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AI technology can read a type of image (proteomics data) containing comprehensive health status information and share this information with the local community to prevent the isolation of the elderly. To achieve this, it is necessary to develop data acquisition devices as well as a means for open-source data sharing among stakeholders (citizens, companies, and government). This presentation presents the efforts of the Tokyo Institute of Technology to achieve this goal.



A "truly” happy, healthy and

long-lived society
Everyone knows about themselves (health
status, abilities, etc.),
« atanytime
* by himself/herself

-

v Exhibit one's ability and individuality according to TPO
v Can decide for himself/herself what he/she wants to be
v Can take care of himself/herself throughout his/her life

Al supports elder's lives by connecting them
to their local communities




A “truly” happy, healthy and log-lived society

A society where people can live long and happy lives, where they can exercise
their abilities and individuality in accordance with TPO, and where they can make

Comprehensive data on health
status, (Proteomics data image)
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https://www.youtube.com/watch?v=ReWvKzePy7Y Comprehensive health status by Al
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A “truly” happy, healthy and log-lived society

A society where people can live long and happy lives, where they can exercise
their abilities and individuality in accordance with TPO, and where they can make

their own decisions and take care of themselves.
. R |

omprehensive data on health
statis, (Proteomics data imape)
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Hierarchy of living body

: : : Functional :
Physiology Biochemical . Information
: ) expression
ZO Disease reaction management
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Gene (DNA)
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Proteins bear the vital activities

Blueprints Products
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Possibilities Current states

Permanent

from birth to death VEIEISNE EMER €T



To think
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To eat




Lipase



To breathe




Hemoglobin



To move




myosin



To think
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To think



A cell is a system composed of
proteins as the components
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The living body is like
a protein-supported country

Molecular Mechanisms of Cancer
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another day...




Concept
Know the state of that society (organism) by
looking at the whole picture.

Many people (protein) involved in Many people (proteins) involved in life-
manufacturing (development) saving (immunization)
! l
Development (growth) underway ?! Disasters (Diseases) ?!

a day... another day...




What Proteