consecutive 6 bytes of a target plaintext and 23 ciphertexts with different keys,
consecutive 1 petabytes of the plaintext are recovered with probability of more than 0.6

2¥ ciphertexts
Consecutive 1 petabytes

e ()

® Guess-and-Determine Plaintext Recovery Attack
— Not Require any previous knowledge of a plaintext

— Given 2% ciphertexts with different keys, any position of the plaintext byte is recovered with
probability of close to one

@@/ ‘ 2% ciphertexts
F < ANY byte
%? WEP HE!L_‘?'T IB Plaintext Recovery
— °
A~ FoRRA
Fig 1: Attack model for WEP Fig 2: Attack for TLS
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Free-space optical communications, underwater optical communications

Stabilization of Optical Transmission and Reception under Refractive Index Fluctuations

sz =Ll £A  Prot. Yoshihisa Takayama

https://researchmap.jp/kjw-000-7469

[ https://www.u-tokai.ac.jp/facultyguide/faculty/4002/
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Atmosphere

KARETIF DO ERMEHRZFABTEIBERMN THBZE
YCBEDIAEICEDIEATVE T, ZREERIF. FH.
ZR M EEERTSBEOARBENLZRET 2 RIMTD—
DELTEETNTVED,

ERHEEDREICEVWTRRAIRNIFEDND—DOCLT,
EHADWBIARESTOHEENEIFENET. AKES
IHER TR L REINLT—RFDRDDIENMNEEEIR
DEHNECDEFT ZCTARARETIF. ATESTOE
BrEAL.ZELICBELEREFRRTZ-ODHMIT L
T ARESTOFAESTHBEEMLIDSZTaL—
DAV ELSTOHELTERT DNCERME LR IHEM
DREPTHEEITOTVET,

RIS ENTOEEICMATEATOREHERMIC
ToTCVWET FTKPTOXRBEICHCOREMZEAL.
KPP BEROEFBEEERILTIAEADSELTY
£,

ropagation
simulation

Atmospheric
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Optical communications

Qur laboratory is engaged in research on Free-Space Optical
Communication (FSO) that is a communication technology
utilizing the spatial propagation of light. FSO is gaining attention as
one of key technologies for enabling broadband communication
links to connect space, air, and ground.

One of the major challenges to be addressed inimplementing FSO
is the influences of atmospheric turbulence on the propagating
light. When atmospheric turbulence occurs, errors in data
reception are increased and even disruption of the communication
links occurs. To address this issue, our research focuses on
measuring atmospheric turbulence, simulating light propagation
through turbulent environments, and proposing and evaluating
optical transmission and reception techniques that mitigate these
effects to ensure stable communications.

In addition to indoor activities, we conduct outdoor field tests to
validate our findings under the real conditions. Furthermore, we are
extending the application of this technology to underwater optical
communications to contribute to the development of broadband
wireless communications in underwater environments.

eep-space optical | g
communications
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Visualization of Artisanal Techniques in
Fruit Cultivation Using Deep Learning

#is P B/ pror. Naoki Morita

[ https://www.u-tokai.ac.jp/facultyguide/faculty/3191/ ™ morita@tokai.ac.jp

Al REXE thig x4

Agricultural support

HOWRETIE BIEMORIEICH VW THEE O DR
CEBEF—T5— 2 EERALTRISITECL
EHBLTLET,

Al M ZRBEODFIERTIHEA L EXIE FHHEK TR
FEL TS ROV THBLVOERZFELEYRAURTE
BEEHBIZIRENIBAICEIADNTVWET . CNE%
KRBT ZDICIE HIEOK B ZATHER M ORHEN
RHDESNFET,

FAEETIE (D) TRUORKZBHLIBEI B 11FEZX
&95. QAR50 ERB LA ZB5 IR 2 EY
5.3 NEEEZTHIT B HDAIZRRELTVED,

CNSOWMDBAE. BERDEEADHEREDIRE L.
HIFEEDONE - REDOREICKWCEBMLTLWET,

Community support

In my laboratory, we are trying to "visualize" the knowledge
and experience of experts in crop cultivation using deep
learning.

There are many attempts to use Al technology in the field of
agriculture, for example, automatic operation of a tiller, or
pinpointing insect-eaten leaves and spraying pesticides with
adrone.

We are developing Al for (1) recognizing grape branches and
assisting in pruning, (2) recognizing grape grains and
assisting in thinning, and (3) predicting the yield of grapes.

These efforts are contributing greatly to the promotion of
new farmers to Japanese agriculture and the stabilization of
yields and quality throughout the region.

[ 19 WEOH LS RN WS  MEMEOY YDk L]

ERMRAE (73] GEFEA (5] MRAH)EEEOCHNRT < W6 EBLOCHR(T ) [WuEal-tas
i \/
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Research on router metabolism against malware infection

Removing hard-to-detect malware programs from routers

#i8 F LU $E—  Prof. Junichi Murayama

https://researchmap.jp/Junichi MURAYAMA
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3816/ W murayama@tokai.ac.jp
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Router Metabolism Security

BENILII7EFBLIEYAN—KREBASHELTUVET,
TANAEZDIL—ZDENICINZ Ty VTN S
RIDD. ETONKRIFFICEETI . EAWGEKIT FRALRE
FERTIN—RIERLEIILII T2 BNL.CNEERRT
BT LD L TILIT T DEBREMHER L BRRIE
HHABRLICHE L TVWET ZC T RNLUARETIE. VIL
D7 EBEROBEICEDST I —FDOVI LI T EEL
BICHIHBIL I B RMICDWVWTHIZEL TV E D,

COEMTIE I —FEREDN R TFLET VI 7S
NIRBIL— 2% EBHNICER L £9. CORBIL—ZIE.
LIES<OBIPNT Y b DEEEITWET, )L —ZAMKIE,
—EREAIRIBTZ EREBIL—2% SR T LD SREIRIC
HELEFT.CORXAIVITREIL—RICERT BT
DITHREIL— B BITHEINE T CO®RFIC
ERENTREBIL—EZDIPNT YR EEELET CDLD
BARIEIL — R DIFFERRFTRAH IS LD IV 7 RERREF
DFHERFAIEPFTETET,

CCTIL—BEEN I BIAPNT Y N EEGETES L
S2RMOREIL—REHAEDLEET . THaHDE—HD
RIEBIL—EZDEEFEIETZBICIE. DS —HDREIL—Z
HRODIZ/NT Y MR EITVET,

BE.COLSBT7ATT7EERILTZOICEEARD
SRET -SRI SE A CICENDIBATVET,

Currently, cyber-attacks using malware are becoming more
prevalent. If network routers are targeted, phishing scams will
occur more frequently. Thus, countermeasure at routersis
particularly important. A basic countermeasure is to detect and
remove malware that has infected routers, by using various ways.
However, advances in malware hiding techniques are making
infection detection increasingly difficult. Therefore, the Murayama
Laboratory is researching technology that periodically initializes
router software, regardless of whether malware is present.

Inthis technology, the router itself periodically generates a
software-implemented virtual router on the system. This virtual
router forwards IP packets for a while. After a certain period has
passed, the router itself forcibly deletes the virtual router from the
system. Here, any malware hiding in the virtual router is also deleted
along withit. Then, the newly generated virtual router begins to
forward IP packets. This continuous renewal of virtual routers is
expected to reduce the damage caused by malware infection.

To ensure that the router itself can continuously forward IP packets
without interruption, two virtual routers are combined. In other
words, if one virtual router stops operating, the other virtual router
will forward packets instead.

For realizing this idea, we are currently designing, implementing,
and evaluating the proposed scheme.

Switching function

Metabolic router

for hitless switching
between redundant

Virtual router A (in active state)

virtual routers

Neighbor N
router

e

Operating Neighbor

router
A
| 4

c.%%

IP packet flow

\
/

,__‘

Generating 2

New virtual router 4
in initial state

|- Deleting malware
by means of
router metabolism

Virtual router B (in backup state)

Fig.1 Overview of our metabolic router architecture
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Research on Information Theory and Information Security

Applying information theory and error-correcting code theory to security

% IJ.IZF '?ﬁ' Prof. Hiroshi Yamamoto

https://researchmap.jp/read0046504
O https://www.u-tokai.ac.jp/facultyguide/faculty/2624/ ™ hiroshi@tokai.ac.jp
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Information Theory Coding Theory Information Security

ILARARETIE SR L E LI ZEBRMTHBMSEHRIE - Yamamoto Laboratory focuses its research on “information
SIS ERIMEREF )T 1ZROCHEEESHTL - theory, coding theory,”and “information security”—the

9 EAMICIR VI TRERICRRIVISVARRTS - foundational technologies underpinning the information society.
BEABHREERMNICTEL. ZOBAFERIE=TEC Specifically, we aim to realize a safer search environment by

T AN B A REEEOEIEEBIE L CWET, £ . theoretically evaluating the amount of personal information leaked

N s s _ . to search engines during web searches and proposing methods to
IURAYE AT IRRICE T SR HET L BRT reduce it. Furthermore, we pursue efficient utilization of

BZCCTAEBBROFALTSFAOMREZBL RN - computational resources and enhanced user convenience
BEHBEROERCNBEONEMEDOE LEZERLTWVWE  ©  throughresearch on methods for predicting processing times by
ToTHICEDETERNSORMEZIGE L ABEQRI—R® constructing computational models in cloud computing

Sl BEEN e EEZEARTRI T HETIYTSE * environments. Additionally, by applying the characteristics of
LTOQRO—RFIBICH T RLLMRLICHEDIEATW - error-correcting codes, we develop technologies for generating

FT CNSOMEREL . EONOEEEOS VT IR . anddetecting spoofed QR codes, along with countermeasures,
HepEEICERLET - . thereby working to strengthen the security of QR code usage as a
I~ - o

social infrastructure. Through these research efforts, we contribute
tothe realization of a secure and highly reliable digital society.

Search engine

4 + 15 A Cloud computation time prediction (line chart)

/ | \| \ 900 and simulation results (bar chart)
800

Server
700

query
controller (Abandon responses to) 600

dummy search strings

6b ]
/ \ x 200 |
200 -

frequency
@
o
o

8
S

(TT = T e .
Queue of File space R e : :
1 — for mirrored 1921232527293133353.73941434547495153555.7596.1
real search s r1ngs computation time [s]
DB of dummy responses
search words d
User * * |H
query |
\ controller /
IT +S When the invisible laser is not irradiated Picture simulating invisible laser irradiation
US er (decoded to www.u-tokai.ac.jp) (decoded to www.u-yokai.ac.jp)
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Predictive maintenance and productivity improvement using machine learning

Predictive maintenance and productivity improvement using machine learning

= ’%‘*{f 5}5’5 Prof. Makoto Imamura

https://researchmap.jp/mimamura
O https://www.u-tokai.ac.jp/facultyguide/faculty/4102/ N4 mimamura@tokai.ac.jp
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Machine learning loT Simulation
loT (Internet of Things) DEZICHEWVWAY—E T+ B - Asthelnternetof Things (IoT) has been emerging and growing,
(LR BEHE.R.ES5ICIF.THBICW3HB350BFF/ - sensorbigdatathatis streamed from various kinds of things such
ICHBRAENTEI T —D BT —2EERE L. EZ4>4, . asindustriafaciliies homes, automobiles, electric appliances or
WEDW. AT AENEL. REXE. ZLT.I—7 smart phones can be available for monitoring, diagnosis,

energy-saving, productivity improvement, quality management
and marketing. We have been studying machine learning
technology in order to optimize the operation and maintenance of

TAVIIERTERLSICBSTERLE.COLORER
DHEWMFEB I Ial—2aryzBVWTHREERROL

TUNETAN—ZEIAERT IS CICEDRRMADE  © ysical systems by creating a digital replica of them with machine
ECRFZRBENTDITAN-TIHILIRTLZREY - learningand digital simulation.
BIHDEMFEBZ ZMHIELTVET, .
W s Eﬁﬁﬂ?*ﬂﬁﬁ LOATLRRER B Prognostics and system health management
BB EZ . E DT : « Anomaly detection, Fault diagnosis, Prognostics
-B%%§IJ7_-“—&7{:/7\777473)[,257_—“”, « Time series datamining, Graphical modeling
m Aﬁﬂ'_ﬁjﬁﬁ Il Human action analysis

Sensor data processing (Acceleration, sound, etc.)

eV TSR (NRE. S - Signal analysis, Motif discovery, Segmentation

K7 L)
Tnﬁﬁﬁfffr EF-TER. ‘l:’ﬁX/ >3y

Replica of things Things

f=LE Kol borir J ) oo [ o

< S Y
Machine El': Analyze Y/

Ea . Learning @ oy
L [C Plan Actuators

ﬁ @ p .ngl._(- )
_ Physical ‘a )
5 __ mﬁ Z? Execute I:i 2 J E:> ¥

Cyber space Physical space
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(1] B, A
[2] K. Furukaw, M.
N Hokari, M. Fub

SIFY KD wIE, 7. 7, RRAE, 2025555,
of 2 Neuron-CHOS-Based Full Adder with Floating Gate Calibration Circutt,” Proceedings of ICICIC 2025, G2-, Aug. 2025.
/e Determination Circult Using a Neuron CMOS WTA with FGC Cirult,” Proceedings of ISPACS 2024, pp. 360-384, Dec. 2024.
I . c. 2024,

(4] H. Sawada, M. F rers," Proceedings of TENCON 2024, pp. 519-522, De
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Neuron CMOS Minimal Fab
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Neuron CMOS and Minimal Fab Collaboration for MinimalDevice IC Design Platform Technology

Advancing Semiconductor Technology via a Short-Turnaround and Iterative IC Prototyping Ecosystem

#is $RR HEEA  pror. Masaaki Fukuhara

https://researchmap.jp/fukuharamasaaki
O https://www.u-tokai.ac.jp/facultyguide/faculty/3268/ W fukuhara@tokai.ac.jp
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Semiconductor Integrated Circuits

At Fukuhara Laboratory, building on our Neuron CMOS circuit
design specialization and combining it with Minimal Fab
manufacturing, we are creating a short-cycle, hardware-driven IC
development ecosystem. Beyond simulation, we develop new IC
design guidelines derived from measured silicon data, advancing
high-function ICs such as neuromorphic computing and improving
each circuit’s performance, stability, and reproducibility.

Neuron CMOS s an IC device that adds multiple capacitors to
standard CMOS, allowing a single device to perform multi-input
weighted-sum and threshold operations based on a mathematical
model of neurons. It delivers high functionality with alow device
count and s relatively insensitive to process scaling. At the same
time, floating-gate charge and dimensional variations can influence
the circuit behavior, which makes simulation alone insufficient;
repeatable on-silicon validation is therefore essential to obtain
reliable design guidance.

Minimal Fab is an IC manufacturing environment that enables
short-turnaround prototyping in days rather thanin the months
typically required in mega-fabs. While there are current constraints
ondevice miniaturization, this pairs well with Neuron CMOS, whose
functionality is comparatively insensitive to scaling. By rapidly
feeding measured silicon data back into redesign, we can
accelerate iterative problem-solving, tightening the loop from
fabrication to on-wafer measurement to revised layouts and
improving the overall efficiency of the development cycle.

We aim to establish an end-to-end IC development ecosystem that
spans circuit design, layout, IC prototyping, on-wafer
measurement, and redesign across both basic and applied circuits.
In parallel, we will curate practical educational assets, including
online courses, IP libraries, PDK extensions, and
environment-setup manuals, so learners can move from theory to
measured silicon without barriers. Through this integrated
approach, we aim to strengthen the talent pipeline and help
energize the broader semiconductor ecosystem by linking
research outcomes with hands-on capability building and
continuous improvement.
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Realizing Safe, Secure, and High-Quality Products and Services

Addressing challenges in healthcare, disaster response, and regional communities through quality management

iz & F MBH  pror. Masaaki Kaneko

https://researchmap.jp/read0136329
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3909/ W mkaneko@tokai.ac.jp
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Quality management

mEEE - RERETERIC.OE B BARAL RS
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BT EHAEDOE  REETORITEIREEZERLET

DEROE - R2 TR GRGRZECERFOERFHRMLE
LA BREBTOCXOBH - -REL RmREEVF
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Healthcare quality & safety

Disaster resilience

Building on quality management and quality governance, we
collaborate with companies, hospitals, and local governments
to visualize and improve the “quality” of products, services, and
operations. We emphasize practice-oriented research that
connects fieldwork and interviews with data analysis and
leads to implementation.

1) In healthcare quality and safety, we work on preventing
incidents such as falls and medication-related errors by
diagnosing and standardizing clinical workflows,
benchmarking across hospitals, and developing quality
indicators (Qls). In collaborative projects, we implement
document management mechanisms that support incident
prevention and drive continuous improvement using
operational data.

2 ) For disaster response, we design and evaluate systems,
manuals, and stockpile operations (medical supplies,
pharmaceuticals, emergency food, etc.) to sustain healthcare
services during large-scale disasters such as earthquakes.
Through drills and verification with municipalities and core
hospitals, we aim to enhance regional disaster resilience.

3 ) For local governments, we support policy planning—such
as fiscal capacity assessment, business attraction, and
tourism—through multivariate analysis and industrial structure
analysis using public financial data and statistics.

4 ) In agriculture, we promote standardization of cultivation
management for onions and rice (e.g., QC process charts) and
design workflows and manuals that incorporate
agricultural-welfare collaboration, improving quality and
productivity while facilitating knowledge transfer.

5) As part of our quality management research, we analyze
third-party investigation reports on quality misconduct to
organize causal factors (opportunity, motive/pressure,
rationalization) and examine measures to prevent recurrence.
We also study the processes and skills of high-performing
retail sales staff and develop frameworks for systematization
and evaluation.
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Application Research of Security Technologies in Information Systems

Towards a Society of Trust and Security

Ass fhlE AR

Assoc.Prof. Yoshio Kakizaki

https://researchmap.jp/kakizakiyoshio/
O https://www.u-tokai.ac.jp/facultyguide/faculty/6324/ W™ y.kakizaki@tokai.ac.jp
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Information Security

WARNEEICEITZBEREF2) T HNT VR ATH
DXICHFBTEFE (Trust) IO ZFEFIE L TULWET
IS BABRE S AT LIZEIDHNAY NI T TRADBITH
ICEVWT BT ERIEOMEMICE L2F A R DRH
EICERDIAATVWE T,

MEOEERAET—<IF T —EROEBKRFTLZY
ICEL2EFaUTOBEISEALTVES THY—E
2R THBRDORAAVEHE=ZFICBER IR ROV
FrvF I OVWCHEIOFDIFUERBFHTARED
EEBHAEZEBC.EBLESNIERXIVEN Ty VT
FRFICERINZVRVERIELE L. CORBEICH
L.DNSEEBZFDOEMPNEKICMA . EHBRTZYICET
BEMABEEEEOBRPOAEREFIEE - BEEZN
EDOBRAAEEM A AN - FIENAES S O EXBIERR
RTERELTVET,

Fro BN AMEEMRE RO Msecurity.txtl D& RAR T
RAERLAD—SRATLICEBRETS2Fa)T0R ) —
BB ORERAEELITOTVET N EDERICHESABLK
SICVBBREANDET VIR T — b RABBEDT 1 —
WRD—0%BH L. RBBORBICALETZ L -BE2RT
DEINHEER IDOBEICATEBEREETOCVET,

YAR—tF2) T4

Cyber Security

B 2T L

Information Systems

My expertise lies in information security governance within local
governments and the establishment of “trust" in administrative
digital transformation (DX). | focus on identifying and visualizing
emerging risks that arise at the intersection of technology and legal
frameworks, especially during critical transition periods like
municipal system standardization and migration to government
cloud services.

My recent research has primarily addressed security issues arising
from outsourced administrative service contracts. | have
conducted long-term follow-up studies on domain name
"drop-catching" through case analyses of COVID-19 vaccination
reservation sites. Through these studies, | demonstrated the risk of
abandoned domain names being exploited for phishing scams and
other malicious activities. In response to this challenge, | have
proposed concrete solutions from both technical and institutional
perspectives, including DNS management measures as well as
legal approaches such as pursuing liability for non-conformity in
outsourcing agreements and examining the applicability of the
Unfair Competition Prevention Act and the Consumer Contract
Law.

Additionally, | have conducted surveys on the adoption status of
the international vulnerability reporting standard "security.txt" and
investigated the actual state of security policy obsolescence
caused by legacy systems. To avoid purely theoretical discussions,
| place strong emphasis on fieldwork such as interviews with local
government officials and surveys. This enables me to provide
policy recommendations that are grounded in real-world
operational realities and contribute to building a secure and
trustworthy digital society.
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Energy-efficient intelligent distributed wireless networks

##E LG TB5E  assocprof. Yamazaki Satoshi .

EIEED https://researchmap.jp/7000002644/ ,,
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Wireless communication networks Machine learning loT

LT ETIEZ.CPS. IoTOEBF M THZEMMEE Y
D=8 FDIATLICBICETAMERRETEDTVE
CEARBICIF. ZRTEEEFEALLEREBEEAR (FIC
YEBICER) PIRILF—NRICEBNERRYET—0
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BHEEZEERYNT—IDHRICEWMDIAT I CIZLD
T.CPS.loTOtF a7t . BEet =B L TVWET.ERK
BISRDADDIEATHEZED TLET,

HWRLT—=25 Ty IEMD 7R
[RoN&G)Y—XOMBANERZEOH DD IRILF—HE
ExRBHNICERNECIZ2EFEEHAALPERERY
J—o7ORIILDIREAIHLET,

HE2oThSEAHETNEZIT—2DIER)

loT(Internet of things)®xw D —UHBWVWTEEELIT—
BZOFBEHER . FE . BEICE W FiAmEEZR
L%,

A3 EBREFEOEFaT7IZER
BIGBEOREE BEF2T7LE (DR ERERFL
ERTOE#ETHOEEREO—DTIBIFREICHITS
FREMICHTEINRNIBELBO>TUET,

HRAARHFEZAVCEREEOEEL
RE2THEARTZELS IS TRy M T—=I D5 IESN T —
ZICH LTAI-EMF B = ER LA BNHERSzRELT
WET.BENICIZEEGHMFEOERBERYNT—7
ISR DR ZEHTVET,

QOur laboratory conducts research and development on wireless
communication networks and their system applications, which are
fundamental technologies for CPS and loT. Specifically, we
propose technologies for wireless communication schemes
utilizing multidimensional domains (primarily focusing on the
physical layer) and energy-efficient wireless networks (primarily
focusing on media access control and the network layer),
demonstrating their effectiveness through theoretical analysis and
computer simulations. Furthermore, focusing on smart agriculture
asanloT application, we perform statistical analysis on data
collected using an loT network actually constructed inside a
farmer's greenhouse, aiming to discover valuable insights. Moving
forward, we aim to enhance the security and functionality of CPS
andloT by integrating Al and machine learning into communication
networks. To address this challenge, research is being advanced
from the following four perspectives:

Perspective 1: “Overcoming” the Increase in Data Traffic
We propose and develop wireless communication methods
and protocols that maximize the utilization efficiency of limited
wireless resources while enabling the ultimate reduction of
energy consumption.

Perspective 2: “Utilizing” Data Generated by loT

We create new value based on statistical analysis, learning,
and optimization of data acquired using loT (Internet of
Things) networks.

Perspective 3: Ensuring the “Security” of Wireless
Communications

Achieving high reliability and security in wireless
communication (at least compared to wired communication)
is challenging and remains a critical issue. Countermeasures
against the inherent imperfections of wireless environments
are essential.

Perspective 4: Advancing Wireless Communication
Using Al and Machine Learning

As mentioned in Perspective 2, we aim to acquire new
knowledge by applying Al and machine learning to data
collected from loT networks. Specifically, we are advancing
research on applying federated machine learning to wireless
communication networks.
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Detection of Consumer "Hesitation" in
Purchasing Behavior and Its Application to Marketing
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Consumer Purchasing Behavior Product Choice Problem Data Science
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Tabata Lab. focuses on applying data science techniques primarily
to practical business operations. In terms of research domains, we
frequently work with POS (Point of Sales) data from the retail
industry, conducting studies such as identifying factors influencing
consumer purchases and predicting purchase opportunities.
However, in the context of e-commerce, by utilizing access logs
(clickstream data) from online shops, it becomes possible to
visualize consumers’ psychological states during the purchasing
process—something that has traditionally been difficult to capture.

Accordingly, the core theme of Tabata Lab. is to combine POS data
with access logs to reveal differences in the decision-making
processes leading to the purchase of the same product—for
example, between consumers who bought after prolonged
hesitation and those who made impulse purchases. By analyzing
these differences from the novel perspective of “hesitation”, we aim
to contribute actionable insights to marketing practice.

QOur approach incorporates not only standard data science
methods such as statistics, artificial intelligence (machine learning
and deep learning), and natural language processing, but also
modeling techniques from systems engineering that treat the
target phenomenon as a system.
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Mechanical design and control system for mobile robots in particular environments

Environmental Understanding and Mechanism Optimization

#iz figiE 522
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Robotics Particular environments
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Mechanical design

There exist special work environments within the manufacturing
industry that are difficult to imagine in general settings. Achieving
autonomous mobility in such environments could lead to
significant labor savings and automation across various industries.
However, realizing this potential requires a deeper understanding
of these environments and the development of optimal mobility
mechanisms tailored to each condition. We present two examples
of mobile robots currently under development in our laboratory.

1.Figure 1shows a robot designed to navigate freely inside steel
bridges for inspection and maintenance tasks. To accomplish these
tasks, the robot must be capable of moving not only on the roadside
deck but also onthe sides and underside of the bridge. To meet this
requirement, our laboratory is developing a mobile robot equipped
with permanent-magnet wheels using neodymium magnets.
Although these wheels employ permanent magnets, their structure
allows the magnetic force to be switched on and off. This enables
the robot to move freely among surfaces, sides, and undersides.

2.Figure 2 shows arocker-bogie mechanism equipped with
omnidirectional wheels. Wheel mechanisms generally have simple
structures and enable high-efficiency, high-speed movement;
however, they suffer from poor terrain adaptability. To address this
issue, the rocker-bogie mechanism has been proposed and has
been applied to Mars exploration robots, among others. However,
this mechanismrequires at least ten degrees of freedom, leaving
unresolved issues regarding the key advantage of wheel
mechanisms—high efficiency. The proposed robot reduces the
number of degrees of freedom by employing omnidirectional wheels.

Fig.1 Mobile robot for steel bridge maintenance

Fig.2 Rocker bogie mechanism with omni-directional wheels
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Broadband optical parametric amplifiers for-high-capacity optical communications and their sensing applications

Wavelength conversion for advanced optical communications and its application to highly sensitive measurements

#Hi% \ﬁfg‘ﬁ ﬂﬁi Prof. Masaki Asobe

https://researchmap.jp/asobe

[ https://www.u-tokai.ac.jp/facultyguide/faculty/3721/ W asobe@tokai.ac.jp

JBiE

Optical Communication
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Optical Parametric Amplifier
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Gas sesing

Internet has been established by the development of optical
communication, which can dramatically reduce the
communication cost. Toward the next generation information
and communication technology, optical transmission with
larger capacity is required. A variety of optical devices have
been developed for optical communication. Such devices are
widely applied to fields other than the optical communication.
Our laboratory is conducting research on optical parametric
amplifiers, which are capable of amplifying light in any
wavelength band that has not previously been used, with the
goal of advancing future optical communication systems. We
are also actively researching the application of highly

developed optical communication technologies to other fields,

such as the generation of optical combs that can
simultaneously generate a wide range of optical frequencies,
and highly sensitive gas measurement using mid-infrared
lasers obtained by wavelength conversion of telecom laser
diodes. These technigues are expected to make it possible to
simultaneously measure strong absorption due to
fundamental vibrations of gas molecules across a wide
wavelength range.
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Integrated Technologies for Underwater Wireless Communication and Power Transfer

Theoretical and Experimental Studies on High-Efficiency Systems
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Assoc.Prof. Mamiko Inamori
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Wireless Communication
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Underwater Wireless Power Transfer
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Signal Processing

This research aims to develop integrated technologies for
wireless communication and wireless power transfer (WPT) in
seawater environments. In recent years, underwater sensor
networks and robotic systems have attracted attention for
applications such as environmental monitoring and resource
exploration. However, seawater’s high conductivity and
permittivity impose significant challenges on radio wave
propagation and power delivery, making it difficult for
conventional technologies to achieve sufficient performance.

To address these issues, we adopt a comprehensive approach
that combines electromagnetic analysis, signal processing
techniques for improving communication quality, system
design, and experimental validation. The primary goalis to
clarify the fundamental characteristics of communication and
power transfer in seawater environments and explore methods
for optimizing both simultaneously.

While future applications are considered, this study focuses on
academic fundamental research. By deepening the
understanding of electromagnetic phenomena in seawater, we
aim to provide scientific insights into integrated technologies for
communication and power delivery, contributing to the
advancement of underwater system research.
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Electrical and optical applications of electronic thin films

Developing new functionalities of electronic thin film materials
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Oxide thin films

MR ETIE. EBBICYER(VO:,, Zn0, Si0,, Ti0) %
UM B AT N A XDBERZT A>TV E T, (FR
TR - ABEERE L THEEERBESI L £I.M3%
ERICKRBOEBEHBN TEZINVARBEBELHD. F
HESMBICEDEAET, RNVEEZBWVDS ERIFHREE
EEEAEEBICEPVWTHBEIT I TEBEBE TNAR
ERICEVWTAS AR AEEBLTVWEI REAEETXT
BZCETHRAMBOBEEEREBLTVET,

BIC NTF O LB IR (VO2) LB EE LIS #EWLW68°CHT i
TAMU EDEBMZ L E R TIERIE-EBEB(IMT)ZRL
FILVOIBRIZFBEMPIEEH I L THERAIERX
AYFUTRRBIEZCHEBEFTNTARENRAICE
HENTVET AMBETIFHERMEZHELTEET
TREAVOEREEHBEZRAL. TEESLIUVEEE
TNAARAEZESO TVEIFFICEBREBEIEICLD] MHz
B 5BEERIRERAL ARV a2 —2HORER
RFEANDICAIPBEFINATVET,

1.E+7

Insulating State

1L.E+6

1.E+5

1.E+4

1.E+3

20 40 60 80 100
Temperature (°C)

RIGHER 73y 5 IR

Reactive sputtering
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Phase transition phenomenon

In Okimura laboratory, functionalities of metal oxide, such as
VOz, TiO2, and ZnO, are investigated with aims of realizing next
generation electronic devices. We have reactive sputtering
setup in the laboratory for deposition of various oxide thin
films. We developed low temperature deposition technique
using rf substrate biasing.

VOz2 filmis known to be an oxide which shows insulator-metal
transition (IMT) phenomenon against temperature. The
realization of the IMT triggered by electric field and light
irradiation pushed this oxide towards potential

candidate for new electronic switching device. We are
studying self-sustained electrical oscillation phenomena of
VO2-based planar and vertical devices. We achieved
self-sustained oscillations over 1 MHz with applied voltage
lower than several V in the VO2-based layered structures.
Such achievements are expected to apply for next generation
oscillation element in computers.

Fig.3VO27L—F —HRFORIREE LB
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Advanced Thin Film Fabrication for Solar Cell Applications

Building Innovative Nanoscale Thin Films through Sputtering Techniques
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Photovoltaics Thin films Sputtering
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Sputtering chamber

Bk
| Copper nitride

Kaneko Laboratory is tackling the challenge of developing
innovative nanoscale thin films for applicationin solar cells. We
focus on copper iodide (Cul), which is known for its good
hole-transport properties. Our research aims to develop a
method for obtaining large, uniform thin films suitable for solar
cell applications. In this study, we first deposit copper nitride
thin films using a sputtering process. This is a technique that
forms thin films in a vacuum chamber through
plasma-assisted deposition. Subsequently, the copper nitride
films are immersed in an iodine/ethanol solution to convert
them into Cul thin films. We believe this wet process enables
cost-effective, large-area treatment suitable for industrial
applications. However, the resulting Cul films contain many
voids, which lead to performance degradationin solar cells
due to charge recombination. We are currently working to
solve thisissue by improving the process for fabricating Cul
thin films. Our efforts toward solar cell applications are
ongoing, and perovskite solar cells with our Cul thin films as
hole-transport layers have shown improved power conversion
efficiency as our research progresses. Furthermore, we have
successfully demonstrated solar cell operation using these
Cul thin films in crystalline silicon heterojunction solar cells. In
the future, we aim to achieve higher efficiency and lower costs
through further technological innovation, contributing to the
widespread adoption of renewable energy.

Copper iodide
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Bipolar plate coated with electrically conductive CNT/PTFE composite film for fuel cell

Application of carbon nanotubes to fuel cells
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Fuel cell
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(1) http://dx.doi.org/10.1155/2013/378752

(2) DOI:10.3390/nan07020031

(3) DOI: 10.1177/1847980419853159
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Carbon Nanotube

Fuel cellis one of the candidate clean energy sources, because
of environmentally-friend and highly efficient energy conversion.
In this study, electrically conductive composite film consisting of
carbon nanotube (CNT) and fluorocarbon resin (PTFE) was
formed and was coated on bipolar plates of a fuel cell in order to
prevent corrosion of bipolar plate surface and to increase the
power generation efficiency.

The CNT/PTFE composite film, fabricated in this study, showed
conductivity of 5 S/cm. The fuel cell using the bipolar plates
coated with the CNT/PTFE composite film was fabricated and
was characterized. The fuel cell using bare stainless steel
bipolar plates showed the maximum electric power of 1.7W.
When the anticorrosion film was coated, the maximum power
was increased up to 2.7W. This result indicates this
anticorrosion coating is a promising process to increase output
power of fuel cells

(1) http://dx.doi.org/101155/2013/378752

(2) DOI:10.3390/nano7020031

(3) DOI: 101177/1847980419853159
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Study-on Physical Intelligent Systems Utilizing Semiconductor Devices

Development of Intelligent Computing Platforms Based on Physical Learning and Edge Al
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Semiconductor Devnces
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Physical Learning Edge Al

QOur laboratory conducts research on next-generation computing
and sensing technologies based on integrated circuit technologies,
actively exploiting the physical properties of semiconductor
devices. Beyond conventional software- and digital-centric
information processing, we adopt a hardware-oriented and
physics-driven approach in which intrinsic physical phenomena—
such as nonlinearity and temporal dynamics in circuits and
devices—are directly utilized as computational resources.
Through this approach, we aim to realize highly efficient and
low-power intelligent systems, with particular emphasis on edge Al.

1) Physical Neural Networks (Physical Learning)

We investigate physical learning frameworks that leverage the
nonlinear and dynamic characteristics of analog circuits and
semiconductor devices, where signal propagation and
transformation within physical systems themselves are regarded
as computation. Based on physical reservoir computing and
brain-inspired computing, this research targets energy-efficient
and high-speed machine learning beyond the limits of conventional
digital architectures. Our work spans circuit and device modeling,
numerical simulation, learning-rule design, and implementation on
ICsand FPGAs.

2) Millimeter-Wave Radar-Based Vital Sign Monitoring

We also study non-contact vital sign monitoring by combining
millimeter-wave radar and machine learning. Minute body surface
displacements are detected to measure heart rate and respiration
without physical contact. IF signal processing techniques, including
range FFT and phase analysis, are integrated with machine
learning to achieve robust estimation under environmental
variations. These methods are further implemented as edge Al for
healthcare and monitoring applications.

3) loT-Based Intelligent Cultivation Systems

Inaddition, we investigate loT-based control of LED hydroponic
cultivation systems. Environmental data acquired by sensors are
analyzed using Al to optimize plant growth and reduce energy
consumption, demonstrating intelligent environmental control
using semiconductor devices and edge Al.

Our research spans electronic circuits, semiconductor devices,
physical learning, edge Al, sensing, and agriculture. We welcome
graduate students interested in cross-disciplinary research
bridging hardware, physics, and intelligent systems.
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Hardware Implementation of Neural Networks and Its Application to Artificial Intelligence

Toward Low-Power Al Hardware

wyz BEAS FRBG

Prof. Kuniaki Fujimoto
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Neural Networks
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Hardware Implementation

Artificial Intelligence

Inrecent years, artificial intelligence (Al) has been increasingly
used in a wide range of fields, including image and speech
recognition. However, many Al systems rely on software-based
processing, which requires large computational resources and
consumes significant power. As a result, power consumption
and processing speed have become major challenges when
applying Alto edge devices and embedded systems.

This research focuses on the hardware implementation of
neural networks, which are inspired by information processing
in the human brain. By directly implementing neural networks
using electronic circuits and actively exploiting circuit
characteristics such as transistors and interconnect
capacitance, we aim to realize circuit architectures that can
perform learning and inference at high speed with low power
consumption. Furthermore, the proposed circuits are applied to
artificial intelligence functions such as associative memory and
pattern recognition, and their deployment in edge Al and
low-power Al systems is being investigated. The purpose of this
study is to contribute to the development of energy-efficient
artificial intelligence hardware based on next-generation
semiconductor technologies.

Conventional Al
(software-based)
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Design of Digital Control Circuit Based on Multi-phase Clock

#im KR FoBl

Prof. Mitsutoshi Yahara

https://researchmap.jp/myahara =5
O https://www.u-tokai.ac.jp/facultyguide/faculty/2300/ W yahara@tokai.ac.jp
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Multi-phase Clock Digital Cir
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Digital circuits have traditionally been designed for operation with
single-phase clocks. Yahara Lab. is conducting research aimed at
establishing a new digital control system utilizing multi-phase clock
signals. In today's highly information-oriented society, the need for
higher-resolution digital signal processing is growing to handle
diverse analog information as digital data. This research
establishes a control method using multiphase clocks and
exploresits new possibilities. Furthermore, this circuitis used as the
basic circuit to construct a Digital Phase Locked Loop (DPLL). We
willthen confirmits potential as a clock source for various
applications within mobile communication devices, where further
expansionis anticipated, through experiments using actual chips.

The characteristics required of a DPLL used as a clock distribution
circuit to various systems within communication equipment include
lock-inrange, pull-in time, output of pulses at regular intervals, low
output jitter,and generation of diverse output frequencies.
However, conventional DPLLs employed a configuration where the
loop was controlled by a single-phase clock. Therefore, control
could only be performed at intervals of at least one clock cycle. To
improve these characteristics, it was necessary to move away from
control using a single-phase clock and develop anew control
method. This research aims to establish a new digital control circuit
using a multiphase clock, and to incorporateitintoa DPLL to
improve its characteristics.
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Chemical sensing
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Surface chemistry
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Basic research on novel chemical sensing methods

#2 B85T 78 prot. Osamu Kanie

https://researchmap.jp/kokanee
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Molecular interactions

Humans will eventually live on the Moon, Mars, and other celestial
bodies as technology continues to advance. The space available to
astronauts in such artificial environments is limited and forms a
closed system compared with that on Earth. Environmental
sensing and control are therefore crucial. Although
biomolecule-based sensing mechanisms, such as those utilizing
proteins, offer high specificity, they often suffer from poor
thermostability. We envisioned that more stable chemical sensing
elements would be suitable for long-term use in distant locations.

Surface-modified porous silica materials carrying small organic
molecules within their pores may serve as potential substitutes for
biosensors. Monosaccharides, particularly those with
six-membered pyranoside structures, are especially suited to our
objectives. Thus, we synthesized a series of protected
monosaccharides carrying linkers with carboxylate handles, which
were incorporated into silica pores through amide linkages to
examine their interaction preferences toward a variety of
chemicals.

Confocal Raman microscopy is currently employed for detection
purposes, asit is well suited to observing molecular interactions
occurringinaqueous solution. Our research revealed (1)
preferential interactions with nitrophenyl compounds, (2) their
applicability in diagnostic systems using chromogenic enzyme
substrates, and (3) synergistic interactions with chlorogenic acid
achieved through mixed surface modifications.
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Studies on functions and mechanisms of natural products

Analysis of functional components and utilization for QOL
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Assoc.Prof. Yasuhiro Kuroda

O https://www.u-tokai.ac.jp/facultyguide/faculty/3393/ ™ kuro@tokai.ac.jp
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Natural products
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Functional component

Immunology

The plant includes functional components such as an
oligosaccharide or a polyphenol. For example, the indigestible
oligosaccharide provides intestinal regulation and activates
immune system. The polyphenol can remove excessive
active-oxygen species in living body. These functional
components are effective in preventing a disease such as
allergy or life-style related disease. Therefore, we aim to find
out functions and mechanisms in natural products, and
develop functional foods or supplements containing
functional components in the future.

Graduate School of Science and Technology, Tokai University RBAFERFE R MBI FHER 076

%
o
b1
I
=
3
|
z




FHETFI—-X

MR FCCTIEIC & B Ruilid D = R i th

fHERY NI = DEREICH

3D analysis of brain tissues using synchrotron radiation nano-CT and micro-CT

Analysis and application of neuronal network

#12 IKD P8 prot. Ryuta Mizutani

https://researchmap.jp/rmizutani
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3087/ M ryuta@tokai.ac.jp
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Brain
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[1] Mizutani et al. (2023) Plos One 18, e0287646.

[2] Saiga et al. (2025) Sci. Rep. 15, 25091.

Mouse-mimetic DDIM
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Synchrotron radiation

Cerebral neurons form a 3D network that exerts a variety of
functions. Mizutani Laboratory focuses on 3D structural
analysis of brain tissues, including those of human [1] and
mouse [2], using synchrotron radiation nanotomography
(nano-CT) and microtomography (micro-CT). Analysis of
human brain tissues of schizophrenia cases [1] revealed that
(1) neuronal cell bodies shorten to 0.8 times that of controls,
and that (2) the curvature of neurites increases to 1.6 times.
These two structural parameters enabled the identification of
schizophrenia. Furthermore, both parameters correlated with
the auditory hallucination score, suggesting that drugs can be
developed by targeting these structural changes. Analysis of
mouse brain tissues [2] demonstrated that the transmission of
action potentials between distal neurons should be
suppressed in the mouse brain. We implemented this feature
in generative Als, and found that the mouse-mimetic Al
outperformed the standard Al in generating cat face and
cheese photos (Fig. 1). By mimicking mouse neurons, we may
have reproduced the characteristics of the mouse brain.

Life Science and Technology
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Development of Automated Treatment Systems Supporting Future Emergency Medical Care and Critical Care
Medical Application of System Control and Physiological Modeling

iz %* 9%:}% Prof. Tomohiko Utsuki

https://researchmap.jp/read0068458_0831
O https://www.u-tokai.ac.jp/facultyguide/faculty/3879/ ™ tom.utsuki@tokai.ac.jp
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Automatic Control
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Physiological Modeling

BERYAT L

Therapeutic System

Inrecent years, while advanced treatments such asregenerative
medicine and organ transplantation have progressedin Japan's
emergency and intensive care medicine, issues such as rising medical
costsand shortages of physicians and nurses have also been reported.
Therefore, to enhance treatment effectiveness while controlling
medical expenses and reducing the burden onmedical staff, the Utsuki
Laboratory is developing asystem that automatically regulates a
patient's physiological state to a physician-defined desired condition.

Previously, specifically for clinical hypothermia therapy—used to
protect brain cells, particularly in post—cardiac arrest encephalopathy —
we developed an automatic control system capable of achieving the
target brain temperature without manual adjustment. As shownin Fig. 1,
this systemhas already been applied in actual clinical settings,
achieving high precision with an average control error of 0067 °C.

Currently, we aim to develop a system that simultaneously performs
automatic control of physiological variables such as intracranial
pressure, cerebral blood flow, and cerebral metabolism—parameters
emphasized in various treatment guidelines—in addition to automatic
brain temperature control. Toachieve this, we are constructinga
computable integrated model that simulates how brain temperature,
intracranial pressure, cerebral blood flow, and cerebral metabolism
change under blood cooling, osmotic diuretic administration,and
ventilator management. Based on analyses and control simulations
using this model, we are designing anintegrated automated control
system.

Lookingahead, asillustratedin Fig. 2,1am confident that a future will be
realizedin whichroutine tasks inemergency andintensive care
medicine are performed by such systems.
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= Treatment based on an overall assessment of the patient's condition
* Treatment based on skilled techniques and experience
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= Focused exclusively on advanced medical care

Cold W*}.
ControlUnit = Production@nit

Information & Executiont lSupervision & Command

’ Automated Treatment Systems l

* Regularly performed emergency/ICU procedures
+ Treatments that can be performed by automated control systems

+ System identification of characteristics and physiological states
that cannot be measured directly

BN

Fig.1 Clinical Application of the Automatic
Brain Temperature Control System

Fig.2 Future Interaction between Medical Staff
and the Automated Control System
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Advancing Non-Invasive Medical Technologies through Physical Energy

Pioneering Measurement and Control for Safer Healthcare

gz BE It prot. Tetsuya Torii
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Non-invasive medical technology Physical energy Biomedical Measurement & Control
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This laboratory is dedicated to realizing safe and painless
medical care by developing non-invasive medical
technologies. Achieving safety and non-invasive medicine
requires technologies that continuously monitor the patient’s
condition, detect abnormalities early, and respond promptly.
Furthermore, it is essential to establish methods to eliminate
pain during treatment and examination. Guided by this
philosophy, patient-friendly medical technologies are
developed using physical energy, such as magnetic and
optical energy.

Current research focuses on two main themes: the effects and
evaluation methods of transcranial magnetic stimulation
(TMS) used in the treatment of neurological and psychiatric
disorders, and the development of early detection
technologies for blood coagulation in extracorporeal
circulation. In TMS, the goal is to improve stimulation accuracy
through magnetic flux density measurement and analysis,
while in blood coagulation detection, technologies are being
developed to enable early detection and enhance clinical
safety. These studies address critical issues directly linked to
improving safety and optimizing therapeutic outcomes in
clinical practice.

Both research themes involve the use of physical energy—
one seeks beneficial effects on the human body, while the
other requires avoiding any adverse impact. To address these
challenges, the approach emphasizes not only software
analysis and simulation but also experimental validation,
leveraging precise energy management technologies to
develop reliable medical technologies.
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Quantification of Chemical Manufacturing Processes

Creating manufacturing sites that connect the past to the future based on chemistry

#i2 LU F2{R  Pror. Yasunobu Akiyama

https://researchmap.jp/read0171920
O https://www.u-tokai.ac.jp/facultyguide/faculty/2934/ N yakiyama@tokai.ac.jp
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Akiyama Laboratory conducts systematic research from
chemical processes of ancient civilizations to cutting-edge
modern manufacturing technologies, exploring a wide range
of subjects from the perspective of chemical engineering and
contributing to the advancement of society and industry.

Specifically,

(1) Iaim to elucidate the manufacturing process of faience, a
technology that was widely utilized in ancient Egypt but later
replaced by glass and ceramics and has since become a lost
art. By applying state-of-the-art scientific techniques to
uncover its principles and reproducing the methods and
materials once employed in antiquity, our research seeks to
deepen the systematic understanding of this lost chemical
technology and contribute new insights to the history of
chemical engineering.

(2) Focusing on thermal CVD, we construct chemical and
physical reaction models and optimize reaction conditions
and equipment design through computer simulations. This
research aims to deepen the understanding of reaction
mechanisms in chemical engineering and to strengthen the
theoretical foundation of materials process studies.

(3) laim to establish a method for fabricating optical crystals,
such as artificial opals, by producing particles comparable in
size to the wavelength of visible light and arranging them in a
periodic structure. This research seeks to elucidate the
principles of novel material design based on the control of light
and to contribute to the expansion of the academic foundation
in the field of photonics.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Synthesis, analysis and evaluation of functional composite materials.

Improvement of QOL for patient and their families.

#18 %8 P& prot. Takashi Asaka
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Fig. Semi-solidified enteral nutrient prepared by Asaka Lab.
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Dysphagia diet

Semi-solidified enteral nutrient

My research theme is the development of functional
composite materials with novel properties by combining
functional materials with characteristics not possible with
conventional materials.

As an example, | have collaborated with researchers at Tokai
University to synthesize biomaterials such as artificial bones
and analyze their chemical and mechanical properties.

Meanwhile, Japan in today's super-aging society, | believe that
ensuring activities of daily living (ADL) is important to
maintaining quality of life (QOL) in the "100-year lifespan” era.

Focusing on "eating", a part of ADL, | began research on the
preparation, chemical and physical properties of dysphagia
dietsin 2004. Over the 18 years from FY2008 to FY2026, |
have received grant-in-aid for scientific research from the
Japan Society for the Promotion of Science (JSPS) for six
terms. | am conducting research on the preparation, chemical
and physical properties of semi-solidified enteral nutrient for
patients with dysphagia who experience difficulty chewing
and swallowing, in collaboration with Tokai University Hospital.

Semi-solidified enteral nutrient coagulated by artificial gastric juice (pH=1.2).

Coagulated semi-solidified enteral nutrient.

Graduate School of Science and Technology, Tokai University RBAFERFE HEBEITFHER
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Fabrication of 2-Demensional Polymer Nanomaterials and Their Biomedical Applications

~From Common Polymers to Innovative Nanomaterials~

#i% EE']H |375'7f|\ Prof. Yosuke Okamura

https://researchmap.jp/y_okamura
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3601/ ™ y.okamura@tokai.ac.jp
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Biomaterials Science

FT/EICRIE LMl 2B FICRR I s RE S /T
/O - MU GEECONFOMEINETEEINTLE
o7 /MBI REBDBERICE R T SBEICH DD,
REREZEDM LTSI IR0/ - B2
BB ehZnEBHATY,

BRARETIE. SDFR-YEBEBICIIHL/2HAIN
BOBBEAFEATH/MEERAR L ABOBRECPER. IR
BICRIIDMEICBIFZICZBZICEBITF TOETHFIC,
ERPEBIBICBLV2RIT T /MR (F /B /TR,
FIT7AN—VRVBEO)IEBLEI . 2R FORESL
BRLADS BERIISCIF /MEOR NI S5
ETEE BOHFRMEEFICKZEEEFMETcE—8BLT
TIOMET—YZRHEALET. HOETORELFHSEIN
FTICAVWIZ—IRFEELDOEFNF /MEZAIDE
TELAEHEICEDWVWELELDS,

R EHP:
https://sites.google.com/view/okamuralab/
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Polymer Chemistry

[Research style]

F/HETIE

Nanomaterials Engineering

Nanotechnology refers to technologies that control materials
at the nanometer scale and apply them to devices and
systems. In recent years, research in this field has attracted
considerable attention because nanomaterials possess
structures with dramatically increased specific surface areas,
leading to enhanced interfacial reaction efficiency as well as
the miniaturization and weight reduction of devices.

Okamura Laboratory aims to develop unigue nanomaterials
that contribute to human health, medicine, and the
environment, based on polymer chemistry and physical
chemistry. In particular, we focus on bio-friendly
two-dimensional nanomaterials, such as nanosheets,
nanodiscs, nanofibers, and nanoribbons etc. By
understanding the fundamental properties of polymers, we
pursue integrated research themes encompassing the design
and fabrication of nanomaterials tailored to specific
biomedical applications, as well as their functional evaluation
through interdisciplinary collaboration. Let us enjoy together
the excitement of creating innovative nanomaterials with
unique properties from common polymers.

Okamura Lab HP:
https://sites.google.com/view/okamuralab-en/

We develop innovative, biocompatible two-dimensional nanomaterials for biomedical applications
using simple methodologies based on polymer chemistry and physical chemistry.
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A Study of Gas-Solid Reactions

from basic to advanced researches

iz 17.1_:}_3'55 1IE7E  Prof Masashi Sato

https://researchmap.jp/masashis
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3192/ ™ masashis@tokai.ac.jp

ESREMH

BlE &K E O KIS (B —SERIG) 2O SRR AT
IIINF =TS AIDIXRILF—EFHHAEDLETRFRKE
FEBBZMERZOTFICHE L TAHIVWEEITVET A
MRETIE KR . BZRBRACOKEKCE K (EICERE)
CDEEREEBLTHLVIRILE R - ZTHME.
BEREGEMBELIEIEFMR ORI & EEY DR
FRIELTHIRZT>CVWE T baRHoRBRBELT
ABETNBITTVRKRIFER-BEETTRALLTE
ETREH6.CNETOIERPNORTE A& EMRAE
CITEBRBZFEMMIRBRBERDEFT, KKRETEFYUTIC
I EMKEGRIEKR. 7VEZT NIV OKEFRBM
HArMREINTLEIAN . LWVINDb—R—EDFHE
FoTWB7H BERICISCTHBFYUT7ZEWDITEC
EHIREMNREEZSNTVETD,

AMRETIFEBPICKRZEEETHERI B7DHDK
RREMEHCE LT 2O RN ZHNFECHERIEBEDOM
R ZELTRIGERERNBRSEEHEOE RN SEREY
BARET>TCVWET, — A KKFBEMEZHROLELTE
SNT-EHE-SERIGOMRZIGHA LT H 57k
BEamAEZRRLTOWET AR I AEZMECUF
VLZREMOEBAE E LTHFINTLZME2SIDE
BBRRICKRENES BRI CT EMBEENT0 °CE
TEEZAEEEZRVWELEL . CNIF BIRILF—7R
SNCCO2EEHIMBI e Lo ROBA E F AN —HL
FIIRAEI TORIGEBLRIAT 57 H OERM AT
ZHOMCEDBEATVETD,
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Metallurgy Energy

TFME

Electronics

Even though successful when judged by its widespread
utilisation and economics, our fossil fuel- / petroleum-based
worldwide energy society has generated challenging
problems including security of energy supply, a possible global
warming, and other significant environmental impacts. A
number of metals take up considerable amounts of several
gases and form chemical compounds. They possess
functionally interesting characteristics by their interaction with
gases either gaseous or electrochemically: as available
energy exchange carrier; chemical-mechanical;
chemical-electrical, as purification diffusion cell for hydrogen
gas, as catalyst of the molecule to atom reaction or energy
storage media. The metal-gas reaction systems are in focus
including: (i) crystal structure (i) thermodynamic
characteristics (iii) kinetic behaviours (iv) physical and / or
chemical properties. Meanwhile, we are exploring new
methods of inorganic material synthesis by applying
knowledge gained from solid—gas reactions, particularly in
hydrogen storage materials. For example, we discovered that
by introducing hydrogen into the synthesis process of Mg2Si,
which is expected to be used as a thermoelectric conversion
material and as an anode material for lithium secondary
batteries, the synthesis temperature could potentially be
reduced by about 700°C. This aligns with global trends and
priorities such as energy conservation and CO2 emission
reduction. Currently, we are focusing primarily on basic
research to elucidate the reaction mechanism.
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Development of Adsorption/Exchange-Controlled Functional Materials Based on Porous Substances and Layered Compounds

Creation of Inorganic Functional Materials Aimed at Applications in Environmental and Separation Fields

#iE P8O B pror. Masashi Higuchi

https://researchmap.jp/read0056694
O https://www.u-tokai.ac.jp/facultyguide/faculty/2628/ ™ mhig@tokai.ac.jp
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Porous inorganic materials

LI EYEIF. SERER CHEILESEICHRIZENR
EREAFSRERMUCOB. MR AR CIREVWDHF TH
BAEINTULET LA L REBDERECIMERDD T
DB EBRICHET 2 ISR R TlE AR MR
FtEORRBCB>TVWET —A. BRILEYIX. BREZEBT
DA VE—HL—2a> P A U RIBEREIC KD VERME
ERTHODMEILENEREBDZZEDEBMERTEIC
BHELHBDET, OO . ZABEYE CBRIEEY DR
MEBAEDEIHEMOBREIEFINTVED,

AARETIH VIL-TILECABRRIGEER LT 2EKE
7Ot EROII A7 ORMEENRYVILRY —TILE
Ve BREMEEABRDERZ T EILEEMME S
FUBRIEEYEEM LT3 LWV EEEM AR 08I 8Y IZH
DIATVWET RIS HFLIBE DB BRILEMDF
R RE B A E LT RB BB 4 3R % SIE A
BEAMPROBREZEIBLTVET,

REDELHAET —FIFUATDEDTY,

xoOf- XV -S/O0ZHER ORESAESUA
BRE.EOREBEREDEBELUVRE - DBEDEFA
DISEERH

2) BRI BWEH T A0S BECIORE G L1
HEEHE
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Layered inorganic compounds

BHEESKT0ER

Inorganic synthesis processes

Porous materials exhibit excellent adsorption performance
due to their high surface areas and pore structures, and are
widely used in environmental purification, separation, and
catalytic applications. However, precise control of adsorbate
selectivity and stabilization of molecules or ions after
adsorption remains a major challenge in materials design.

Layered compounds, on the other hand, offer high selectivity
through interlayer intercalation and ion-exchange processes,
but their use is often limited by slow interlayer diffusion and
restricted adsorption capacity. Thus, combining the
complementary properties of porous materials and layered
compounds is a promising approach for developing new
functional materials.

Our laboratory develops such materials by integrating sol-gel
and solution-based inorganic synthesis with
microwave-assisted and solvothermal techniques. We aim to
control adsorption and ion-exchange behavior through
hierarchical pore design and precise control of
layered-compound morphology and interfaces.

Current research themes:

Synthesis of hierarchical porous silica with macro-, meso-, and
micropores, and its adsorption properties and applications.

Controlled coating of metal oxides onto layered-compound
nanosheets and evaluation of their functionalities.
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Development of new superconducting wires and evaluation of mechanical properties for practical superconducting wires

Research for applications at low temperature

#zus NVE BB AssocPror. Hidetoshi Oguro

https://researchmap.jp/read0154936
O https://www.u-tokai.ac.jp/facultyguide/faculty/4126/ ™ h-oguro@tokai.ac.jp
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Superconducting wire

AMRETIIERTCTEOENZTIBIEEDISAICHE
TRIMRZITHO>TVEIHIBLERMORFE CER
ICHIT 2 RABRERMOBMSEERZIT R TVED,

RERFEREECBGEZN B aBmEdzfEor
NG OHAEZITOTCVWET EARNICIZ. SBEISBTE
MREFED TEENMI I BPowder-in-TubeiEEAWT R
MOBRREZITVWET. COMBLRINT NIE FEVRTGE
EIXMDEVMRIPUZFE—Z—H—DRE . I5I2I
RREHEBICDDOBRIDET,

FLEBRICHE T AEMEERUVBEEREORELIT
TVWET. CNSDRFMZREEICERTMT 2 IS8 L
WM TH I 71D AAEIFBTEICRICEVWTERRE
B &EoTWET,

Superconductor

Silver =

KETH

Low-temperature engineering

B 1%

Mechanical properties

Our lab. is researching the applications of superconductors,
which has zero resistivity at low temperatures. In particular, we
are working on development of new superconducting wires
and the evaluation of the mechanical and superconducting
properties of practical superconducting wires at low
temperature.

Recently, we have been working on development of round
wires with high-temperature superconductor, which exhibit
the superconductivity at liquid Nitrogen temperature. The
superconducting wire was fabricated by “Powder-in-Tube
method”, in which superconducting powder is packed into a
metal tube and rolled. This wire is expected to be used in MR,
magnetic levitation train, and fusion reactor.

At the same time, we are also measuring the mechanical and
superconducting properties at low temperatures. Asitis
extremely difficult to evaluate these properties at low
temperatures, this research plays an important role in the
applications of superconductivity.

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR
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Development and Application of Material Testing Methods in the Mesoscopic Domain

From the regulation of collagen fiber organization to the compositional analysis of archaeological materials

iz %% fﬁﬁ Prof. Toru Kuzumaki

https://researchmap.jp/TKuzumaki

Material Science and Technology
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Mechanochemistry of hydrogen-related materials and their applications towards environmentally friendly technologies

In-situ monitoring of mechanochemical reactions

#zus RS BEAX  Assoc.Prof. Ryota Gemma

https://researchmap.jp/rgemma

[ https://www.u-tokai.ac.jp/facultyguide/faculty/3173/ ™ kuzumaki@tokai.ac.jp
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Collagen fiber organization control
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Evaluation of material properties

Tensile test for a CHT warmn.

T EMERE

Electron microscopy

As materials science and engineering continue to advance,
there is anincreasing need for techniques capable of
evaluating material properties within microscopic regions. Our
laboratory develops mesoscopic-scale material
characterization methods by combining electron microscopy
with mechanical testing techniques for ultra-small specimens.

These approaches are applied across a broad range of
research areas, including the property evaluation of
nanocarbon materials, the study and control of cross-linking
and alignment in collagen fiber organization—the primary
structural constituents of the Achilles tendon and ligaments—
and the compositional analysis and classification of
archaeological artifacts.

Through these efforts, we aim to establish a new framework
for material testing and to expand its application to microscale
materials in the mesoscopic domain, where conventional
measurement has been challenging. By collaborating with
researchers from diverse fields, we are committed to fostering
new directions and trends in materials research.

Tmim

Specimen of the tendon biomateral

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

[ https://www.u-tokai.ac.jp/facultyguide/faculty/4223/ ™ ryota.gemma@tokai.ac.jp
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Hydrogen Methanation

EHBETIRH . FICKEREESEAVZZBERR
(CO2) DAZAMIZEAT BT T oTWVE T HEEBEL
EEMTBHED—DELT. CODXREALDEIFESNE
T CORIGIF —RIICITESEBRMEr SERGEZHE
ELET LNML.COHHIREBAHRABHEAR F T KERRS
2HER—ILIIICED AN/ TIHIMIBT B EICED S
HHoMEAzE LACEDBRRICCOZXIMETEZI LN
BASHEBRDELIce AN/ TININEBAZVERRIBICES
TEEOMIMERIIE L<EL L. BEYPRBEYCS
BHNEMIRAE T /BERZLZZ b TVE
T ZDBAEDKR.COLSBENEICKD. —EELIC
WE ENTKEDNRESNB I EICKDXEVERRIGH
LB ENBESHERS>TERELIL.BEEFDDHDIZDOW
TIE TRLATO-T VWS TED I EZRVTEMICH
N EDES BB EIS TR DB R X2 LR
LEDSZ20MERELTVET,

KRBRBEESR

Hydrogen Storage Alloys

R=ILIYvy

Ball-milling

Our laboratory primarily studies the methanation of carbon
dioxide (CO2) using hydrogen storage alloys. The CO2
methanation is one way to mitigate global warming. This
reaction generally requires high temperatures. However, we
have recently demonstrated that mechanochemical treatment
of hydrogen storage alloys using a ball millina CO2 + H2 mixed
gas atmosphere allows the initiation of CO2 methanation
easily without external heating. The mechanochemical
methane production reaction significantly changes the alloy's
microstructure, resulting in a nanostructure in which oxides,
carbonates, and metals are intricately intertwined. In-situ
measurements have revealed that this phase separation
allows the hydrogen once stored in the alloy to be released,
resulting in the methane production reaction. We are also
investigating the alloys themselves in detail using an elemental
analysis method called atom probe tomography to identify
materials with microstructures that can serve as highly
efficient methane production catalysts.
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Research and development of thermoelectric nanomaterials

Target: self-sustaining power source for loT sensors

s WZ  Pot Masayuki Takashiri

https://researchmap.jp/tkshiri

O https://www.u-tokai.ac.jp/facultyguide/faculty/3654/ W takashiri@tokai.ac.jp
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Thermoelectric

HEV)—VIRILF—ICHIT2HPFIEEFoTVDB A
MARETIH ALTERICEBRTIAELTRMEOMEE
ToTVWB. ABREEMIIBAIRILF—E2FERGIXI
F—ICEELRTIZO RIBEEEMELTIERICE
NTWVWE, LA L ABRERMICIIASHRENDH .7
NISBABRETNARPITBEEZZREIEZHICBR
ERBD2ONRBIRIETH . KT IL—FTIE.

FREZRIRIRNG T/ BEMRZEVWCEBNICREE
HPRETEIIABHEETNAXZHRT I ABLTHME D
BHEICIF . BREBCGEL AR TESILITEIRWLS
BhARDENZ HLIFT/BEMEEZRVWTEFORN

BT T RO RN EZINEIT DL S0z IR LTUL
2. CDFT/IBERICEZBEXRFIIIRABZTRME OM
A EICIEBEBERARBRBFTHO. SEB BAENPFTE
BMEDEF TH Do

Energy harvesting

Thermal engineering

In recent years, the demand for clean energy has increased.
Our laboratory is researching thermoelectric materials that
convert heat into electricity. This technology is excellent for
harvesting energy because it can directly convert thermal
energy into electrical energy. However, this technology faces a
major challenge: it requires both a heat source and a cold
source to generate a temperature difference within the device.
To address thisissue, our research group is developing a
thermoelectric power generation device that uses
nanostructured materials to automatically generate a
temperature difference. Improving the performance of
thermoelectric materials requires using materials that conduct
electricity well while conducting heat as little as possible. We
are researching nanostructured materials that minimize
obstruction to electron flow while suppressing heat flow.
Controlling heat transport using nanostructures is essential for
improving the performance of thermoelectric materials and is
an area of research expected to grow in the future.
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Brazing Investigation for All Metallic Materials & Inorganic Materials and Metallurgical Estimation at the Brazed Joint Interface

Interfacial Reaction Analysis during Brazing AND Creation of High-Quality Industrial Products

e BIR EE  prot Yasuyuki Miyazawa

https://researchmap.jp/brazing

O https://www.u-tokai.ac.jp/facultyguide/faculty/2282/ ™ ymiyazawa@tokai.ac.jp
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Brazing Metallurgy

ERMREFTHEENEMEEITIDOITHDIZ
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Interfacial Joining between Liquid / Solid Microstructural Analysis at Brazed Joint Interface
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Schematic diagram of brazing technology

F O AR X

Miyazawa Lab is Joining Science Research Laboratory.

We are investigating “Joining technology”, especially, “Brazing
and Soldering” which is joining between engineering parts for
engineering fabricating field. Brazing is Core Technologies
supporting the manufacturing industry, and time-honored
technology. However, to apply to the latest products, itis
necessary to engage in the development of brazing for new
materials and brazing processes. So that, we are conducting
ongoing research.

As shown in the figure, Brazing is important joining technology
to obtain sound brazed joint. Firstly, brazing filler metal is placed
onthe brazedjoint. Assembled engineering parts and brazing
filler metal are heating up over the liquidus temperature of
brazing filler metal below the solidus temperature of parts
material. At brazing temperature, molten brazing filler metal
immersed to the gap at the brazed joint by capillary action
caused by wetting of filler on the base metal. And the interfacial
reaction occurred to form a strong interface. Finally, molten
brazing filler is solidified.

In actual manufacturing, an appropriate heat source for
uniformly heating fittings with complex brazed joint design is
needed and removal of oxide films present on the surface of
metallic materials by flux and/or special atmosphere is needed.

At Miyazawa Lab, we investigate Brazing Technology by
utilizing the fundamental knowledge about metallurgy and
metallic materials. We specialize in brazing process
development. And we specialize in microstructural analysis at
the brazed joint by EPMA (Electron Probe Micro Analyzer,
Wave-dispersive Elemental microanalyzer) and EBSD (Electron
Backscatter Diffraction Pattern).

Miyazawa lab value collaboration with external organizations
and companies, as well as connections between people. And
Miyazawa lab is the world's only laboratory where you can
deeply study brazing, conduct practical research, and earn
bachelor's, master's, and doctoral degrees. As aresult,
Miyazawa Lab are currently collaborating with 12 institutions
and have graduated one course doctoral degree holder and
two thesis-based doctoral degree holders until now. Miyazawa
lab plan to produce four more course doctoral degree holdersin
the future.

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR
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Exploration of innovative materials and novel synthesis for resource sustainability

Electronic properties for inorganic materials

iz I WP  pror. Masafumi Chiba

https://researchmap.jp/carl

O https://www.u-tokai.ac.jp/facultyguide/faculty/2242/ W carl@tokai.ac.jp
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Electronic materials
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Quantum structures

+/79/09—

Nanotechnology

Efficient resource utilization and material innovation are global
challenges with profound implications for industry and
sustainability. The depletion of rare metals and uneven
resource distribution necessitate the strategic development of
advanced materials, alongside consideration of their societal
acceptance and environmental impact.

Akey focus is the development of functional thin films free
from scarce and costly elements. Current research targets
high-performance transparent conductive materials that
move beyond conventional oxide systems reliant on rare
metals. Instead, the goal is to discover innovative compounds
composed of abundant elements, addressing resource
concerns while enabling next-generation electronics and
energy technologies.

Equally critical is the advancement of novel synthesis
methods. By transcending traditional vapor-phase and
liquid-phase techniques, new processes aim to reduce
environmental impact, lower costs, and improve energy
efficiency, paving the way for sustainable manufacturing.

The ultimate objective is not merely to replace rare metals but
to establish materials that support a resource-circulating
society. Such advances promise to redefine industrial
foundations and unlock new frontiers in science and
technology.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

B2 b 55 (L 5F (i

Material Science and Technology

HIRBEBEHEDFERIIFLOD

Evaluation of Oxidative Degradation of
Ultra-High-Molecular-Weight Polyethylene Irradiated by

Gamma-Ray

#1559 ) 1| AKX Prot. Hisao Kikugawa
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Gamma-ray irradiation

APETIF HOVBRBHLEBEYSFERIIFLY
(UHMWPE) @Bt %1t % 54 L 7= B3 b S 1EIBIZEC LT,
BIRERIE N VIR Evh—XBEZRHELE. 5
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EHEFHEL.ESRAR Y ML OB C WS C DR %R
Nz /NEUUHMWPERER B D5 IBRERER T O T AEAE
TEEHRERIBENZ UV ZIT ALY DM FE AR
RMERVWTVY Y IROBRHEEEZHA. TOE B R
LTco XRERBROEHRTIE A>T T7—a g 5515k
VOIRERET BN TES, DA EIG B BRRE
BICHTR VU IRBR DM E CESREFEDOBEHREST
M B7=DICERTH 3.
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Ultra-high-molecular- weight polyethylene

BRitz1t

Oxidative degradation

In this study, oxidative degradation of
ultra-high-molecular-weight polyethylene (UHMWPE)
subjected to gamma ray irradiation was evaluated. The tensile
yield stress, Young's modulus, and Vickers hardness were
measured to characterize the oxidative degradation.
Furthermore, the existence of residual radicals was evaluated
using electron spin resonance (ESR) analysis, and the
relationship between the change in ESR spectra and
mechanical property indices was examined. The strain is often
difficult to measure in the tensile test of small UHMWPE test
specimens. Therefore, we attempted to easily estimate the
Young's modulus using the Hertzian elastic contact theory and
confirmed its usefulness. In this experimental scope, the
tensile Young's modulus can be estimated from the
indentation test. This method can be applied to evaluating the
relationship between mechanical properties such as Young's
modulus and ESR characteristics over along period after
irradiation.

Test Specimen and Measurement Young’s Modulus
98 rJ:E,‘O.S..,..,,........,,...,....
UHMWPE 28 O - 50 kGy —8— Annealed afier iradiation
16 ~ 0.7- —0— Unannealed after radiation | |
53]
158 = o S
oo S
= 7 5 0.6]
< =14 =
Digitai_imageconelatiunmethod -3 0.5 \ ------------ = ¥
analysis area (3.5 mm X 6.5 mm) g . e (bt T
| @) 0 I Annealed (non-irradiated) |
04 .
2 L i
>"0_3|....|....|....|....|....
A | 0 50 100 150 200 250
—_l
(b) Time after irradiation , 7/ days
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Development of Chemical Tools for Protein Structure Control
A Chemical Approach to Unlocking the Synthesis of Challenging Proteins

s T FF B K Assoc.Prof. Kenta Arai
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Development of stimuli-responsive organic luminophores

Toward the application in the condensed phase

zs S B8 Assoc.Prof. Toshiaki Ikeda

https://researchmap.jp/ikedatoshiaki
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Protein Folding

FUNTVEBIFELVWIFEEZ M T 5 & THIO THERE
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T.BAATRETEAROSVWIOERXZRETZ LD
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B RNV EFOEBNERZRMETERLEDICN
1AEEREEICE TEHIARMBBRORIEICOBHS
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FAFET MG S LIERRBICH T 2 EHVEERA B
NORRABHAFEINET,

Lagmlhigeas, 2l
kg prangiye,

Protein Synthesis
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Drug Discovery

Proteins exert their biological functions only after adopting
their correct three-dimensional structures; however, precisely
controlling this structural formation process (protein folding)
and guiding proteins toward their desired functional
conformations remain highly challenging. In particular,
structurally complex proteins containing disulfide bonds often
suffer from misfolding and aggregation, which represent major
obstacles in protein synthesis and production. In the Arai
Laboratory, we are developing new technologies that enable
precise control of protein structure formation using
enzyme-independent chemical tools.

Specifically, we design redox-active organic molecules and
solid materials that allow fine control over oxidative and
reductive reactions, thereby efficiently promoting disulfide
bond formation and protein folding within an artificial chemical
environment. Leveraging the unique properties of artificial
molecules and materials, we aim to develop reusable and
practical processes that enhance the production efficiency of
challenging proteins. This research is expected to deepen the
fundamental understanding of protein chemistry and to
provide a new technological foundation for biopharmaceutical
manufacturing. Furthermore, since protein misfolding is known
to underlie severe neurodegenerative diseases, the
technologies developed in this study also hold promise for
future applications in the discovery of innovative therapeutic
agents.
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Luminophore
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Stimuli-responsivity
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Organic synthesis

Luminescent organic dyes have been interesting due to their
potential applications for organic electronic devices and
chemical sensors. The emission in the solid-state is
indispensable for the applications of organic dyes. However,
the solid-state emission of organic dyes has many problems
such as the aggregation caused quenching (ACQ).

My research topic is the development of organic dyes
displaying the aggregation induced emission enhancement
(AIEE) and the solid-state emission. The design of the
assembly structure results in the AIEE and solid-state
emission. External-stimuli responsivity and circularly polarized
emission are also beeninterested in.
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Synthesis of selenium analogs of biomolecules and their applications to drug discovery

Molecular design and biological functions of seleno-peptides and seleno-nucleic acids

iz Zl'zﬂuﬁﬂ 5E;E Prof. Michio lwaoka
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Construction and functionalization of inorganic-organic hybrid materials

Toward solid-state conductors and luminescent materials

w1z AEE 2 ot Takeru Ito
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Inorganic-Organic Hybrid Polyoxometalate

REEEH LY BRI

Surfactant Selenium Drug discovery

SFFHAY

Molecular design
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Inorganic-organic hybrid materials have potential for the
construction of functionalized materials. We can expect
synergy of the merits derived from inorganic motifs to bring
thermal stability and various functions, and from organic
components which enable flexible control of the built-up
structure.

We have successfully synthesized a rare series of hybrid
crystals comprising functional inorganic clusters
(polyoxometalates) and surfactant molecules. These hybrid
crystals can precisely tune the composition, structure and
function by changing the combination of polyoxometalate
anion and surfactant cation. Selective introduction of proton
and metal ions such as lithium, sodium, magnesium, or calcium
has been realized.

The hybrid crystals possess layer structure beneficial for the
emergence of conductivity. Some of hybrid crystals exhibit
electric and proton conductivities, and are promising solid
electrolytes or electrode materials for fuel-cell and
rechargeable batteries. Luminescent polyoxometalates can
be incorporated into the layer structures, and the emergence
of lasing properties has been verified.

Inorganic-Organic Hybrid Crystals Composed of Polyoxometalates

—_

W Surfactants

Single Crystals

TLUISEFRHBEOMERERTIN LV OBEIEEI
BMOEMEERLET EFOEERICIFBEOEL VD
BRENHD. ZNZNHEMEBOMIFICE THEERRE %
BI-LTVWET. ERAAEETIE. ELODERKIEREEBESH
ICLEL AL EME BRI AER A VAL EY
BREDELLTSHETAZCICHBLTUVE T, ZD7®HI.
FRFNEDEVRTFRPEEBISEEL.CN5DEL VB
BER(EL>T7FO—0) ERFRAFLIAEFZER L. I5ICE
DEIBHAERBAS ML TV E T RIEDIHEMRE L LTI,

1.9NWNRFA>OEL>T7FO—JTHB L/ IILEFFY
DEERICEERICKRIIL. L/ TIILEFFHENTT
BILERPTIBEIE RN RIEAZRI CeZzBASMILEFL
7= (A. Kanamori, N. Egawa, S. Yamasaki, T. Ikeda, C. F.
Bortolatto, M. J. da Rocha, L. Savegnago, C. A. Briining,
M. lwaoka, Pharmaceuticals, 2024, 17, 1049) o

2.AVR)VORBERFEELYREFTEBRLIEL /1Y
R YDOERICHEIIL. DA VR VD REER ICR LT
MERTE TRHOEEL /AR UHEE A >R V8
BELTHATE2akEEEBESMILE LR (K. Arai, M.
Okumura, Y.-H. Lee, H. Katayama, K. Mizutani, Y. Lin, S.-Y.
Park, K. Sawada, M. Toyoda, H. Hojo, K. Inaba, M. Iwaoka,
Commun. Chem., 2023, 6, 258) .

3.FHLWERATDEL /D FTHB L/ A —Ri%EE
PDFOERICRIIL. FODFEEXHESMILFEL (M.
Iwaoka, Y. Hiyoshi, S. Arai, T. Ito, ACS Omega, 2021, 6, 17621)
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Seleniumis an essential micronutrient for the body, but excessive
intake of seleniumis highly toxic. There are 25 selenium-containing
enzymes in the human body, each of which plays a very important
role in maintaining life activities. lwaoka Laboratory is working to
clarify the biological functions of selenium and to apply selenium
compounds as drugs, such as antioxidants, anti-inflammatory
agents, anti-cancer agents, and antibiotics. To this end, we are
focusing on peptide and nucleic acid molecules with high
biocompatibility, molecularly designing and chemically
synthesizing these selenium-substituted derivatives (selenium
analogs), and further clarifying their physiological functions. Recent
research resultsinclude:

1. We have succeeded in a simple chemical synthesis of
selenoglutathione, a selenium analog of glutathione, and have
demonstrated that selenoglutathione exhibits excellent antioxidant
and anti-glycative stress effects (A. Kanamori, N. Egawa, S.
Yamasaki, T. lkeda, C. F. Bortolatto, M. J. da Rocha, L. Savegnago, C.
A.Briining, M. lwaoka, Pharmaceuticals, 2024, 17,1049).

2. We have successfully synthesized selenoinsulin, in which the
sulfur atom of insulinis replaced with a selenium atom, and
demonstrated that this compound s resistant to insulin-degrading
enzymes, indicating that selenoinsulin may be usefulas a
long-acting insulin formulation (K. Arai, M. Okumura, Y-H. Lee, H.
Katayama, K. Mizutani, Y. Lin, S-Y. Park, K. Sawada, M. Toyoda, H.
Hojo, K. Inaba, M. lwaoka, Commun. Chem.,2023, 6,258).

3. We have successfully synthesized a new type of
selenonucleotide molecule, seleno-threose nucleic acid, and
elucidated its molecular structure (M. lwaoka, Y. Hiyoshi, S. Arai, T.
lto, ACS Omega,2021,6,17621).

No one has yet succeeded in developing selenium-based drugs,
but we are conducting world-class research with the goal of being
the firstin the world to realize this.

Inorganic Clusters Selenoglutathione (GSeSeG) in Cells Selenoinsulin I, Se-nucleic acids
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Synthesis and investigation of novel mixed-anion compounds

Using a high-pressure and high-temperature apparatus

i B B#  pror. Tetsuhiro Katsumata
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Synthesis and Functional Elucidation of Hypervalent Organotellurium Compounds

New Frontiers in Molecular Science through Precision Organic Synthesis

gz N0 E—  prot. Shinichi Koguchi
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Mixed-anion compound
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High-pressure and high-temperature synthesis

Solid li-ion conductor

The Katsumata Laboratory is engaged in characterizing novel
mixed-anion compounds using techniques such as
low-temperature fluorination, ammonia nitridation, and
high-temperature high-pressure synthesis.

1. Synthesis and Characterization of Novel Mixed-Anion
Compounds
Mixed-anion compounds are compounds containing two or more
anions. The Katsumata Laboratory mainly focuses on synthesizing
oxyfluorides and oxynitrides. Characterization primarily involves structural
analysis using powder X-ray diffraction. We also conduct high-intensity
synchrotron X-ray diffraction measurements and performlocal structure
analysis of these compounds using the X-ray PDF (Figure 1).

2. Synthesis of Novel Oxides and Novel Mixed-Anion Compounds
Using a High-Temperature, High-Pressure Apparatus

The Katsumata Laboratory has a cubic-anvil-type high-temperature,

high-pressure apparatus (Figure 2). While effective for synthesizing
oxides, this systemis particularly well suited to mixed-anion
compounds. To date, we have successfully synthesized several
novel mixed-anion compounds using this method.

3. Development of High-lon-Conductivity Solid Lithium-lon
Conductors
We are developing novelion conductors to serve as solid
electrolytes for all-solid-state lithium-ion secondary batteries. We
aim to develop compounds that are chemically stable oxides while
simultaneously achieving high plasticity and high ionic conductivity.
QOur exploration focuses on novelion-conductive compounds,
particularly mixed-anion compounds such as oxychlorides,
oxyfluorides, and oxynitrides (Figure 3).
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Organic Synthesis
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Graduate School of Science and Technology, Tokai University RBAFKFIR HBEEBITFHAER
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Organotellurium Compounds

BIRFHtEH

Hypervalent Compounds

Our laboratory focuses on the precision synthesis and
functional investigation of novel hypervalent organotellurium
compounds. These species feature unique bonding patterns
and electronic structures that exceed conventional valence
rules, giving rise to unprecedented reactivity and molecular
functions. We design and synthesize new hypervalent
organotellurium compounds, characterize their structures
using X-ray crystallography and NMR spectroscopy, and
examine their physical and chemical properties to elucidate
structure—function relationships. Furthermore, we explore
their application as catalysts or reagents to develop novel
organic transformations. Through this research, we aim to
advance molecular science via precision organic synthesis
and contribute to the next generation of organic synthesis
grounded in hypervalent chemistry.
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Synthesis of Photo-Functional Inorganic Materials via Chemical Solution Processes

Flexible Photovoltaic Sheets and Versatile Wavelength Conversion Materials

w2 BH B2 prot. Koji Tomita

Material Science and Technology

rml — 1 = =

R E R i 5 1R5
VE/BE-RTFFDERHZE

B A EIRABEKRIEREDRHE

Studies on the Synthesis of Stable Isotope-Labeled Amino Acids and Peptides

Development of Regio- and Stereoselective Deuterium Labeling Method

#iz KI5 E  prot. Makoto Oba
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Phosphors Solar Cells Solution Process
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The Tomita Laboratory conducts research on synthesizing
inorganic materials that function with light through chemical
processes. By using our unique complexation technology, we
synthesize inorganic materials using chemical methods, such
as synthesizing metastable phases that do not normally
appear, or efficiently synthesizing dozens of different
compositions in a single experiment.

1) Fabrication of Perovskite Solar Cells

We synthesize titanium dioxide nanoparticles with special
crystal structures, such as brookite or bronze types, using
original titanium precursors like the titanium glycolate
complex. These nanoparticles are applied to aresin substrate
at alow temperature to construct the electron transport layer
of a perovskite solar cell. We aim to establish low-energy-cost
manufacturing methods for the fabrication of easy-to-make
and easy-to-use perovskite solar cells.

2) Synthesis of Rare-Earth Phosphors

Phosphors are functional materials used in applications like
lighting and displays. Utilizing a parallel synthesis process that
allows for the simultaneous synthesis of multiple types of
samples using solutions, we are developing novel phosphors
that exhibit excellent luminescence properties.

Our work includes the development of phosphors with
functions that meet new needs, such as:

Europium (Eu) type phosphors that emit red light when
excited by a blue LED.

*Heavy rare-earth (Ho, Er, Tm, Yb) type upconversion

phosphors that emit visible light when excited by infrared light.
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Stable isotope labeling Amino acid Structural analysis
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Stable isotope-labeled compounds are widely used as
non-radioactive tracers in chemical, biological, and
environmental processes. Labeled amino acids, in particular,
are useful for stereochemical studies of enzymatic reactions
and for determining the three-dimensional solution structures
of peptides and proteins using NMR spectroscopy.
Furthermore, some of these amino acids exhibit biological
activity, making them of interest in the field of medicinal
chemistry.

In view of the above background, we have recently been
engaged in the stereoselective synthesis of amino acids
labeled with stable isotopes such as D, *C, and ®Nin a regio-
and stereoselective manner. The most critical technique in
NMR structural analysis is the selective replacement of either
a diastereotopic hydrogen atom or methyl group with a
deuterium atom. Figures 1and 2 show the 'H NMR spectra of
labeled proline and leucine, prepared for the first time in our
laboratory.
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Modeling and Control of Mechatronic Systems

Advancements in Intelligent Control for Mechatronic Systems

#im B 52 prof. Atsushi Okuyama

https://researchmap.jp/20181019/research_experience/18830536
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3172/ ™ a.okuyama@tokai.ac.jp
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Multi-agent
System

Okuyama Laboratory is developing intelligent control
technologies incorporating machine learning theory with the
aim of improving the performance and functionality of
mechatronic systems. Our research areas focus on: 1)
multi-agent systems, 2) walking robots, 3) machine learning,
and 4) positioning control.

1) For multi-agent systems, we are developing a consensus
control method that synchronizes the states of all agents while
avoiding obstacles. We are also developing a control method
based on reinforcement learning theory in which multiple
hunter agents track and capture a single prey agent.

2) For humanoid and multi-legged robots, we are developing
walking control methods based on ZMP (Zero Moment Point)
and CPG (Central Pattern Generator).

3) As applications of deep reinforcement learning, we are
developing trajectory generation for multi-legged robots,
maze navigation and obstacle avoidance for wheeled robots,
and automatic tuning of PID control parameters.

4) For hard disk drives and optical disk drives, we are
developing control methods that achieve high-precision
positioning on the nanometer order.

Machine
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Engineering

Walking
Robot
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Design and Evaluation of Machine Elements Based on Tribology

Understanding and Visualization of Tribological Phenomena

#i3 3Z e AT Prot Masayuki Ochiai

Mechanical Engineering and Aeronautics and Astronaulics
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Development of Human-Friendly Robots

Advanced Robotics Research for the Future Society

#is AL F|/EL  pror. Yoshihiro Kai

FSAROI— BmER

https://researchmap.jp/read0127001/
O https://www.u-tokai.ac.jp/facultyguide/faculty/3021/ M ochiaim@tokai.ac.jp
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Tribology Machine Element Design Fluid Lubrication
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To achieve high efficiency and reliability in mechanical
systems, it is essential to correctly understand tribological
phenomena such as friction, wear, and lubrication, and to
reflect this understanding in engineering design. The Ochiai
Laboratory conducts research on tribology based on fluid
lubrication, focusing on improving the performance and
reliability of machine elements such as bearings and seals.
Experimental evaluations under practical operating conditions
are combined with mechanical and fluid dynamic analyses to
quantitatively clarify changes in friction and lubrication states.
Visualization techniques for oil film behavior and internal flow
are also employed as supportive tools to deepen the physical
understanding of complex phenomena. Based on these
insights, the laboratory develops design guidelines through
optimization of geometry, surface structures, and operating
conditions, contributing to practical machine element design
for industrial machinery and transportation systems.

Tribology-based Machine Element Research
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Human-Friendly Robot Drone Safety

HEANCEA—DBRBEANTAEZZETZ La—<YTLUR
D—ORy DR BEEINTEITVET RAEMRBTETIE A
TOLSHEa—TYTLYR)—ORY LT NAXDEIH
ELTVWET (L) IRILF—HErRE2EETZEE LN
T—RIX=Y Q) ANZHINRETL—FHEH LR
ZEBEBEHORYE () BREFTORY S B RIE R
O—>.Ea—</4ROKRYMARBSITAORY M) EiRbEE
EATBER S 2T L (4) HITIES R T L (B) XAZAHILT
L—F%EBWEB Y R—rX—",

Powered suit considering energy consumption and safety

PC

Four-Legged Robot Humanoid Robot

In recent years, the demand for human-friendly robots which
support humans within human environments has been
increasing. Kai Laboratory is developing the following
human-friendly robots and devices: (1) Powered suits
considering energy consumption and safety; (2) Wheeled
mobile robots with mechanical safety brakes; (3) Systems for
remotely controlling robots (e.g., drones, humanoid robots,
four-legged robots) using only human eyes; (4) Gait training
systems; (5) Non-powered support suits with mechanical
brakes.
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Wheeled mobile robot with mechanical safety brakes

(Scene from brake performance testing)
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Eye Tracking Device

(Robots) (Japan) (USA)
System for remotely controlling robots using only human eyes
Arm support suit ~ Leg support suit
Gait training system Non-powered support suits
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Advanced Technologies for Next-Generation Mobility Systems

Innovation in Mobility Technologies through Mechanical, Electrical, and Control Integration

#2us Nk ] AssocProf. Atsushi Okuyama

https://researchmap.jp/hkato189
O https://www.u-tokai.ac.jp/facultyguide/faculty/3851/ W™ kato@tokai.ac.jp
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Power Unit System Control
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Engine Control Research for High-Response, High-Efficiency Power Units
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Mobility Dynamics
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MAGLEV Systems

At Kato Laboratory, we investigate mobility technologies from the
perspectives of human factors, actuators, structures, and control. Our
research spans a wide range of topics, including acoustics and
vibration, vehicle dynamics, power units, materials,and magnetic
levitation. Students can pursue research themes aligned with their
owninterests.

[Acoustics, Vibration,and Driving Operability] We analyze how
in-cabin noise and vibration influence driver perception and
operational behavior using physiological signals. Research topics
include steer-by-wire systems, active seat mechanisms, and
noise-control technologies that enhance operability and comfort.

[Magnetic Levitation and Flexible Structures] We study non-contact
support, guidance, and transport systems based on magnetic
levitation. The dynamic behavior and stability of thin steel sheets and
highly flexible structures are analyzed, and control methods for
flexible structures are explored with applications in high-speed
conveyance and novel support mechanisms.

[Vehicle Structures, Dynamics, and Materials] We examine the
interaction among handling characteristics, cornering dynamics,
aerodynamics, and power-unit behavior in racing vehicles, aming to
develop new motion-control concepts for high-performance cars. In
parallel, we evaluate the energy-absorption and failure characteristics
of CFRP crash structures to contribute to lightweight and safe
vehicle-body design.

[Power-Unit and Engine Systems] Research topics include improving
the response and fuel-utilization characteristics of reciprocating
engines and smallracing-car powertrains. We also investigate the
potential of hybridized and electrified power-unit systems.

RTTINATAVEE DR 51 F S ORI
Analysis of Steering Characteristics and Dynamics in Steer-by-Wire Vehicles

RBAFKRER BEEIFMER Graduate School of Science and Technology, Tokai University
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Study on Mechatronics System-Applied Electromagnetics

Non-contact support and transportation control for flexible objects using magnetic levitation technology

A#s BUH IEE  Assocprof Takayoshi Narita

https://researchmap.jp/takayoshin
O https://www.u-tokai.ac.jp/facultyguide/faculty/4092/ W tnarita@tokai.ac.jp
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Electromagnetic levitation devise for flexible object
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Magnetic engineering
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Vibration engineering

*Research on Vibration Phenomena of Flexible Objects

As the area and length of flat plates such as thin steel plates
and wires increase, even sufficiently strong materials deform
and become flexible, resulting in complex vibrations.
Vibrations arising from higher-order modes in magnetically
levitated flexible objects pose a significant obstacle to
levitation control, making it difficult to maintain levitation. Much
of the vibration phenomenon of such non-contact supported
flexible objects remains unknown, and our laboratory is
researching methods to elucidate and control these
phenomena.

*Research on Non-Contact Support and Transportation
Using Electromagnetism

Magnetic levitation allows objects to be supported and moved
without direct contact. However, when supporting large flexible
objects using limited electromagnets, deflection occurs in areas
beyond the support force, resulting in vibrations that make
levitation control difficult. Therefore, we have proposed
methods to levitate flexible objects by applying lateral tension,
installing permanent magnets to assist levitation, and bending
the object to a degree that does not cause plastic deformation.
We have confirmed that these methods improve levitation
stability. Based on these findings, we are researching new
manufacturing and transportation methods.
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Deflection of steel plate levitated by the levitation devise

Graduate School of Science and Technology, Tokai University RBAFEKRFE R HSBEITFHER
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Power transmission systems with using friction

High-speed transmission for EVs and drive wheels of robots

iz IJ.IZIK 3  pror. Takeshi Yamamoto

https://researchmap.jp/yama-ken1969
O https://www.u-tokai.ac.jp/facultyguide/faculty/4091/ W yama-ken@tokai.ac.jp
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Tribology

Yamamoto laboratory aims to develop innovative mobility
platforms and robotic systems that employ friction-based
power transmission, while also elucidating the fundamental
mechanisms of friction and improving their performance.

Specifically, our researchincludes:

(1) the development of an ultra-high-speed powertrain for
electric vehicles capable of reaching 50,000 rpm,

(2) the creation of a ball-bot-type omnidirectional drive wheel
capable of 360°motion,

(3) the development of high-speed experimental rigs for
evaluating these systems, and

(4) the elucidation of friction phenomena through numerical
simulation

We actively pursue collaborative research with industrial
partners and aim to deliver R&D that benefits industry.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Microneedle/Sensor Technologies for Improved Healthcare

#i% FEA &  rrot. Kazuyoshi Tsuchiya

https://researchmap.jp/read0127000
O https://www.u-tokai.ac.jp/facultyguide/faculty/3019/ ™ k_tsuchiya@tokai.ac.jp
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Motivated by the aim of achieving painless blood sampling, we have
conducted extensive research on wearable healthcare monitoring
systems. Our work was inspired by the remarkable blood-feeding
mechanism of female mosquitoes, which extract blood with
minimal perceptible sensation. Drawing on this biological insight, we
applied our ultrafine tube fabrication technology to develop one of
the world's smallest metallic hypodermic needles, a device with the
potential to substantially reduce the burden onindividuals with
diabetes who require daily blood sampling.

Because the entire sequence —from skin penetration to blood
extraction and biochemical analysis —must be integrated within the
spatial constraints of a wristwatch-sized device, we have employed
advanced functional materials and microactuators to pursue a
miniaturized, wrist-mounted analytical platform, effectively a
“laboratory onthe wrist.” In parallel, we have established fabrication
techniques for nanosheets that exhibit flexibility and mechanical
strength surpassing those of conventional biomaterials, thereby
expanding the scope and applicability of our research.

Building on this progress, we are currently developing a flexible,
skin-attachable sensor utilizing these nanosheets to detect latent
heatstroke, a potentially fatal condition that often goes unnoticed
untiladvanced stages. By incorporating solid-state electrodes onto
ultrathin films, our system enables continuous transdermal
monitoring of physiological parameters such as pH, providing the
sense of “listening” to the body’s signals in real time.

Inthe field of medical devices, engineering efficiency often takes
precedence over patient comfort. In contrast, our goalis to create a
future-oriented medical experience that integrates seamlessly into
daily life while minimizing pain and discomfort. Developing
technologies that empower individuals to live healthier, more
autonomous, and longer lives is what continues to drive and inspire
our research.

Graduate School of Science and Technology, Tokai University RBAFEKRFE B HSEITFMER
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High-Performance Thermal-Fluid Devices via Understanding, Prediction, and Control of Complex Flows

Integrating Numerical Simulation, Experiments, and Machine Learning

e fEE BEEE  AssocProf Naoya Fukushima

https://researchmap.jp/naoya_fukushima
[ https://www.u-tokai.ac.jp/facultyguide/faculty/4188/ ™ fukushima@tokai.ac.jp

Research and Development of Railway-Related Technologies

Research on Railway Vehicles and Related Technologies

#m T BB Lecturer Tsuchiya Hirotarou

https://researchmap.jp/hirotsuchi
O https://www.u-tokai.ac.jp/facultyguide/faculty/4286/ ™ tsuchiya.hirotarou.g@tokai.ac.jp
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Qur laboratory conducts research onrailway vehicle—related
technologies with the aim of advancing railway vehicle systems that
contribute to reducing environmentalimpact andimproving
transportation safety and comfort. Railways are recognized as an
environmentally friendly mode of transportation, characterized by low
CO, emissions per passenger carried. At the same time, railway
vehicles are complex systems composed of a wide range of
technologies, and our laboratory addresses these technologies froma
cross-disciplinary perspective.

Theleft figure shows a gyro monorail equipped witha posture
stabilization device known as agyro unit. We carry out the entire
process from design to fabrication, and through repeated trialand
error, we work toimprove vehicle stability. The knowledge obtained
from this work is applied to the development of body stabilization
technologies for railway vehicles.

Theright figure shows an experimental apparatus for investigating
vibro-acoustic coupling phenomenain thin-walled cylindrical
structures, such as those usedinrailway vehicles. Whena thin-walled
structure is subjected to periodic external forces, vibro-acoustic
coupling occurs due tointeractions with the internal acoustic field.
Suppressing this phenomenon makes it possible to reduce structural
vibrations and noise.

Onthe other hand, by intentionally promoting and utilizing
vibro-acoustic coupling, energy can be harvested through
piezoelectric vibration-based power generation. Our laboratory is
therefore also engaged in research on the practicalimplementation of
power generation devices that recover the electrical energy obtained
inthis manner. The knowledge gained from these studies is expected
tobe applicable not only to railway vehicles but also to other fields,
including aerospace and mechanical structures.

Inaddition, our laboratory places strong emphasis onresearch-based
educationin which students take the initiative in design, fabrication,and
experimentation, fostering abalance between hands-on
manufacturing experience and theoretical understanding.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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The Fukushima Laboratory investigates “complex flows”—
including turbulence, non-Newtonian flows, and multiphase
flows—that govern thermo-fluid system performance. We
integrate understanding, prediction, and control to establish
practical design and control guidelines for enhanced performance
and reduced environmental impact. Because complex flows are
strongly nonlinear and multiscale, with near-wall and interfacial
phenomena playing critical roles, the dominant mechanisms can
shift with operating conditions and property variations, making
consistent modeling and prediction challenging.

Toaddress this, we combine numerical analysis, experimental
measurements, and machine learning within a physics-grounded
framework. We use direct numerical simulation (DNS) and
large-eddy simulation (LES) to clarify turbulent transport
mechanisms, and evaluate near-wall droplet behavior using a
discrete droplet model (DDM) with particle image velocimetry (PIV)
velocity fields as the background flow. Stereo-PIV and high-speed
visualization provide data for physical insight, model refinement,
and validation of control laws under practical conditions.

Building on these data, we apply machine learning for feature
extraction and time-series prediction, and employ deep
reinforcement learning for non-similar control of wall turbulence to
enable simultaneous friction drag reduction and heat transfer
enhancement. Our current projects also include bio-inspired
drag-reduction devices and quantification of particle distributions
inpseudoplastic fluids. Ultimately, we aim to translate improved
predictive accuracy into guidelines that are useful for engineering
design and operation.
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Functional Development and Evaluation of Advanced Materials Using Hydrogen

Toward a Hydrogen Society and Carbon Neutrality

s N ANJLL—PFEK  AssocProf Helmut Takahiro Uchida

https://researchmap.jp/HinMe
[ https://www.u-tokai.ac.jp/facultyguide/faculty/4187/ ™ helmutuchida@tokai.ac.jp
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Hydrogen Functional Materials
AARETIF KRZI IR F—FF T LTEIT TR

IRz I SHYY—IL1 e LTER L R E
DFFE CEHIR AT DREILICEUD ATV E Y,

FHMBT XIS DOBFICHDNET,

(1)K - EBAMH R BB B E R OB RAER
BRECEEKRITEEE Mg-PAdRBE) DRFEZITL.
KEHBROBBRMICEMLTVET,

QEEZBEMM oY —PT7IoFaIT—RIIGHATIND
Sm-FeR{EBIRICHE VWTKRWLIBIZKZWEBISIHIEH
FEMR LEEMEZRARLTULED,

Q)R EE MR EFRBHICL I RAMERE
fg (CFRP/CFRTP) D& Bt M xMAE L. BHE-MZ
FEAFOEE(ICEMRLTVET,

(HREEELTE KRETEZRVCER/E0FRE
DEBEIRIIF—EETME VWS RBRMzHEIIL & LT
(5)BEFME S ROBBMEREBICAIT. ZVITXT Y
AN=BIEHIE T BKEREBOERICIDBATVET,

(6) K Z=BEfL - MM 1L B MBI OB R FRIEICT T
BKRDHEZIFRRETHMT M zAELTVET,

CNSDOMAEIF A—RYZa—rIIILHRORRICEIT
KEIRILF KRR EE) T OBE{.ZLTH
BHEREME LICEEERI2DDTY,

6. Hy en
Embmmyl::ng Testing

B
o)
) ‘Q’@%‘

Hydr
oo

Mechanical
ress Diagram

5. Tungsten Divertor
Material for Fusion

AR L 12 SR

Fiber-Reinforced Composites

1. Hydrogen Storage Materials

> r=3 E\ 0

6% - REEHMD
1 Thin Film/Interface Evaluation
QOur laboratory utilizes hydrogen not only as an "energy

carrier" but also as a "tool for enhancing material functions,"
working on the development of next-generation materials and
evaluation technologies.

Our research covers six main areas: (1) Hydrogen
storage/permeation materials for fuel cell vehicles; (2)
Magnetostrictive thin films with hydrogen-based stress
control; (3) Electron beam irradiation for strengthening carbon
fiber reinforced polymers; (4) Interface adhesion evaluation
using hydrogen loading; (5) Tungsten materials for fusion
reactor divertors; (6) Hydrogen embrittlement and mechanical
property evaluation.

These studies contribute to hydrogen energy technology for
carbon neutrality, lightweight next-generation mobility, and
material reliability improvement.

2. Magnetostrictive
Sm-Fe Thin Film
Magnetic Field

Substrate

3. CFRP Composite with
E-Beam Irradiation

Electron Beam Irradiation

'4. Metal/Polymer Interface H-Loading
Hydrogen Gas Source

&P (]

Hydrogen Loadin
Yesting Diagram

Metal  Polymer

Metal/Polymer
Interface

Samnple
B Holder

A 1, Sample
v__II" Holder

CFRP Composite
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Microphysiological system based on microfluidics

From drug discovery and regenerative medicine to space

#198 KA BXE  pror. Hiroshi Kimura

https://researchmap.jp/hiropain
O https://www.u-tokai.ac.jp/facultyguide/faculty/3603/ W hkimura@tokai.ac.jp
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Bioengineering

ARARETRH XA IVORGTNAZABEMEEBRELTE
HKOWNREZREBICBR T 7OEFEMRS T L
(Microphysiological Systems: MPS) O ZERIFICED
HHATVET.RROMIIBETISHEIRH L L\ E &
B EAMBAN BR - RESPHRLEIYAIIVORT—ILT
HIEL. E NERIZE W in vitro SFERZBET I
FL2ENTIHBE HE.BEZCOERESRL S EHK
fE 2R EAEBIMPS, S5 ICIZHEMRIEAIRE(LIE (ALS)
MEL. BEOIBERE VS TORBERENETILETIRIA
CERL.EM- s TM EMe Rt BEERSIER
MABBLTWE T MR T AEME-EREECFER
RTFTOMBEETEAE L FHBRIANTCHABEBHELT
WET . EFEBPEEERAMARZBEC T BMERLE
CRBZRERFTFMT SV T+ —LOHREEZBIEL.A
B-ANIWRT T EHICIEFEENFEETTERT 3% Z
EHTWET,

Brain Blood Barrier in collagen gel with

\‘ perfusion

R4 0FRERS AT A

Microfluidic System

BMF 2019; J Neurosci Res2022;
Front cell Neurosci, 2025

FRIRIES 2 T L

Microphysiological System

Our laboratory focuses on developing microphysiological
systems (MPS) based on advanced microfluidic technologies
to recapitulate microscale physiological environments
precisely. By controlling parameters that are difficult to
reproduce in conventional cell culture—such as organ-organ
interaction, shear stress, and spatial gradients of oxygen and
nutrients—we aim to establish in vitro platforms that more
closely mimic human physiology. Our research spans from
single-organ models of the intestine, liver, and kidney to
multi-organ integrated MPS, as well as disease-specific
models including amyotrophic lateral sclerosis (ALS), cerebral
ischemia, and kidney ischemia-reperfusion injury. These
systems are applied to drug efficacy testing, toxicity
assessment, pharmacokinetic analysis, and regenerative
medicine support. We are also expanding into emerging
research areas such as reproductive cell and tissue culture
and the evaluation of cellular responses under spaceflight
conditions. Through collaborations with industry and
international partners, we strive to develop next-generation
evaluation platforms that serve as alternatives to animal
testing, advancing drug discovery, healthcare innovation, and
space biology.

Amyotrophic Lateral r Multi-organ model
Sclerosis disease model

Evaluation of ergan-organ interactions

Commun, 2017;
Biosensors, 2025

-
BMF, 20'1; Hepatol | Gut model

JBB 2011, 2014;

JALA 2015;

BMF 2020,

Sei Rep 2021;

JEEJ 2024;

PMAS MNexus 2024,
Micromachines 2025;
Fund Toxicol Sci 2025

Lab Chip 2008; IEEJ 2009; Sci Rep 2024; -~ o
Micromachines 2025; Biosensars 2025

-

r

Kidney model
Shakic Crvnamic

Fou
Sl S0
o

Proximal tubule
structure model for
toxicity assay

| BMF, 2018, BBRC, 2021, Lab Chip, 2023, 2024 |

Testes model

BBRC, 2018; Reprod Med Biol. 2019; Sci Rep,
| 2016, 2018, 2021, 2023, 2023, 2024, 2025

Long-term testis
tissue culture

production system  Embryn culture system
with sperm sorter
IEEE Nanobio, 2009; IEEJ, 2016;

Mat Commun, 2025, PNAS, 2026

\.
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Development of functional coating materials and evaluation technologies for mechanical properties

From organic solar cells, active oxygen detection to web handling

gz 58 BE  prof. Satoru lwamori

https://researchmap.jp/read0100175
O https://www.u-tokai.ac.jp/facultyguide/faculty/3438/ W iwamori@tokai.ac.jp
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Thin film sensors

RATOF/LARIILRT=)L TR OBEEHIHTZ
TH - RIEEMME ORI ICDARND T ARETETIL
RNy R IRELEEKE W\ SAERIGEF B LT
MSEEOBIR I IHEMN. BEI oYy NEEFIALE
BEEIRIEMIC K2 ERAIR R RERE LR
DM AEEE QMBI MOEREETOTVWET 7
EETERNICO—TrV T RREERME LT EMER
B74ILLDERD WEREMICOVWTHREFLTED T,
SERIGEFRLICBEREEREM TR BN CBR25
HEGETZIEHAETI e xIE RUT RS T/ILA40
IFLY(PTFE) IZBBOMBTITAGERMEDE VEEIC
TREENTEET, T EREEREEM(VOCO) Bt
AR HERELE TIRA CADOBEAIBEINZE LR
ROV BRENDEBEZEE LR ZEO TVWETBET
VO TY b ERWE B TFREBR O IEE
EEABENOBEFEEBORMICIGAT D CERETL
TUWETFETIRFVIITAIINLPERBABGEDEVE
MEBRTCEEIWMBIBICRETIRBEOETIVIEED
BERERICDOVWTHRETLTVET,

RO7 2h4 bKIZE;

Perovskite solar cells

Without coating layer | With fluorocarbon thin film

PETZ+)LL EICPTFEZ 2 —/7y b X L TR/ R 2 I KD LICHRR
Transparent Thin Films sputtered onto Polyester Film

Without treatment ~ OH* (high humidity)

EROFSSIUNIVEMABI VDT —4
Thin film indicator that specifically reacts to OH*

O—J)L-Y—-0—)Lih%

Roll-to-Roll transport process

Creation and processing of micro and nano-scale materials for
mechanical engineering are highly required in various industries. In
this Lab.,, functional coating materials and processing technologies
are developed due to the dry processing technologies, wet printing
technologies using electrostatic inkjet printing and new evaluation
technologies for mechanical properties of thin films ina micro and
nano-scale region are also developed. In addition, we are also
investigating winding and transporting technologies for substrate
films as a fundamental technology for continuous thin film coating.

New thin film sensors based on quartz crystal microbalance (QCM)
method are developed and applied for detection of volatile organic
compound (VOC) and active oxygen species. These sensors can
be applied for various industries, i.e., manufacturing of

semiconductors and sterilization process in medical and food fields.

For example, polytetrafluoroethylene (PTFE), a white material, can
be fabricated into highly transparent thin films.

Titanium dioxide thin film deposited by electrostatic inkjet
deposition technology are applied for the formation of electron
transport layers in organic thin film solar cells.

We are also investigating modeling and solutions for defects
generated during high-speed winding of thin substrates such as
plastic films and metal foils.

785kv Syringe filled with TiO,
solution

FTO-substrate

BBy NEORRR
Schematic diagram of Electrostatic Inkjet Method
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Research on thermoacoustic phenomena

Development of thermoacoustic devices that enable cooling and power generation from heat via acoustic waves

#im BB E®  pror. Shinya Hasegawa

https://researchmap.jp/thermoacoustic
[ https://www.u-tokai.ac.jp/facultyguide/faculty/3417/ ™ s.hasegawa@tokai.ac.jp

BTy #oh%

Thermodynamics

B s

Thermoacoustics

AEERRITEIVRBORTHZEARINE T FK
ZN LA EOREERIITONSRR T AEE
RRICIHOTADMERICERSE IR E IR TASTE
BRI CRBISENHEE T —A EFICIoTHRNMEE
DNOBBICEEINZEBEIRIE— MRV TRAFEE—H
RUTIERBTIEHHRET,

AEERBONNTHZEREZ IR THEETSEEICA
NINE D SHREZITSCCHNERZIATERERZ
BRIBZCHHRE T TATERBECATE L — K
VTEBERITNE BROBREFB LT ARZEDHTE
BZBREITZCHHRIT U LOFHH S ATERR
ZRALIEEEIR EADSRBY AN ZRRIIREL
LTHRBINTVERIT AZTERRZICALICEEICIIUT
DESBRRBEFELE T

Q@ HACEEDIRILF—ERETIBICER N PE—E
VEOEHEBREXNBELARWV D TRILF—BHRER
fLIFARBWICA T FVRTI—=TT,

@ TEHA. BB EHR. AGARF. SRR ZH A
LIicE—hRYTF(SE-MB) PHREBL R T LZRETE
ZEREMED BHD T,

@ FEMICHEVRANE (KTHETRRA>FTENT—E#H
MET30%) ZHBLTWVED,

@ UFEEEIB B IFRRILARER L E— bR
> 7 (B MNER) ZRIFABETY,

HMAETIRATERKRZEARNREROER . EEAND
ISREVWSHENSHEZTOTVET FLLEITLTER
NORBETOIBRICHKEICRD I T7RERDIATHIT-
TULWETATERKIPI TR CANEETIEERRVIRSR
THOH ERDSICA RALETSIRISESHARDL ETER
CECHEEVEEIZEEZITVETD,

T = 24
sk[=F
Electromagnetism

Thermoacoustic phenomena involve the conversion of heat
into work via acoustic waves inside a “regenerator,” a bundle of
narrow channels. A device that converts heat into work by
thermoacoustic phenomena can be considered a heat engine,
or a “thermoacoustic engine.” Conversely, a device that
transports heat from low temperature to high temperature by
work can be considered as a heat pump or a “thermoacoustic
heat pump.”

A thermoacoustic generator can be constructed that
generates electricity from heat by inputting the acoustic
waves produced by the thermoacoustic engine into a device
that generates electricity from oscillations. Additionally, by
connecting the thermoacoustic engine to the thermoacoustic
heat pump allows for the construction of a device that uses
hot heat to extract cold heat. Devices that use the
thermoacoustic phenomenon are expected to generate
electricity and provide cooling from waste heat due to these
features. Devices that apply the thermoacoustic phenomenon
have several advantages.

@ The energy conversion part is essentially maintenance-free
because it does not require mechanical parts, such as
pistons or turbines, to convert heat into work.

@ Various heat sources, such as factory and automobile
exhaust heat and solar heat, can be used for heat pumps
(for cooling and heating) and power generation systems.

@ It has an intrinsically high thermal efficiency (30% in heat to
acoustic power conversion efficiency, according to
previous studies).

@ Heat pumps (cooling and heating) using non-greenhouse
gases can be realized without having moving parts

In our laboratory, we study thermoacoustic phenomena from
two perspectives: understanding the fundamental processes
and applying them to devices. In parallel, we are conducting
research on linear generators, which are necessary for
generating electricity from acoustic waves. We believe that
thermoacoustic phenomena are a fascinating area of study.
These phenomena involve the correlation of acoustic waves
and heat, and have applications ranging from basic research
to practical use.
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Study on‘laser quantum processing and its industrial applications for realizing society 5.0

From Biomimetics to energy source application

#is S Bt ot Masaki Hashida

https://orcid.org/0000-0003-4834-0138
O https://www.u-tokai.ac.jp/facultyguide/faculty/6733/ ™ hashida.masaki.f@tokai.ac.jp

Mechanical Engineering and Aeronautics and Astronaulics
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Biomimetic Research in Aeronautics and Astronautics

Learning from the Shapes and Motions of Organisms

#3m FEH =1  eror. Yoshinobu Inada

https://researchmap.jp/y-inada

[ https://www.u-tokai.ac.jp/facultyguide/faculty/3433/ W™ inada@tokai.ac.jp
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Laser quantum processing Biomimetics Energy source application

MEOWEREEHIZ I RILF—DE/NILIE/NSILR
L—H—%2MHRAEICBE T ZORAITTIL—>3
> (REFE#) L BN L —H — 458 0 BB 2 s
EY (LIPSS) AAREICECHEBIICERINET. D
LIPSSIEL—H—RELDEVWEYFORFRRERF>TL
F9, LH L. ZDOEREEIEDD>TUVWERALLIPSSIEY
CETNSKTERDNMN ZLTCEDESICLTEBDE—M
EEHZDOMETNEEEDLSICHIETEN.CNETHR
ANEOEFEATLIZ LA L RIEDOHKLZDHTDERIC
SDOXDZXLBRAD =D DERFMA TR L F LI /N
AL —=H—ICLDESEBNICER SN2 MEEEY D
HEREWERCICEMAEICERDE A ZDOFEHR X=X LB
CHEAEEY A MR REICANTZCTREIIHTR
e RDOIT2ZCEMERZICLTVWET, €L THEEE
ERERTZ-O GHAFMICHEBER YA IOME 21ES
L—H— MR AR EM ZREL £, ZFROHBEH
TR S ZE & IR & B RS IE YT B C AR REAT LAY
ROMBERBFICEVWTHEED S LEYRERLIEVWEE
A TWET,

When a material surface is irradiated with a short pulse short
pulse laser with energy exceeding the destruction threshold
(ablation threshold) of the material, the surface is ablated
(scattering and peeling), and periodic nano-structures (LIPSS:
Laser Induced Periodic Surface Structures) are
self-organized. The LIPSS has an inter-spacing of LIPSS much
shorter than the laser wavelength. However, its formation
mechanism is unknown. Therefore, we do not know how small
LIPSS can be produced, how to improve the uniformity of
LIPSS. Just recently we have developed ain-situ
measurement apparatus for LIPSS formation mechanism.

The research goal is to work on basic research and applied
research of nano-structures that are self-organized by short
pulse lasers, elucidate the formation mechanism, and find
novel functions that are manifested by adding nano-structures
to the material surface. To explore new functions, we will
develop laser functional material creation technology to
create materials of the size required for measurement and
evaluation. We would like to accelerate collaborative research
and fusion research in the university and show our laboratory
presence in the research fields of nano-structure formation
and new functional material creation.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

NAFANZHR INAFIATAYR SHRITLAEDANZZALEE
Biomechanics Biomimetics Mechanisms of Flight and Swimming

EMHEACICEOTEIC DTSN CE ST OMEEA
ZOMLTAIMICISA T BMBRENATIATA IR ET
ATWET MERETIFEERIEY KPR ZRSEMZST
RELIENAAIXTA VIR ERZITV EDOHREMER
BREDBBKICISATBMEZTOTVLED

BEMICIIEYMD BN EZEBHEAESEICLIERARKD
BHHEC BB N TRITISEZSEICLCREGRARA
FORE KPR TESTEYDFICRHITTEHRCRE 2R
STHEAZAIMICICAI BMELEZTOTVED

COLSBMEZBLTEHIAXATREIXNERS TEE
BT LZERLSDCSICRBINBZI Y RTFTIL 4t
SORBICAITIERMZRELE T

The field of biomimetics involves analyzing the superior
shapes and movement mechanisms that living organisms
have acquired through evolution and applying these principles
to the design of artificial systems. In our laboratory, we
conduct biomimetics research focusing on organisms that fly
in the air or swim underwater, and we explore how the insights
obtained can be applied to vehicles such as aircraft.

Specifically, our work includes the development of
swarm-control systems for aerial vehicles inspired by the
mechanisms by which animals form groups, studies on
autorotating flying vehicles modeled after unpowered flying
seeds, and research that applies the drag- and
noise-reduction mechanisms found in aquatic organisms to
engineered devices.

Through these studies, we aim to realize energy-efficient,
low-cost, low-noise, and highly efficient systems, and to
propose technologies that contribute to the creation of a
sustainable society, as symbolized by the SDGs.
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Investigating the Aerodynamic Characteristics of Supersonic and Hypersonic Aircraft Using Molecular Imaging Techniques

Development and Application of Pressure-Sensitive Paint Optimized for Extreme Time Response

#ays Bl KB assocprot Daiju Numata

https://researchmap.jp/numata_daiju
O https://www.u-tokai.ac.jp/facultyguide/faculty/4139/ ™ numata.daiju@tokai.ac.jp

RRZEJNF

Experimental Aerodynamics

BHEARETIIRITEEN TR ZAS LB ZBE R &
BERMZERORREICTIRGERENHEREZRNR L
THRZIT> TV E T HOETCLINSDOMRZMET B 7
DDFAR—I VT OBRZED ANTFER LRARET
AEMORAEICOIDEATLET,

(1) FHEFSEZBRETEHEREZRORRE

EEZE ¥ (Pressure-Sensitive Paint: PSP) (. XEBED
BRENLICE DTS AROBESEDE L TR IEBEDE
B LTEBIL TR DFAX—JVIEMD—B T K
HEDN—ETHZIERE T TIFBEDEIIEADICRHETS
7D HREREICPSPZ R L THNABEZIRE TH L
T REARENBEZEADFELTUHDOBEZELESOHTEHE
TEEIBEHMABETIF. EAZICH T IRENT T
1OOMISETZBERBEAUGBREBICEERKRERR
(DP-AA-PSP) 1 =B ICRIH LT W& J, IR7E. DP-AA-PSP
ORMEE EICAGZARICNZ  BE R SREBE R T
BT IEEEFRFRRANOBAMARLZEDTUVET,

(2) BEE-EEEEMERARICEIZIENRROMAR
BEEE - BB EEMERDRFTICIE N REEFHICS T
PERELUVEROENRFEZIBEL.TCOERICHEIEHE
RPERBREDENRR BRI B EHREIRTY, &
SIC.EREBATIRITIDMERDISRET DV =YY
T—LORMzEEILL . RERLOREORRICET S
HRZ[(2BENHD XY, BEMKETIE.DP-AA-PSPZ
AW EEE BEERTRATSIMERREREOE
IRV w7 - LICER T2 EBENSZEETR
ET3EICED BER MBEERMEMDRERIRICHIT
ZHREOAEZRELTVET,

(3) KEMEHDERZBIELIHR

RO GDAERBEPAEEZRICEVTI MERICLDE
BB CREMBHNEELREZES LHFTFINATL
T BHAMRETIIANERR T TRITAELMEKD
RPN EMEROZNRFEICEISIMEZRBL T X
EMZEROERRICEITERN MR OBEICIMOEA
TLET,

RRJE - R R

Pressure and Temperature Sensitive Paint

B8 BB EME

Supersonic and Hypersonic Aircraft

Numata Laboratory conducts research on high-speed
aerodynamic phenomena that are essential for the development of
supersonic and hypersonic aircraft, whose flight speeds far exceed
the speed of sound. In parallel, to accelerate these studies, we also
develop advanced fluid measurement techniques that incorporate
the concept of molecular imaging.

(1) Development of pressure sensitive paint with maximized
timeresponse

Pressure Sensitive Paint (PSP) is a molecular imaging technique
based on the oxygen quenching of pressure sensitive
luminophores, in which changes in the surrounding oxygen partial
pressure are visualized as changes inluminescence intensity.
Under conditions where the gas composition is constant, oxygen
partial pressure corresponds to pressure. Therefore, by applying
PSP to a target surface and imaging its luminescence intensity, it
becomes possible to measure the surface pressure field as a
spatial distribution and to capture its temporal variation. Numata
Laboratory has independently developed a Dye-Painted
Anodized-Aluminum Pressure-Sensitive Paint (DP-AA-PSP) with a
submicrosecond response to pressure changes. We are currently
advancing research to further improve the characteristics of
DP-AA-PSP and to apply it to unsteady shock wave phenomena
propagating from supersonic to hypersonic regimes.

(2) Research on aerodynamic phenomena that support the
development of supersonic and hypersonic aircraft

The development of supersonic and hypersonic aircraft requires
an understanding of the aerodynamic characteristics of wings and
full configurations in the relevant flight regimes, as well as the
underlying aerodynamic phenomena that govern them, such as
shock waves and boundary layers. In addition, it is necessary to
quantify the characteristics of sonic booms generated by aircraft
flying beyond the speed of sound and to address issues that arise
in practical operation. Numata Laboratory uses DP-AA-PSP to
quantitatively visualize unsteady pressure fields, including surface
pressure distributions on aircraft models flying at supersonic and
hypersonic speeds and unsteady pressure fields associated with
sonic booms. Through these measurements, we conduct research
ona wide range of aerodynamic phenomena toward the realization
of supersonic and hypersonic aircraft.

(3) Research toward the realization of Mars aircraft

In future Mars exploration and human activities, aircraft are
expected to play animportant role in enabling rapid and long range
mobility. Numata Laboratory conducts a variety of studies toward
the realization of Mars aircraft, including investigations of aircraft
concepts capable of flight in the Martian environment and research
on the aerodynamic characteristics of Mars aircraft.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Improvement of miniature low-power plasma thruster systems

Novel breakthroughs-of improvement of miniature ion sources for space propulsion and material processing applications

s YRE HLZ Pot Hideyuki Horisawa

https://researchmap.jp/Horisawa_Tokai_Univ
[ https://www.u-tokai.ac.jp/facultyguide/faculty/2286/ W horisawa@tokai.ac.jp
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In-space plasma thruster

EEMRECTE. FTHEEEACRBMAATREASEE -
HROTSARATYRIVS UM F VIOV DEHE%E
FoTVET.CORBDIVY Y TR BEDFSATH F%
Y RTZIBEBELAHDETNEFHEETIII OS> OH
X BEVERINKBICFIRINZDTNEL - B3R
HNREBETT ZDEHICIFEFEOEIICESONAWVEIE
IR THROEEVESADHFRTAITTHBRETI IR
ERDHATVWIRKRHARIAET—<IEFUTDBED T,

LBNETVYRLRAFIIIDY

BEREODAAVE—LEERTZAANT HWAELETIE
BRABTROBNET )Y RLRAAAYIT VO VDOE N
BELICERDEATWE T, BEMARCENNT 2SR
HETRTZETHMERELERBLTVET,

2)BNETFT—OT Ty

HRAERETMEAL T/ I DESHZEN A VER TIE
TE2AR T HMABEETIE BEREH v —RODEDHA
ZADBNT =0Ty PRI FT—o Ty HE
BICRETEERRBKOHBREELDRATDIN
Bl -SSR ICERDIAATULETD,

3) L—4'—  BRENEE S e

L—H =TT —2avIiliDEELILBRETSSAN%E
BHOICETSICMES S AR (L—H — - BHMEESH
EH) T RIRLF-—BEDTIATZESICREMNIC
BFNILATERIZ20TRNT—BE. IADERRE
DFSAIE—LZHETRTY. E545 MR LICE
DIEATWVET,

Miniature grid-less ion engine

BN AT

Miniature ion engine

L—Y—-EXRESHER

Laser-electric hybrid propulsion system

Development of high-performance, highly efficient plasma
rocket engines and ion-engines for long-term in-space
missions are undergoing in Horisawa Lab. For these kinds of
engines, itis necessary to generate highspeed plasma
particles. Since dimensions, mass and power for the engine
system are limited in small spacecraft, miniaturization and
improvement of efficiencies are extremely essential.

This requires us to break free from conventional thinking and
embrace the bold, innovative ideas of the young generation.
My current research focuses on the following topics.

1) Miniature grid-less ion-engines

To generate high-speed ion-beams, improvement of various
geometries for miniature grid-less ion-engines are
conducted. Optimization of electrode geometries and
magnetic-filed topologies is being conducted and has
demonstrated improved results.

2) Miniature arcjets

Electrothermal acceleration of arc-heated propellant is
conducted through aerodynamic acceleration of anozzle. A
wide variety of arcjet thrusters is being developed and
optimized, such as miniature ones as small as a tip of a
mechanical pencil, a multi-arcjet array, the one employing
non-taxic safe propellant (ex. carbonated water), etc.

3) Laser-electromagnetic hybrid propulsion system

Electromagnetic acceleration of a high-speed
laser-ablation plasma, or laser-electromagnetic hybrid
acceleration, is conducted. Since this system gives
temporarily compressed energy to the high-power density
plasma, a significantly high-power plasma, or namely
high-speed plasma, can be generated. Further
improvement of the system is conducted.

Miniature arcjet array S e ———

laser-electromagnetic
hybrid thruster
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Research on fluid dynamics under extreme condition: high-temperature, high-pressure, high-speed

Application of shock waves for propulsion and safety engineering

#13 IKE $858  prot. Toshiharu Mizukaki
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Numerical Simulation of Unsteady Flow Phenomena and its Engineering Application

Development of Eco Mobility based on Vortex Dynamics
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1) Detonationis a supersonic combustion wave in which shock
waves and combustion propagate together. This is because itis
theoretically estimated to be about 20% high-efficiency, and it has
many advantages as an aerospace propulsion machine, such as
being able to achieve both high output and high efficiency, and
because it has a simple structure, it can be lightweight. In our
laboratory, we are conducting research that contributes to
practical application through combustion experiments of our own
RDE.

2) Inthe event of an accident or incident involving an explosion, a
phenomenon called primary explosion occurs when a strong
shock wave passes through the human body, causing external
damage to humantissues, but there are many unexplained parts.
We are conducting basic research on the mechanism of primary
blast injuries and methods for prevention and reduction.

3) Wake turbulence around aircraft affects aircraft safety around
airports. Solving the sonic boom problemis essential for the
realization of the next generation of supersonic airliners. On the
other hand, these are limited to being elucidated by scale model
experiments, and actual aircraft experiments are required. Our
laboratory is working to realize a high-precision
super-telephoto-measurement method using wavefront
compensation, which is one of the most advanced technologies in
astronomy.
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The examination and estimation of unsteady flow phenomena
around moving vehicles including automobiles, airplanes, and
ships are crucial for the realization of high-performance
vehicles, airplanes, and ships. In our group, the state-of-the-art
flow simulation technology has been applied to various
engineering fields including solar cars, solar airplanes, ships,
medical simulation, and so on.

Furthermore, a new type of grid-free numerical simulation
scheme has been developed. Our group has carried out many
collaboration works with various industrial companies or other
universities and research institutes.

The technology has also contributed to great results of the
Tokai University Solar Car Team in many world solar car
challenges.

Sophisticated Simulation:Technology.

Expert knowledge and experience on
Aerodynamics and Vortex Dynamics
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High-Precision Orbit Prediction of Space Debris

For Sustainable Space Utilization
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Space Traffic Management

Artificial Intelligence

The Tanaka Laboratory addresses the challenge of space debris,
agrowing threat to the sustainability of space development. Our
research spans multiple disciplines—including orbital
mechanics, space environment science, and computer
engineering—covering debris tracking and measurement,
hypervelocity impact simulations, and the development of
observation drones and onboard sensors. We are developing
innovative approaches that could become foundational
technologies for tackling this globally pressing issue.

1) Debris Orbit Analysis

We conduct research to precisely characterize debris motion,
including orbit determination, fragment dispersion prediction
following collisions, collision probability assessment, and
atmospheric reentry trajectory prediction.

2) Space Traffic Management

We study conjunction detection and collision avoidance
between debris and operational satellites. We also assess the
risks of reentering debris falling on aircraft, ground
infrastructure, and other assets.

3) Artificial Intelligence

We apply Al to predict factors affecting debris trajectories,
such as solar activity and atmospheric density variations,
improving the accuracy of reentry timing and location
estimates.

Mechanical Engineering and Aeronautics and Astronaulics
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Nonlinear structural analysis of flexible membrane structures

Capturing nonlinear mechanics with a novel simulation technique
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Isogeometric analysis
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Flexible membrane structures

KB B SRR

Stratospheric balloon

Isogeometric Analysis (IGA)

Finite element methods have long been used for numerical
simulations of structures and have become the de facto
standard. In contrast, Dr. Hughes at the University of Texas
proposed a novel simulation technigue called Isogeometric
Analysis (IGA) to replace the finite element method. IGA has
attracted enormous attention in the past two decades,
primarily among researchers in Europe and the United States.
IGA utilizes NURBS functions to represent the surface of a
structure, enabling a higher degree of freedom in shape
representation compared to the finite element method. Our
laboratory is conducting research to apply IGA to structural
analysis of flexible membrane structures. Figure 1shows the
inflated shape of a square airbag obtained using IGA. While
NURBS functions were originally developed to represent
highly continuous surfaces, integrating membrane mechanics
into IGA enables the representation of deep folds that occur
on the membrane surface.

Research and Development of a New Stratospheric Balloon
We are advancing research and development of a new
stratospheric balloon through collaborative research with
researchers from JAXA and other universities. Successful
practical realization of this balloon would enable a balloon
capable of flying in the stratosphere at altitudes above 35 km
for approximately 100 days, making it usable for scientific
observations and various engineering missions. Our
laboratory supports the development of this balloon by
investigating its structural characteristics using a structural
analysis code originally developed in the laboratory (Fig. 2).

Development of a Space
Environment Simulator

Debris Orbit Analysis and Collision
Assessment

Research for a Sustainable Space Environment

121 RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Improvement of safety control or efficient utilization for

nuclear reactors and fuels

#im B FEE  pror. Takanori Kameyama
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Nuclear reactor physics
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Nuclear reactor engineering

Nuclear fuel engineering

Nuclear reactor physics, nuclear reactor engineering, nuclear
fuel engineering and radiation measurement are the major
realms in nuclear engineering. Specialized calculation codes,
nuclear reactor simulators and radiation measurement
systems are significant for the realms. On the basic theories
and with the useful tools, fundamental researches are
progressed to improve the safety control or efficient utilization
of nuclear reactors and fuels. Research themes examples are
described below.

1) Properties and reactions of nuclear reactors and fuels
during the irradiation are clarified to propose the effective
technologies.

2) Nuclear plant performances are verified with the
mechanistic simulators to improve the safety control
technologies.

3) Radioactivity and criticality of spent nuclear fuels are
identified to suggest the reasonable technologies.
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A study of the life history and history of representational culture of Japanese houses

A clue to solve the problem of long-life housing

#is 1)\V;R BA3L  prof. Asae Ozawa
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Research on Space Architecture
Design-of 3D Deployable Structures

#1218 BB A prot. Akito Sogame
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Views on housing Building life span
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Conservation and regeneration

1) Historical research on Japanese housing

In Japan, it had been common to use old houses and recycling
materials until early 20th century taking advantage of wooden
construction. But at present, the lifespan of houses is short at
around 30 years, making it a challenge to establish a housing
circulation system to be passed down over the long term. To
find clues to this, we are considering past housing styles and
maintenance methods through user diaries, old photographs,
drawings and investigations of houses.

2) Cultural History of Japanese Housing

Japanese homes have been designed not only based on
personal taste, but also on the intentions of the government,
trends, and social conditions. Interior design, such as screen
paintings and detailed decorations, reflects the common
sense of each eraregarding the status of the room and the
expression of the user's status. By interpreting these
representations, we analyze changes in perceptions of
housing.

3) Conservation and regeneration of cultural heritage houses
Inrecent years, the preservation of cultural heritage buildings
has focused on maintaining them while they are stillin use, and
itis necessary to compensate for structural and functional
deficiencies while preserving the architectural value. We are
involved in identifying issues through case studies and
formulating conservation and regeneration planning of cultural
heritage houses.
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Deployable Structure

Space Architecture
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Architectural Design for Space

SOGAME Laboratory has long been engaged in research at the
intersection of architecture and aerospace engineering, and has
conducted a wide range of studies on architecture in the extreme
environments of outer space.

1) Research on Deployable Structures

As a set of elemental technologies for architecture to be used on
the Moon and in outer space, the laboratory conducts research on
deployable structures. To date, various morphological designs
have been proposed, and their geometric characteristics have
been analyzed. In addition, methods for fabricating models using
3D printers have also been investigated. Building on the Yoshimura
pattern, which allows one-dimensional deployment of cylindrical
forms, and on Miura-ori, which enables two-dimensional
deployment, the laboratory has proposed several ideas for
cylindrical three-dimensional deployable structures. Inrecent
years, research has also been carried out on thick,
three-dimensional models of these deployable structures, and this
work has received high recognition at international conferences.

2) Space Architecture Design

Inaddition to proposing designs for artificial-gravity facilities on the
Moon and concepts for lunar city planning, the laboratory has recently
been planning and operating a design competition called the Space
Architecture Award as anidea competition aimed at preserving
space architecture concepts for future generations. Through this
competition, numerous designideas related to space architecture
have been generated, and the operation of the competition has also
contributed to the creation of several space venture companies.

&

“*. 35th ISTS Best Poster Award i
First Prize Winner =
Mr. Jiaqi Jin
4 for the paper entitled
Design of 3-D Cylindrical Rigid Deployable Struc
. .with Integrated Connections and Its Effectiven
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Environment-conscious planning in space cooling/heating
and hot water supplying based on thermodynamic principles
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Environment symbiosis
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The ratio of exergy thrown into
a floor to a boiler output

(=119/459)

Space cooling/heating

Gnit W) 6:00 am, Jan, 20

Thermodynamics

We conduct research on heating, cooling, and hot water systems
that make use of renewable and recyclable resources.
Implementing passive technologies such as building insulation,
solar shading, and thermal (or cooling) storage is a fundamental
requirement, and on top of that, we integrate active technologies —
mechanical systems using renewable energy sources like woody
biomass and solar thermal energy. This combination is the basis for
system planning. We have especially focused on evaporative
cooling using rainwater and external solar shading in passive
technologies, and on woody biomass heating equipment, radiant
panel heating and cooling systems, and solar hot water systems for
active strategies. Since the environmental performance of these
systems follows thermodynamic laws, we are working on deriving
planning principles based on thermodynamic concepts such as
entropy and exergy. Additionally, because environmental
considerations in modern daily life require guiding new lifestyles, we
also engage in developing programs and establishing support
systems for housing education based on experience.

The ratio of exergy thrown into
a floor to a boiler output
76.5%

(=351/459)

The increase of ratio is much larger than the case of energy.

Improvement of piping insulation reduced chemical exergy input in 10%
and made radiant exergy from a floor twice.

Fig. Exergy flow comparison between poor piping
insulation and rich in floor heating system
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Analysis of Current Structural Design and the Potential of New Methodologies

Form-finding Analysis of Curved-fold Structures Considering Elastic Bending Deformation
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Curved-fold Structure

Structural Design of Building
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Numerical Analysis

At Nomura Laboratory, we conduct research on structural
designin the field of architecture. Current structural design
methods primarily target commonly used building shapes and
types; when a project falls outside these standards, it relies
heavily on the individual designer's interpretation. While safe
designs are possible through appropriate judgment, this
requires extensive knowledge and experience. Our laboratory
aims to investigate conditions that deviate from standard
codes, verify their behavior through theory and
experimentation, and propose methodologies that enable
designers to make informed decisions.

Recently, we have been focusing on "bending-active"
methods, which create curved structures by applying elastic
bending to planar members. Traditionally, curved structures
were formed by assembling numerous straight elements or
pre-fabricated curved components. By replacing these with
planar members and forming the shape through elastic
bending, we aim to streamline the on-site construction
process and improve economic efficiency. (Figures show
examples of such structures.) We are currently proposing new
structural systems and exploring numerical analysis methods
for form-finding.
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Study on.Shape Evaluation and Design Methods for Free-Form Surface Shells
Generation of Shell Shapes with High Stiffness and Strength
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Performance evaluation of floor finishing material and

proper construction labor
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Structural Optimization

Buckling Analysis
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Machine Learning

Thanks to advancements in construction technology, we can now
build free-form shell structures that go beyond simple geometric
functions. However, to avoid creating sculptural forms that are
structurally inefficient, we need a unified method to compare and
evaluate shells with different features, such as openings, free
edges, and support conditions.

Our laboratory proposes the “Bending Strain Energy Ratio” (the
percentage of total strain energy caused specifically by bending)
andits “variation range” as key indicators for this purpose. We are
also using machine learning and optimization to automatically

generate shellforms that minimize these values (see Figures 1and 2).

Meanwhile, thin shells and single-layer lattice shells are prone to
buckling. Because even slight geometric imperfections can
significantly affect their stability, assessing their strength is difficult.
We are analyzing the impact of these shape differences and
proposing simpler ways to predict buckling loads. A recent focus of
ours isamethod to predict buckling behavior under imperfections
using only linear buckling analysis —skipping the complex
nonlinear incremental analysis. Additionally, we are studying lattice
shells stiffened by in-plane bracing.
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Building finishing materials

AMRETE ERFUOPTHRENRICMEHIE
THEMRELTVETIRISEPRHA BB LT EA
EHHNTVIREARBRICRVW D RMICKROHSNS
MEDZIRICOIEDET T —RIF REQLBEHDET,

—DBIFRM DR EDRE TI.EBICES
ERUBOINTOHEANSBNMEERRTEZIL
B IREMICIITATRETI. ZCT AR CEAEDRE, BB
BREIGLTEBRIBEB LB VWEB ZEUERRL. €
NENDOEBICBRZRET S LLBEDET.CNEZERE
BICITS e ®ICIZ B4 DIER CIC Tl A Az B iR
L‘CB(Z\E#&SDi?'o#‘%h\ﬁb,mu;tit:ﬁﬁi%@I
BICKDET, 20O RIS ETHABORE
E?Tﬁ%%%LK?‘%TQ&JGJ\/L\EEE’\J°EEEE’\J}§FG%§&1E1IZ’§'
BZFENBEVNSNDZ EHAFEH T,

ZOBIREMOMEE+DICRIBETEIZEEREILY
NICET AR TIAEOEEBTIERIL. TEEMR-T
EBEE—RLLTVWEI. EHEZYIDFEDIB MNER
FAETH>TLEVW.EREBEOFREENRZBEEE A,
MRECHETIH NOBEREEEMICR L. ERESENICY
FELARIFNIE.BS5BRVDTI MERENERLERICTr—
RNwIENBZZ LD EEFBEOMMUE ECHEIES
SICBHBZCHBFINET,

=000 1500
JETTﬁr-H-L% (mm)
H1 AIERKREOBE H2 F-EFHEPDOEZ OS]

800
E 700|- &% — 7
£ 600 |— A

500
40
£ 300
fm 200

Za 100
‘TE.‘(IIIII

R R R R R R R T
e EITHRMZER (m) —@l
H3 Ff-EFEEHOBEDOHIDHI

2000

HEEERET B ) 75 B IR IR

Construction for performance

Appropriate working environment

Inmy laboratory, floor finishing materials are investigated. The time
that users touch to floor is greatly longer than the time of touching to
wall, ceiling, etc. Therefore, the performance requested to floor
materialsis various. There are roughly two kinds of my themes.

Thefirstis to set evaluation methods for performances of floor
finishing materials. It is realistically impossible to develop an excellent
material from all viewpoints of innumerable demand performances.
Then, itisnecessary to select necessary items according to the
usage, users attribute, taste, etc. And, it is necessary to make
objectives for each item. For this, the first thing to dois to maintain the
evaluation method of each performance individually. In particular,
whether something is good or bad is largely subjective to the user,
and so performance evaluation methods are characterized by the
use of methods that quantify psychological and physiological
responses to use human sensations and evaluations as a yardstick.

The secondis aresearch onaproper construction labor thatitis
made demonstrating the performance of the floor material enough.
At construction sitesinrecent years, the cost cut and the shortening
of aconstruction are valued most. But too much costs and times are
cutdown, evenanecessary labor is cut down. Then, troubles after
construction keep happening. Itis necessary to investigate relations
between performances and construction labors,and tojudged
reasonably what are surpluses. If the research results are fed back
into the real world, itis expected that this will lead to improved status
and fair wages for workers.
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DFRCC Concrete

Environment

Inrecent years, research and development of the
ductile-fiber-reinforced cementitious composites (DFRCCs),
which exhibit superior to existing fiber-reinforced concrete
have been actively conducted. DFRCC is a fiber-reinforced
cementitious composite material exhibiting multiple cracking
characteristics under bending stress, with highly improved
ductility at the bending, tensile or compressive fracture.

Incidentally, addressing global environmental issues is
currently a critical challenge, and in the concrete field,
research onrecycled aggregate concrete is actively
conducted. To further promote concrete recycling going
forward, it is necessary to develop new effective utilization
technologies for recycled aggregates. Furthermore, from the
perspective of reducing CO2 emissions, research on
alkali-activated materials (AAMs) that completely eliminate
cement usage is also gaining attention. Nevertheless,
numerous challenges remain to be addressed, such as quality
control methods and legal frameworks, and widespread
adoption has not yet been achieved.

We have conducted extensive research on DFRCC to date,
and believe that if the superior fracture ductility of DFRCC can
be imparted to recycled aggregate concrete and AAMs, it
would significantly contribute to the adoption of recycled
aggregates and AAMs. Considering the above background,
my laboratory is conducting research on
ductile-fiber-reinforced concrete and ductile-fiber-reinforced
AAMs concrete (i.e., environment-friendly DFRCC) using
recycled aggregates.

[ Despite not using reinforcing bars, DFRCC beams
do not fracture brittlely.
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Applied Research on Age-Friendly Cities

Community Design and Integrated Care System
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Age-Friendly City
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Community Design

Integrated Care

This research explores sustainable urban and community
models in super-aging societies by integrating three
perspectives: community design, integrated care, and urban
planning. While conventional urban planning has focused
mainly on physical infrastructure, this study emphasizes
everyday life, social relationships, and care systems
embedded in urban space.

From the perspective of community design, older adults are
positioned not merely as recipients of support but as active
contributors to their communities, supported through local
hubs, places of belonging, and mediating coordinators. From
the integrated care perspective, the research examines how
medical care, long-term care, and daily life support are
connected within local living areas without separating care
from housing. From the urban planning perspective, the study
analyzes how spatial structures influence care and social
interaction using evaluation axes such as accessibility,
connectivity, and social networks.

Through empirical studies in cities such as Akita and
Odawara, this research aims to present Age-Friendly Cities
not only as a policy concept but as a practical planning
framework that connects institutions, spaces, and people.
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Improving the Quality and Productivity of Precast Concrete Products

Aim to Contributing to a Sustainable Construction Industry
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Performance evaluation of concrete shell structures

Development of ultra-lightweight curved structures using fiber-reinforced concrete
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Pre-cast concrete
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Sustainable Construction Productivity

Inrecent years, the use of precast concrete products (PCa
products) has increased at construction sites, driven by the
growing need to address the shortage of skilled workers and
shorten construction schedules. In response, there is a
demand for practical technologies, such as the use of
recycled materials, that enhance productivity and quality while
contributing to environmental measures like low
carbonization. Our laboratory researches the optimization of
materials, mix designs, and production systems for PCa
products, balancing performance and productivity.

The main research themes are as follows:

Theme 1: Improving PCa Product Productivity Using
Various Admixtures

Theme 2: Research on Concrete Durability

Theme 3: Practical Application of Low-Carbon PCa
Products

To advance these research efforts, we actively pursue
collaborations with other universities, private companies, and
national research institutions.
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Concrete Shell structure Fiber
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The Tanaka Laboratory conducts research into the
performance evaluation and application of concrete shell
structures in the field of architectural structural engineering. In
particular, we focus on the development of ultra-lightweight
curved structures using fiber-reinforced concrete, exploring
new design methods that combine structural safety, durability,
and aesthetics. Shell structures are characterized by their high
rigidity and light weight due to their curved shape, contributing
to resource conservation and reduced environmental impact
in buildings. Our laboratory conducts detailed evaluations of
material properties and structural behavior through both
numerical analysis and experiments, and proposes optimal
design guidelines. We also conduct parallel research into
seismic isolation structures and improved seismic
performance, aiming to realize disaster-resistant buildings.
These efforts aim to create innovative structural technologies
that contribute to a sustainable society, with an eye toward
application to public facilities and large-scale buildings.
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Development of disaster reduction system with evacuation
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simulation model under disaster and land use control.
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EFEBEAMECENICHSIZRORE ERGREPER
EWOEMICEZANILEE. AACEEC LW ENE KL
BEENELZRED SR L. EABHEIEECG>TY
%DCGDEGDXEES(‘TL,’C KEDERCZDERBICE

BB T AL EY)RRICEY) B HE R PIOER
%H%%EJL, FHBCPERREMOBITZHETZILIE
BHTEETH B,

AHFEIE.FT LR L BT IHEFREZAMALT.

NICHBLEEZE—REZEELB#ITHOIaL —
2AVEARECTRAMES AT LERREL MIBOZEMED
BEICETZI BN ELTWVS, £z BERAIEA
O Rl A & ER IO LT A ICBALTIE A5
HOLTHMFABIVEO—ILHBRETH S BIFRS T
L (GIS) x & %&F) B LT MF B O REE ZZE 5 TIEE
TREEDBICKRBRYNTI—JEDBERHBEBELARDS.
THF B PO—ILICKZFKDRTHIT S0

MY T (8669A)
EEEEEEBEE

5 r—AZ Lol T &M GEEERTH 6 04))

This study developed a microscopic simulation model
considering evacuation behavior by multimodal in disaster
situation using traffic network analysis software. We conduct
disaster prediction model combining traffic analysis to catch
up with the momentarily changed network because of the
disaster. Moreover, we study effective evacuation system
based on simulation model. Also, it is important to control land
use for reduction of disaster. Based on analyzing the actual
condition and the change structure of land use by statistical
data using GIS in urban area, effective land use control system
is studied considering relationship with transportation
network.

Civil engineering verification of changes in ground performance due to greening and forestation

Research on the ground reinforcement effects of plant root systems
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Slope revegetation
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Plant root systems

Ground reinforcement

Embankments and cut slopes created during residential land
development and structural construction must be designed to
withstand earthquakes and heavy rain. Slope revegetationis one
method used to prevent surface collapses caused by rainfall.
Covering slopes with plants (herbaceous and woody) has several
potential benefits, including: 1) preventing soil runoff caused by rain,
2) ground reinforcement through the binding power of the root
system, 3) a pile effect caused by the root system, 4) reducing pore
water pressure through root absorption, and 5) improving ground
permeability through root growth.

However, slope revegetation technology is aninterdisciplinary field
spanning many fields, including soil mechanics, geology, botany,
and ecology, and requires an approach that combines the
perspectives of each. Furthermore, in addition to consideration for
the environment, maintaining biodiversity is also an essential issue.

Our laboratory conducts 1) indoor and outdoor tests to confirm the
ground reinforcement effect of plant (herbaceous and woody) root
systems, 2) tests to confirm the degree of soil compaction and root
system elongation, and 3) tensile strength tests of single woody
roots used as ground reinforcement materials. We also conduct
experiments to verify the effect of root systems entangling
themselves around rebar structures buried in the soil, in order to
increase the ground binding effect of foresting slopes. We will
continue to conduct the above tests using different planted plants.

X2 6FMEE LIHRBELNORR CHHOZRF
Figure 2: Root systems and rebar in a test embankment after six years of growth

K1 UEOOORZEFCTO=EMRAREA
Figure 1: Soil specimen for triaxial compression tests containing sunflower roots
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Real-Time Damagg Detection of Structures during Major Earthquakes Based on Machine Learning of Smal-to-Moderate Earthquake Response Records

Damage detection performance improves as longer observation periods lead to the accumulation of training data. p

e
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Real-time damage detection Machine learning Seismic response
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Many structures constructed during Japan's period of rapid economic
growth have now reached an age at which deterioration is becoming
evident. At the same time, there is a significant shortage of engineers
responsible for maintaining these aging structures, creating a serious
societal challenge. In this study, we aim to automatically detect
structuralanomalies (damage) by installing sensors on structures and
applying machine-learning techniques to the acquired data.

Inthe field of anomaly detection, itis commmon for the amount of
abnormal data to be overwhelmingly smaller than that of normal data.
Under such circumstances, autoencoders — which detect anomalies
by learning only normal data — are highly effective, and this study
employs such anapproach (see Fig. 1).

Here, we assume a situation in which seismometers are installed on
buildings or similar structures and seismic motions are routinely
recorded. By repeatedly learning the structural responses to the
small-to-moderate earthquakes that occur on a daily basis (normal
data), it may become possible to automatically and instantaneously
detect the responses that arise when a structure is damaged duringa
major earthquake (abnormal data).

Thisidea was organized and developed into a full study, submitted to
the Journal of JSCE, accepted, and published in 2023. Figure 2 shows
anexample of the reconstruction error produced by the autoencoder,
which represents the anomaly score. For linear responses, the
reconstruction error remains constant regardless of the input ground
motion. In contrast, for nonlinear responses, the reconstruction error
increases as the input ground motion becomes larger, indicating that
the method can potentially detect not only the presence of damage
butalsoits severity.
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Safe ship mooring

Countermeasures of safe ship mooring on long-period waves, and earthquake and tsunami

wes MR BB pror Shigeki Sakakibara

https://researchmap.jp/tokai_ss
O https://www.u-tokai.ac.jp/facultyguide/faculty/3824/ M ss8467@tokai.ac.jp

oAt % &

Ship mooring
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Earthquake and Tsunami

Sakakibara Lab. has studied on the countermeasure of a safe
ship mooring for seafarers and port users using a numerical
simulation technique of the moored ship (Fig.1) and physical model
tests of amodel ship. Itis summarized as follows:

1) The countermeasure during waves and swells including the
long-period waves of which periods are about 2-3 minutes to avoid
the mooring problems such as large ship motions, mooring line
breakages and fender damages especially in exposed artificial
ports.

2) We have completed a disaster survey on several moored large
vessels which were affected by the severe tsunami disasters
during the 2011 Tohoku earthquake and tsunami (Fig.2).

3) The countermeasure during tsunami by using a hard mooring
such asincrease of number of mooring lines or high elastic line,
and/or a soft mooring such as an anchor cable mooring with or
without a sinker (Fig.3). We have also studied on a head-out
mooring which is a key issue to achieve a quick evacuation from
ports and harbors for large ships against a great earthquake and
tsunamis. We conducted several pure yaw rotating tests in a water
tank for amodel ship in shallow water (Fig.4).
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Improving Efficiency in Logistics Systems

g e E—

Prof. Koichi Shintani

https://researchmap.jp/k_shintani/
O https://www.u-tokai.ac.jp/facultyguide/faculty/3714/ W shintani@tokai.ac.jp
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Container transportation
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Transportation planning
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Empty container repositioning

His research focuses onimproving logistics efficiency in
international maritime transport, particularly through
operational and economic analyses of empty container
repositioning. He has developed optimization and simulation
models to assess the impacts of foldable containers on inland
depots, trucking operations, and shipping networks. His studies
also explore economic evaluations of pusher-barge systems,
vehicle dispatching models for container drayage, and port gate
control strategies. These works aim to advance data-driven
management and digital transformation in port logistics.

Research Topics:

+ Optimization of logistics networks with foldable containers
*Modeling and evaluation of empty container repositioning
+ Optimization of port gate and truck scheduling

*Economic impact of pusher-barge transport systems

A0 ) o e
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(¢) Holland Container Innovations Netherland B.V.
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Unmanned Surface Vehicle

EEMRETIEOBFEEYOREBE L. BFREOE-X)
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Unmanned Underwater Vehicle Long term wide area simultaneous monitoring
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Development of an Autonomous Ocean Robotics System for Marine Environmental Survey

Development of a Hybrid Unmanned Surface and Underwater Vehicle System

% 773%_ @ﬂ\ Prof. Keisuke Watanabe

https://researchmap.jp/keisukejapan/
O https://www.u-tokai.ac.jp/facultyguide/faculty/2474/ ™ keisuke@tokai.ac.jp
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At the Watanabe Laboratory, we are developing technologies for
Unmanned Surface Vehicles (USVs) and Unmanned Underwater
Vehicles (UUVs) with the goal of improving efficiency in marine
operations such as offshore structure inspections and
environmental monitoring. Our work includes research on key
technologies for USVs and UUVs, as well as the development of
experimental platforms capable of field deployment inreal ocean
environments.

Specifically, we are investigating trajectory-tracking control
algorithms required for autonomous navigation, underwater
positioning methods using acoustic systems, and Al-based image
recognition techniques. Alongside this research, we design and
build experimental platforms sized and weighted so that two adults
can handle them, enabling verification of the developed
technologies through repeated real-sea experiments.

Furthermore, we are developing an integrated systemin which one
USV and one UUV operate as a cooperative set. In this
configuration, the USV serves as aninterface to aland-based
station, enabling simultaneous acquisition of surface and
underwater data, along with real-time monitoring of underwater
conditions.

Inthe future, our goalis to deploy multiple systems to establish a
large-scale synchronized observational network—for example,
across coral reef regions worldwide—allowing long-term
continuous collection and accumulation of environmental data.
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Marine Science and Technology

Research on safety assessment of maritime traffic and ship handling

Navigation safety measures and technical design of waterway facilities in shipping routes and harbors

#iz #HH ILBA  eror Hiroaki Seta

https://researchmap.jp/seta

O https://www.u-tokai.ac.jp/facultyguide/faculty/4451/ M seta@tokai.ac.jp
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Maritime traffic engineering
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{a)} Kanmon strait (b) Ise bay
Figure 1: Vessel Tracks from AlS-Equipped Ships in Each Sea Area (One-Day Data)
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Vessel navigation support
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Ship Handling simulator

The technical method of assessing maritime traffic and ship
handling needs to be comprehensively analyzed from both the
perspectives of difficulty and safety, as well as those of field
assessment and one's own ship. In order to assess these,
variation of maritime traffic flow in the target area should make
predictions based on safety measures, facilities constructions,
and the understanding of actual traffic flow. Predicted traffic flow
is reproduced as marine traffic simulation on a computer, and
the safety assessment model calculates ships’ tracks one by
one. The aggregate of those results becomes the so-called
“field assessment in the target area”. When the deck officer
maneuver their own ship in a way that is configured using the
scenario provided by a ship handling simulator, which is made
from a series of situations of ship handling difficulties, the
assessment value of one’s own ship's track comes to be called
the “assessment from own ship's perspective.”

Figure 1shows the locations of AIS equipped ships via the
marine traffic monitoring system developed in the past. Such
AlIS information is essential to grasp marine traffic flow.
Furthermore, our universities' ship handling simulator has a
function which is able to reproduce AlS information. Thus, it is
able to apply the research to marine traffic and harbor design, to
assess human factors, to find out the cause of maritime
accidents, for the improvement of education and the like.

i
#
b1
I
=
3
|
z

{c) Tokyo bay {d) Istanbul strait

Graduate School of Science and Technology, Tokai University RBAZERFE B HSBEIT MR 142



143

M EKIRIR

A=A

Earth and

Environmental Science

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

KRB
FHECEK

Aqguaculture

Propagation and cultivation of aquatic organisms

Earth and Environmental Science

#is XU 1S prot. Nobuhiko Akiyama

https://researchmap.jp/nakiyama
O https://www.u-tokai.ac.jp/facultyguide/faculty/2303/ ™ nakiyama@tokai.ac.jp
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Aquaculture Fish farming Breeding
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Basic research on aquaculture of aquatic organisms.
Specifically, it is a study on seedling production, breeding, feed
and aquaculture technology onland. As a fish species that |
have dealt with, Bluefin tuna, Filefish, Japanese flounder, Red
sea bream, Salmonids fish, Ice goby, Seahorse, Octopus, Ovall
squid, Oyster and Pearl oyster.

These technologies are also utilized the conservation of
freshwater fishes such as bittering.

Graduate School of Science and Technology, Tokai University RBAFERFER HEEITFHER

144

N — LI 2 i 48 oo




Earth and Environmental Science

WEKREEF -2

B ARRIED R EZZ IR TR R E

N & T A b 3= 3at Ay 2R
E&?ﬁﬁ?ﬁ?ﬂg EEEHgE gﬁﬁ;4/;(7ubdu§jir%5AE;FaDﬁlnu

ARBFHEERICEZKREBTAOCRICEATBHR

Rapid diagnostic and epizootiology of

fish infectious diseases

#1358 [EXEB  prof. Shotaro Izumi

https://researchmap.jp/read0136073/
O https://www.u-tokai.ac.jp/facultyguide/faculty/3852/ ™ izumish@tokai.ac.jp
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Infectious fish diseases
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Rapid diagnostic technology
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Epizootiology of fish diseases

Inrecent years, the aquaculture industry has faced serious
challenges from infectious diseases caused by newly introduced
pathogens, believed to have originated overseas, as well as
re-emerging infections caused by drug-resistant pathogens.
These problems are expected to become increasingly severe as
aquaculture operations become more consolidated and global
consumption continues to expand. To control these infectious
diseases in aquatic organisms and maintain high productivity in
aquaculture, itis essential to achieve rapid and accurate diagnosis.
QOur laboratory is conducting research on rapid diagnostic
techniques for aquatic infectious diseases using molecular
biological methods such as PCR, while also investigating the host
specificity of fish pathogenic bacteria and pursuing applied studies
onthe epizootiology of these pathogens.

Study-on the Role of the Oceanin the Climate System

Study on water mass transformation processes through atmosphere and ocean interation

#iz HBIR E1T  Prot Kazuyuki Uehara

https://researchmap.jp/kuehara
O https://www.u-tokai.ac.jp/facultyguide/faculty/3188/ W™ ueharak@tokai.ac.jp
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Atmosphere and Ocean Interaction Ocean General Circulation
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Tranformation Processes

Approximately two million years have passed since the
emergence of humanity, and several thousand years since the
birth of civilization. Throughout most of this time, humankind
has lived without understanding the structure of the Earth we
inhabit. For instance, only in the mid-20th century—
remarkably recent in the history of civilization—did we come
to fundamentally understand the atmosphere and ocean
surrounding us, including the mechanisms behind
meteorological low-pressure systems and western boundary
currents such as the Kuroshio. Today we face climate change
challenges exemplified by global warming, and addressing
these problems requires a deeper understanding of
atmospheric and oceanic functions and structure, which
remain poorly understood. To this end, | am conducting
research on air-sea interaction as a fundamental process in
climate variability —specifically examining the formation and
modification of ocean surface water masses—to better
understand the role of the ocean in global change scenarios.
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Behavioral ecology and evolutionary biology in.cephalopods

Evolutionary background of reproduction, predation and predatory defence.

tes (EBE BCFFE  AssocProf. Noriyosi Sato
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Contributing to the health of organisms through the excretion of microplastics

Identifying dietary components contributing to the excretion of microplastics

#1% 7BK =X Prof. Muneshige Shimizu

https://researchmap.jp/m.shimizu
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Sperm storage Ink defence

We study the evolution of unique behaviors and ecological
traits in cephalopods. Although cephalopods belong to
Mollusca, a group best known for shelled animals such as
snails and clams, they have abandoned the shell and acquired
exceptional mobility. Through this transition, they evolved
highly developed nervous and sensory systems that are
unparalleled among invertebrates—reaching a level
comparable to that of vertebrates. As a result, cephalopods
are believed to possess cognitive abilities on par with
vertebrate animals. To uncover how such remarkable
evolutionary innovations arose, our laboratory focuses on
three major research themes:

1) Reproductive Biology

Unlike the copulation seen in most animals, cephalopod
mating involves males transferring a capsule filled with sperm
to the female. Because sperm transfer and storage occur
outside the body, post-copulatory interactions between males
and females have become especially important in their
reproductive strategies. We aim to elucidate how these
post-mating strategies evolved by comparing reproductive
traits across diverse cephalopod species.

2) Foraging Behavior

Octopuses leave their dens to search for prey such as bivalves
and crustaceans. Their foraging trips are expected to be
optimized to avoid predators and increase efficiency.
Understanding how they forage provides key insights into the
advanced cognitive abilities that cephalopods are known for.

3) Anti-Predator Defense

Cephalopods are inherently vulnerable to predators. Under
normal conditions, they camouflage themselves by changing
body color and blending into the environment. When detected,
they eject ink to confuse and escape from predators. We
investigate the evolutionary innovations and mechanisms that
enhance the effectiveness of these defensive strategies.
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Microplastics Excretion Food ingredients
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Microplastics (MP) are found everywhere—not only in the
ocean, but also in the atmosphere and in food. Through our
exploration of food ingredients that promote the rapid
excretion of MP ingested through diet and respiration, we
discovered that “chitosan,” produced from shrimp and crab
shells, possesses this MP excretion-promoting effect.

We are currently investigating its mechanism of action and the
effects of combining it with other materials. In the future, we
aim to contribute to reducing health risks associated with MP
intake by applying this knowledge to organisms, including
humans.
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Examination of new plant production-and
management methods for land and sea areas

#18 T E—  prot. Shinichi Takeuchi

https://researchmap.jp/read0209499
[ https://www.u-tokai.ac.jp/facultyguide/faculty/4290/ W stakeuch@tokai.ac.jp
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Coastal use

Environmental conservation
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Global warming

| have been conducting research both in Japan and overseas
with the aim of exploring technologies and maintenance
methods for creating green spaces that ensure the lush
greenery and biodiversity that form the foundation of
ecosystems. Based on my experience investigating
vegetation environments overseas where moisture and
temperature are problematic, | am approaching the ideal
management methods for vegetation in Japan from a
multifaceted perspective of irrigation engineering, landscape
architecture, forest science, and fruit and vegetable
horticulture. My research has centered on the development
and application of technology to measure water movement
within plants, and at the School of Marine Science | am
tackling new themes in coastal agriculture and the use of
halophytes.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Study-on biogeochemical cycles in the ocean using stable isotopes.

Constraints on nitrogen cycling using stable isotopes of nitrate

HHEIR ’J\*’A **E Assoc.Prof. Daisuke Komatsu

https://researchmap.jp/ddk
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Stable Isotope Nutrient Nitrogen Cycle
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T CNODEMICEDLZLEMIIRE KR -BR-BERL
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TH2=ZBERRMIAEMEM(ATO)ICHEKEREF>TVET,

AOERVWNIEKARARIEBICEEI 2HEBOSBARTKHEFRD
HMEDESEEB IR N TE. BERRBEBIEZMB3 LT
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| study global biogeochemical processes in the atmosphere
and oceans, and their variations under natural and
anthropogenic influences, by fieldwork, laboratory studies,
often using stable isotopes. This approach has been applied to
carbon monoxide (CO), methane (CHz), nonmethane
hydrocarbons, nitrous oxide (N20), nitrate, and hydrogen (Hz).

| am also interested in rare isotope signatures, such as triple
oxygen isotope compositions (A”0). Atmospheric nitrate
displays large A0 values reflecting oxygen atom transfers
from ozone during the conversion of NOx to nitrate. Using the
A0 tracer, we quantified the fraction of atmospheric nitrate
within the total nitrate in natural environments to gain insight
into the processes controlling the fate and transport of
atmospheric nitrate deposited on each environment with small
anthropogenic fixed-nitrogen input.
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Research on coastal ocean circulation and material transport processes

Scientific understanding of physical processes in coastal seas

#12 B8 KI1  prof. Daisuke Takahashi

https://researchmap.jp/dtakahashi
O https://www.u-tokai.ac.jp/facultyguide/faculty/4289/ W™ dtakahashi@tokai.ac.jp
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Research on ecology of marine benthic invertebrates and aquaculture

Toward enhancing benthic resources and conserving shallow marine environments

#1 BFH R prot. Izumi Sakurai

https://researchmap.jp/read0003295
O https://www.u-tokai.ac.jp/facultyguide/faculty/3718/ M sakurai@tokai.ac.jp
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Marine benthic invertebrates Life history Aquaculture
K ETEICREIT BEMBICOVWTEERL AU ETERE ¢ Weconductresearch onvariousissues related to aquaculture,
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Ocean circulation Material transport Coastal seas
AEBEIEER A OBICMBL BEEZNLTAS - Coastalseas lie between the land and the open ocean and are
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also in contact with the atmosphere through the sea surface.
In these regions, ocean circulation is generated by the
combined influences of river discharge from the land, ocean
currents from offshore waters, and atmospheric weather and
climate conditions. Such circulation plays a crucial role in
transporting heat, momentum, and materials supplied from the
land, the open ocean, and the atmosphere throughout the
entire coastal domain. Therefore, to understand the marine
environment of coastal seas, it is essential to clarify how
ocean circulation is generated, how it varies, and how it
transports heat, momentum, and materials within the region. |
am particularly interested in the mechanisms of ocean
circulation and material transport in coastal seas, and | aim to
elucidate these processes by integrating observations and
numerical simulations from the perspective of physical
oceanography.
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RIBZRS L ERERITOBIIZEELET,

focusing on biological phenomena observable at the individual
level and above, primarily from an ecological perspective.
Specifically, using shallow marine environments such as seaweed
beds, tidal flats, and estuaries as our field sites, we elucidate the life
history traits, population dynamics, community structure, biological
production, and responses to environmental factors of marine
benthic invertebrates inhabiting these areas including bivalves,
gastropods, sea urchin, and sea cucumber through field surveys
and captive experiments. Furthermore, by elucidating the
conditions optimal for the growth and survival of these benthic
animals, we aim to contribute strategies for fisheries enhancement
and aquaculture back to local communities.

The mainresearch themes are as follows.

1) Research on life history characteristics and population
dynamics of marine invertebrates: Focusing on burrowing
bivalves such as Pseudocardium sachalinense, Mactra
chinensis, and Megangulus venulosus, we investigate life history
traits including growth patterns, reproductive cycles, and nutrient
budgets. We also analyze population dynamics based onannual
fluctuations in biomass, recruitment, and age structure, aiming to
elucidate the mechanisms underlying resource fluctuations.

2) Research on biological production in seaweed beds: To
reduce populations of herbivorous small snails that inhibit the
maintenance and formation of seaweed communities, we will verify
the potential of biological control using carnivorous snails, aiming to
establish conservation methods for seaweed bed ecosystems.

3) Research on echinoderm aquaculture: Focusing onsea
urchin Mesocentrotus nudus and sea cucumber Apostichopus
armata, we willidentify optimal water temperatures and feeding
conditions for growth and gonadal development. We will also
examine rearing environments that accommodate behavioral
characteristics, aiming to establish aquaculture techniques.

b
Bk
=
5
7
F
7
2

Graduate School of Science and Technology, Tokai University RBAFKFIR HBEEBITFHARER 152



WEKREREF -2

153

BFREICHITRKELIFHRR

ﬂD“Fﬁ@&*#EM%E&E?%ﬂ

Fisheries Engineering Research in Coastal Areas

Effects of Flooding in Estuarine Coastal Areas on Ecosystems

% j(*% 1IEE  Prof. Masami Ohashi

https://researchmap.jp/masmas
[ https://www.u-tokai.ac.jp/facultyguide/faculty/4269/ W mas_ohashi@tokai.ac.jp
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Estuarine Coastal Areas
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Coastal Ecosystems
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Numerical Simulation

Estuarine coastal areas are valuable habitats for aquatic organisms
and are important not only as spaces for adult fish but also during
their egg, larval, and juvenile stages.

However, estuarine coastal areas can sometimes experience
problems due to large inflows of turbid water during large river
discharge.

Inthis way, discharge in coastal ecosystems has both benefits
(such asincreased primary production from nutrient supply) and
drawbacks (such asimpacts on fisheries from large amounts of
turbid water), and scientific evaluation is necessary.

The approach focuses on three main points:

1) field observations, 2) using wave and current numerical
simulations, and 3) calculations using lower-order ecosystem
models.

1)field observations

Field observations will be conducted to measure physical
environmental parameters, including water temperature, salinity,
wave height, and current velocity.

In addition, fish behavior will be monitored using fixed underwater
cameras, and biological habitat conditions will be assessed
through the capture and analysis of specific marine organisms.

2)using wave and current numerical simulations

Numerical simulations will be performed using wave models (such
as the unsteady mild-slope equation for irregular waves) and
ocean circulation models to reproduce spatial and temporal
variations in wave height and current velocity.

3)calculations using lower-order ecosystem models

A lower-trophic ecosystem model will be applied to reproduce
present conditions of primary producers, nutrients, and dissolved
oxygen dynamics.

Based on this model, predictive simulations under specific
scenarios will be conducted to evaluate future changes in the
marine environment and the potential impacts of river discharge on
coastal ecosystems.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University
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Population genetic studies aimed at elucidating the ecology of wild cetaceans “

Genetic studies employing non-invasive approaches

#iz bt FH2  pror. Yuki F. Kita

https://researchmap.jp/yukita
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Marine Mammal
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Population Genetics
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Population Dynamics

Itis wellknown that dolphins often travel and behave in groups;
however, it remains unclear whether these groups consist of
related individuals—such as parents and offspring or family units —
or whether they are composed of unrelated individuals. To address
this question, we use an approach called population genetics. By
collecting DNA from dolphins and decoding the genetic
information it contains, we can determine which individuals are
parent-offspring pairs, siblings, distant relatives, or completely
unrelated. Through the construction of pedigrees and kinship
diagrams, we explore these relationships across various species.

One method for collecting genetic samples is the biopsy
technique, which involves removing a small piece of tissue from the
body. However, due to ethical considerations, there is increasing
demand for more non-invasive sampling methods. For example, on
Mikura Island, located about 200 km south of Tokyo, many
Indo-Pacific bottlenose dolphins inhabit the surrounding waters,
and dolphin-swim activities are very popular. Long-termindividual
identification has been conducted there for conservation
purposes, and we collect fecal samples from identified dolphins
during dolphin-swim programs. Genomic DNA extracted from
these samples is used for genetic analyses.

In contrast, in cold-water regions such as Hokkaido or in studies of
large whales, fecal sampling is difficult. Therefore, we are testing
new non-invasive approaches, including the collection of
blow-derived DNA using waterproof drones and environmental
DNA (eDNA) analysis.

Our current main research themes include:

1)Ecological studies of Indo-Pacific bottlenose dolphins around
Mikuralsland

2)Ecological studies of killer whales that visit Rausu, Shiretoko
3)Ecological studies of Pacific white-sided dolphins that visit
\olcano Bay, Muroran

4)Development of non-invasive sampling methods for wild
cetaceans
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Chemistry of the Environment and Health

Human-Skin Gas as a Novel Source of Biological Information

#12 BIIRE =&  prot. Yoshika Sekine

https://researchmap.jp/read0068383/
O https://www.u-tokai.ac.jp/facultyguide/faculty/2612/ M yoshika@tokai.ac.jp
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Human skin gas
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The Sekine Laboratory aims to contribute to the creation of a
prosperous society in which people and materials exist in harmony.
QOur research spans the full spectrum from fundamental science to
applied studies and practicalimplementation, with a strong
commitment to returning the benefits of our work to society. At
present, our principal research theme is the measurement of skin
gasand its utilisation as biological information. The term “skin gas”
refers collectively to trace volatile compounds emitted from the
body surface. These compounds not only contribute to body
odour but also vary according to physical and physiological
condition, the presence or absence of disease, daily activities, living
environment, and even mental health. As such, skin gas is expected
to serve as a valuable source of non-invasive biological information.
The laboratory is developing advanced methods for trace analysis
of skin gas, investigating the mechanisms of body odour formation
and its mitigation, elucidating the processes underlying skin gas
emission, and exploring applications in everyday healthcare. We
also pursue applications in medical and nursing contexts, such as
health screening. Beyond this, the Sekine Laboratory conducts
research on the behaviour of chemical substances inindoor
environments. Our living spaces contain a wide variety of chemical
compounds, and we aim to create healthier and more comfortable
indoor environments by measuring indoor air pollutants, clarifying
contamination mechanisms, and developing countermeasure
technologies. In addition, we are engaged in studies on the
monitoring and detoxification of PM2.5. To achieve a balance
between economic development and environmental conservation
inthe Asian region, we are undertaking numerous projects aimed
at preventing and improving air pollution, including the
development of catalysts for the detoxification of PM2.5.

RBAFAER BEEIFMER Graduate School of Science and Technology, Tokai University

Earth and Environmental Science

iR SRR ICZFIAT S
BEIK - ERIZIK D H1L

KPAZER(LEMOEEL-FRL

Purification.of Wastewater and Environmental Water Using Catalytic and Photocatalytic Reactions

Remediation and-Resource Recovery of Nitrogen-Containing Compounds in Water

g =

—1T  Prot. Ikko Mikami
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Photocatalyst

Catalyst
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Water treatment

Our research focuses on the purification of wastewater and
environmental water using catalytic and photocatalytic reactions.
Nitrogen-containing compounds are the primary treatment
targets, and supported metal catalysts are being developed for the
selective and efficient conversion of nitrate into dinitrogen or
ammonia for detoxification and resource recovery. The effects of
reaction conditions on decomposition activity and product
selectivity are systematically examined in order to identify reaction
conditions suitable for practical water treatment. In addition,
practical issues encountered in real-world applications are
addressed, such as reaction inhibition by coexisting substancesin
wastewater and environmental water and the preparation of
shaped catalysts suitable for practical use.

For the treatment of water containing ammonia and
nitrogen-containing organic compounds, purification methods
based on photocatalytic oxidative degradation are explored.
Researchis directed toward the development of photocatalysts
with high nitrogen selectivity and the elucidation of appropriate
treatment conditions.

By integrating these catalytic and photocatalytic processes, the
ultimate goal is to establish a comprehensive water treatment
system for nitrogen-containing waters.

Furthermore, hydrogen production via the photocatalytic
decomposition of environmental pollutants and waste materials is
being pursued, with a focus on the development of highly active
photocatalysts that are operable under visible-light irradiation.
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Ocean Color Remote Sensing

Estimation of the amount of substances contained in the ocean from satellites

iz ﬁ/ﬁ\' 5’%5% Prof. Mitsuhiro Toratani

Earth and Environmental Science
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Research on the atmospheric environment

Investigating the role of clouds and aerosols in the climate system

#m B 2 por Takashi Y. Nakajima

https://researchmap.jp/mtoratani
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DE—bEVIVY

Remote sensing
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Ocean color
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Water-leaving reflectance

The seais generally blue, but upon closer inspection, it changes
subtly day by day. For example, when phytoplanktonincrease, the
water turns green; sometimes it even turns orange, as seen inred
tides. Additionally, when sand or silt mixes in, the water takes on a
yellowish or brownish tint. Observing these differences in water
color using satellite sensors to estimate the amount of substances
contained in the ocean (such as phytoplankton, sand and silt, or
colored dissolved organic matter.CDOM) is called “ocean color
remote sensing.”

Estimating substances in the ocean from satellite ocean color data
involves two steps. First, atmospheric reflection is removed from
the light observed by the satellite to estimate the ocean color,
specifically the reflectance spectrum of seawater. This process is
called “atmospheric correction”. Second, the amount of
substances contained in the ocean, such as phytoplankton, sand,
and silt, is estimated from this reflectance spectrum.

Visualizing the amount of substances in the water using satellite
data reveals the spatial distribution of phytoplankton, sand, silt,and
CDOM withinthat sea area. Since satellites observe daily, both
daily and seasonal changes can be understood. This enables
monitoring of environments in eutrophicated bays like Tokyo Bay.
Furthermore, accumulating global-scale data over long periods
contributes to research on global climate change.
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Remote sensing
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Climate change
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Cloud and Aerosol

As reported by the IPCC (Intergovernmental Panel on Climate
Change)—aninternational framework addressing climate
change —the Earth we inhabit is undoubtedly warming. The IPCC
6th Assessment Report concluded with high confidence that
human activities are the primary cause of this warming.

Inour laboratory, we conduct observations of clouds and
atmospheric particles (aerosols), which are the largest sources of
uncertainty in predicting future climate. Our main observation tools
are Earth observation satellites orbiting the Earth and various
instruments installed on the ground. For example, by analyzing data
from sensors mounted on satellites, we can determine the
geographical distribution and physical properties of clouds and
aerosols (suchas the size of cloud particles). In particular, the latest
cloud radar technology allows us to reveal the internal structure of
clouds and the movement of cloud particles. Ground-based
instruments are used to validate the data estimated from satellites.

By performing detailed analyses based on these observational
data, we aim to clarify the roles that clouds and aerosols—which
serve as the seeds of cloud particles—play in the Earth's climate
system.

Isn'tit fascinating that clouds and aerosols, which we rarely pay
attention toin our daily lives, have such animpact on the climate?
We invite you to join our laboratory, explore a wealth of Earth
observation data, and gradually unravel the mysteries of our planet.

Many of the research projects in our laboratory are conducted in
collaboration with organizations such as the Japan Aerospace
Exploration Agency (JAXA), the Japan Meteorological Agency,
Tohoku University, Chiba University, the University of Tokyo, and
Kyushu University.
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Comprehensive Reséarch on Food Quality

Research on visualizing food quality and deliciousness, and food safety

wim %% B— prot. Keiichi Goto

https://researchmap.jp/Alicyclobacillus
O https://www.u-tokai.ac.jp/facultyguide/faculty/3985/ ™ kgoto@tokai.ac.jp
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Food Quality Visualization Food Safety
BEAEZE TR . BROREIOVTHRALEHRTIAELT - GotolLaboratory conducts research on food quality from
WE9, - various perspectives.
1)EROBVLIICET3HME 1) Research on Food Deliciousness

Focusing primarily on tuna, we scientifically investigate what

FIXTAIREBEL SEVWLWRITOLREDLSBIYTAD constitutes delicious tuna. Additionally, we are developing a

ERFRICAELTVETLMATEHEPREODODESHRY system that combines ultrasound and Al to evaluate quality
DmBHEFRICOVT BERCAIZHEAGHOETCEMMRIEELD - indicators such as freshness and fat content. We are working
SRTFLDBREITOTVET, CNOSRMOLRERICAIT towards the practicalimplementation of these technologies.
TEDIHBATVET, ZOMOEIEIC OV THESBIFEEy ©  Weplantoexpand our research to other fish species in the
LTWCFETT, . future.

. 2)Research on Food Safet
2 REORSIIEIT B Y

: Spore forming bacteria, Alicyclobacillus, evade food
AlicyclobacillusBMIE IFHFREFM T 2ME T REOME ©  sterilization and cause quality defects like off-odors in food.
ENVKCO BREFTERELECVSREREZRILET. | Weareresearching the ecology and control of the bacteria.

COMBOERCEIEICETZMEZTOTVES

98 — Alicyclobacillus acidoterrestris ATCC 490257 (AB042057)
Alicyclobacillus suci VF-FSL-W10-0049T (MW694478)
S-TABT ( 1)

Alicyclobacillus dauci 4FT (AB916540)
TA-67" (NR 028637)

G45-16T (KR090679)
subsp. DSM 124897 (AB059678)
subsp. DSM 12766 (AB059679)
Alicyclobacillus hesperidum subsp. aegle DSM 119857 (LC314802)

i illus sacchari RB718T (;
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subsp. ATCC 270097
Alicyclobacillus fructus FSL-W10-0059T (MW694480)
Alicyclobacillus acidocaldarius subsp. rittmannii MR1T (AJ493667)
Alicyclobacillus sendaiensis JCM 118177 (NR 112549)
Alicyclobacillus mali FSL-W10-0018T (MW694475)
Alicyclobacillus vulcanalis CsHg2T (AY425985)
i icus DSM 40067

3-A1917
Alicyclobacillus pomorum 3AT (AB089840)
100 — Alicyclobacillus mengziensis S30H14T (MT605219)
Alicyclobacillus curvatus ALEF1T (MW269400)
TC-347 (EU137838)
aeris ZJ-6T (FM179383)
5-A239-20-AT (AB264025)
SD-11T (U34974)
58— Alicyclobacillus tengchongensis ACKO08T (KF772795)
i i USBA-GBX-503T (KU366611)
m I— Alicyclobacillus tolerans K1T (221979)
4-A3367

is 5-AB3JT (i

Alicyclobacillus herbarius CP-1T (AB042055)
Sueoka™ (AB622813)
Kyrpidia tusciae DSM 29127 (AB042062)
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Earth and Environmental Science
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Research into the preservation of quality and advanced utilization.of marine products

The pursuit of delicious fish

2 3R BB—  pror. Seiichi Hiratsuka g

https://researchmap.jp/www24 tsc.u-tokai.ac
[ https://www.u-tokai.ac.jp/facultyguide/faculty/4211/ ™ s_hiratsuka@tokai.ac.jp
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Seafood Quality evaluation Added value improvement

BOH2EBERKEZREZEAMEAL.BETEKLCE Inordertomaximize the use of marine resources and ensure

RENBESICEBEOENEEMH L TREICEATS - deliciousfoodat the dinner table, we conduct various quality
ZHEHSDIMEEERLTVET, : evaluations using a wide variety of seafood.
1)£0 L 2 D 1) Evaluating Taste

- Weevaluate odor, taste, color, physical properties, etc. to clarify the
= E I = = N . . . .
RV 2K BR IS ML SEKEDICE VTR . characteristics of changes in freshness in various seafood

EZORHZRESML BEERERMZMAELE Y. - productsanddevelop freshness-preserving technologies. We also
T RVWERMBOMBICEYT 2EBMEREEMLTL - conductbasicresearch toelucidate the odor-generating

F7, © mechanism.

2) N EED R L : 2)Improving Added Value

We develop processing technologies to turn underutilized seafood

ERFIRKENERRTZHORAMIEMERE oo
BC@O’CL‘&?—o .
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ical and Mathematical Science

FETIZELLBSAIC DU TDHIZE Study on statistical multiple comparison procedures

FENER N FRDTERTE ZEEMEDIAZE Robust pluripotency for non-hyperbolic dynamical systems

) —BORFHRBSLUBHERICL D FETHOBIEROME Strucwral Theory of Homogeneous Spaces under Group Action and its Relation to the Representation Theory of Lie Groups
4RTTZERIAR DBREFE U B DS Surface-knots in 4-dimensinal space

FREHEROAIRILICBI G BHAZE Visualization method for statistical information

AREE(EIZE Algebraic Geometry

REEAFE EIVANIV S RF—LDHFZE Algebraic geometry and Hilbert schemes

2—7V)y FZERICEITEBERIES - SR ERDEE B HIMEEDFAZT Research on combinatorial properties of discrete sets and set systems in Euclidean space
ABEAFHEEL —H — Solar Pumped Laser

FEERYEIRRE ZIRRERIRSE Dark matter search experiments and multi-wavelength observational astronomy

IKIEMR DB B L UG D FEENDEI static and Dynamic Molecular Behaviors in Aqueous Complex Systems

FHFEFHICET DERIZE Theoretical particle physics and cosmology

FEEER Space and Medicine

LB EDIAICKBKEMRDDF LA TIVIR Dynamics in Aqueous Systems Studied by Broadband Dielectric Spectroscopy

IR R W BT — IR DR Analysis of supersymmetric gauge theories from string theory

WEMBDIET VT4 T L——4>/22/%" Advanced photonic sensing for trace material detection

BEFCDTE |/77’Z7J<0)53\¥5f’f+5 2 Molecular Dynamics of Amorphous Water under High Pressure
AEREREMRITZEOMIEES KU IHSHRIREANDISA  Studies on fixed point theory and convex analysis with their applications to nonlinear problems

A Informatior

M5 58T L1 X Ls Parallel and distributed algorithms

5I577) L3z LDEFREFSFICRI T BH3S Research on the theory and applications of enumeration algorithms

¥*§L§'f t?_7 b‘%@gﬁ:ﬁ?%’j Query Learning from Semi-Structured Data

MRIT KB EARR D E - H B EHEDFTA Visualization of heat and mass transfer in human body using Magnetic Resonance Imaging (MRI)
DERE DM EFEOTHLWEED A /N— 3V ([CBIT 5 Contributing to innovation in industries using technology to measure the mind and body.
KBNS B S HRE{LDFAZE Research on High-Quality and Highly Advanced Optical Thin Films

BEA B Z B8 L R ARRE TR T ORI Next-generation gaze estimation toward daily-use devices

e 7) L3y X‘A@S‘ES’EB’\JEH%&%(DEEH% Advanced study on geometric algorithms and applications

B BIDVEHERDRBICE T BERA TA TEATICBE T BRI Researchon Digital Media Technologies for Building a Safe and Secure Society
HEARAHZWVISERERYOBERDONES T\ R / AREI AR TEE NOptical coupling devices for optical interconnection or free-space optical communications / Volumetric 3D display systems
YMAICEEAENTERZGWTIZIVIEIR Invisible digital information encoded onto an object

IN—F+ | VERIBICH T ZITEIEFRHNICRE I BHZE Research on Behavior and Cognition in Virtual Environments

B AEERD AR S TEASIR BT 2T Information Technologies for Supporting the Visualization and Utilization of Disaster Information
ADEFEICED W e AT 75ERICEE T B2 Media Use Based on Human Factors

TBRERICHITBRIREICEAI BT Research on issues in the information society

FIWIHEC KD IEARHE S AT L DERHFT & 5&5T Analysis and Design of Nonlinear Systems Using Intelligent Control

VI AV E1—T a7 % AW EIRIEERILIE Intelligent Information Processing Using Soft Computing

ERRERBOED /177 71)—1L Creating barrier-free emergency PA announcements

AN —LBEESORELMEHEICRI T ZHIZE Security Evaluation for Stream Ciphers

ZEREYEEIS KBS ICRE T B3R Free-space optical communications, underwater optical communications

TA—T 5= FRLIRERBICB T 2ERMDRZBL Visuaization of Artisanal Techniques in Fruit Cultivation Using Deep Learning

IV TR RE L TDIV—ZFABRAFFODIZT Research on router metabolism against malware infection

TERESREIER T 1) T ICBIT BHAZE Research on Information Theory and Information Security

HWHFEEERW T FHREEEEMB L Predictive maintenance and productivity improvement using machine learning

Za1—0OYCMOSX 2 =RV 777 TR AR FICGREHEAR R &AM B RLEHE Neuron CMOS and Minimal Fab Collaboration for Minimal Device IC Design Platform Technology
e RO CEREENG Y —EXERATS Realizing Safe, Secure, and High-Quality Products and Services

TBRVATLELTDEF 1) T MTDISFIBFZE Application Research of Security Technologies in Information Systems
IXIVFRRITEN TR EISDECR Y N T —2 DFZE Energy-efficient intelligent distributed wireless networks
HEEDBETEICHITAMRV DRI E —T 717 DG Detection of Consumer "Hesitation” in Purchasing Behavior and lts Application to Marketing
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7)(‘4:‘ ‘C3’5U‘%ﬁr’ﬁﬁ%&ﬁﬁﬁ%ﬁ{fﬁ@%ﬂﬁﬁﬁf Integrated Technologies for Underwater Wireless Communication and Power Transfer
HEEMBEF MR EIROFRIEER Y EFEHSICEI T BH3E Electrical and optical applications of electronic thin films

KPFEMSRICRAF o SR ERRAZAK Advanced Thin Film Fabrication for Solar Cell Applications
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KT )\ R 5ER LI ERBEIRE S A T LLODFFZE Study on Physical Intelligent Systems Utilizing Semiconductor Devices
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2R D FF/ MR ORI ERISFER Fabrication of 2-Demensional Polymer Nanomaterials and Their Biomedical Applications

EHE— AR IS ICBE I BHZT A Study of Gas-Solid Reactions

LAEEEMA BRI A IESEEEME L RE  SIRHIEEUE AT R ORI Development of Adsorption- and Exchange-Controlled Functional Materials Based on Porous Inorganic Materials and Layered Compound Composites
FIRRCEHGM B & RABEEHEA DM S Development of new superconducting wires and evaluation of mechanical properties for practical superconducting wires
AYZO Ev BRI BT AR EERIEDRELISA Development and Application of Material Testing Methods in the Mesoscopic Domain

IKEREMRDAA/ F A M) — ERIEFAFEE AN DISH Mechanochemistry of hydrogen-related materials and their applications towards environmentally friendly technologies
F/ MBI K BB DB ZRRIFE Research and
AT LB REMRDEE LHEEREDAENE Brazing Investigation for All Metallic Materials & Inorganic Materials and Metallurgical Estimation at the Brazed Joint Interface
HREREMREZZIDEHHIMBORREFRER Exploration of innovative materials and novel synthesis for resource sustainability
HYRIGBHESHFER)IFL OB HLEHE Evaluation of Oxidative Degradation of Ultra-High-Molecular-Weight Polyethylene Irradiated by Gamma-Ray
TEHIVY—IVERW 2 I\ EREEHIERMT DRI Development of Chemical Tools for Protein Structure Control

FBSEEEZE TR A MEERERDRRE pi of stimuli-responsive organic

R — T \A Ty R OREZEEKEBEFEIR Construction and functionalization of inorganic-organic hybrid materials

EEDFEL Y TFa—T DERERIFENDER synthesis of selenium analogs of biomolecules and their applications to drug discovery
%ﬁﬁ@é‘l_’:?ﬁ'\/{tﬁ%@éﬁi\ &E’a‘%ﬁﬁﬂit:ﬁﬁ?%ﬁﬁ% Synthesis and i igation of novel mixed-anion c

BRFEEETIVIEEMDEMEERERIR Synthesis and Functional Elucidation of Hypervalent Organotellurium Compounds

ﬂf.? B@}ﬁ;&jlﬂ R Lické%*%ﬁg‘ﬁﬁﬁ*jﬂ@éﬁﬁ Synthesis of Photo-Functional Inorganic Materials via Chemical Solution Processes

RERNIAIZH TS/ - RTF RODERHFZE studies on the Synthesis of Stable Isotope-Labeled Amino Acids and Peptides

of thermoelectric ials

Bi-MZFHI—RX Mechanical Engineering and Aeronautics and Astronautics

Bl iz Atsushi Okuyama

&S PRAT Masayuki Ochiai
EAZE 5)\ Yoshiniro Kai

TNAEE 5552 Hideaki Kato

B IEB] Takayoshi Narita
LA 32 Takeshi Yamamoto
&R A1 Kazuyoshi Tsuchiya
TE EAH Tsuchiya Hirotarou
BE E Naoya Fukushima
P ALL—NEA HelmaTahio Uehida
AKS BERE Hiroshi Kimura

AHMAZIRAVRTLDET IVALEHIHE Modeling and Control of Mechatronic Systems

FoAREY—ICED HHERORETEFTHE Design and Evaluation of Machine Elements Based on Tribology

Ea—<r 7LV RU—0ORY FOFZERIF Development of Human-Friendly Robots

THEREE) T4V AT LDIFHERATHIZE Advanced Technologies for Next-Generation Mobility Systems

BRI EIGALEAANOZI XD Study on Mechatronics System Applied Electromagnetics

BEEE RO BIIMmES AT LLODHFZS Power transmission systems with using friction

EEE LEDSHDIATOZ—R LAY —34l7 Microneedle/Sensor Technologies for Improved Healthcare
PRIERDERMTOIZTRIFE Research and Development of Railway-Related Technologies

EHERN OB - T FIEIC K BB SR = R L High-Performance Thermal-Fluid Devices via Understanding, Prediction, and Control of Complex Flows
K% TER LI R AR OMRER R & FHERLAMT Functional Development and Evaluation of Advanced Materials Using Hydrogen
AT OFMET INA A BB &I BEEREMS T Ls Microphysiological system based on microfluidics

65
66
67
68
69
70
71
72
73

75
76
7
78
79

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

102
103
104
105
106
107
108
109
110
111
112

Graduate School of Science and Technology, Tokai University RBAFAF IR HEBEIZHIER

162



REFR BT satoru Iwamori HREIME B RE D AR & A I ST AR T DR H Development of functional coating materials and evaluation technologies for mechanical properties 1 1 3
A1 Bt shinya Hasegawa FEIRDHZS Research on thermoacoustic phenomena 114
FBH E8 Masaki Hashida Sciety5. 0t RE A B L —F —BFIMTEEEGRICEIT SIS Study on laser quantum processing and its industrial applications for realizing society 5.0 115
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JBH A Daiju Numata DFA A= T Hifla B BE R A B B R AN ZEAE D ZE SR OARBER  Investigating the Aerodynamic Characteristcs of Supersonic and Hypersonic Aircraft Using Molecular Imaging Techniques 1 4 7
YEE 572 Hideyuki Horisawa BINEUEEH 75 A HEERE D MEREIE Improvement of miniature low-power plasma thruster systems 118
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FEFF 62 Takeshi Yokoi %ﬁ@ﬁﬁﬁﬂﬁﬁibi@EﬁEI%t Performance evaluation of floor finishing material and proper construction labor 1 30
JEER ZR Ken Watanabe RIBERABHIEL A MEEMEL Environment-Friendly DFRCC 131
TR A Jun Goto IAITLYR)—2 T DREZHIFIZT Applied Research on Age-Friendly Cities 132
FEEZ Shigeyuki Date TLFry ARV — MUSORE - EEEDE L Improving the Quality and Productivity of Precast Concrete Products 1 33
FHAR IES2 Masafumi Tanaka IAV9)— bz )UREEDMEREETEICRI T BHEFFE Performance evaluation of concrete shell structures 134
HRH £ Yoshitaka Kajita THIFUB O bO— VSRS S0 — 3 IT KBRS AT LA DIEEE Development of disaster reduction system with evacuation simulation model under disaster and land use control. 1 35
1L KT Motihiro Sugiyama b B EIC KB HBRMEREDZ b & T AT FHITIREE civi engineering verification of changes in ground performance due to greening and forestation 1 36
Z##H [ Atsushi Mikami BB S ROEHE S [CED SRHEROBEM D ENEFBEIRHA Real-time Damage Detection of Structures during Major Earthquakes Based on Machine Learning of Routine Seismic Response Records 1 3 7

5§5¥EEI$ d—2X Marine Science and Technology

HJER A8 Shigeki Sakakibara  ARAADERETEARED Safe ship mooring 139
A #5— Koichi Shintani OYRTA YAV RAT LCHTHERDRBE BT BHZE Improving Efficiency in Logistics Systems 140
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iﬂ_’,ﬁkfﬁtﬁﬂ$ d—2X FEarth and Environmental Science

FIL (S Nobuiko Akiyama  ZKEEIETES? Aquaculture 144
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HEJR 81T Kazuyuki Uehara SURD AT LTI BHEFDIRE] Study on the Role of the Ocean in the Climate System 146
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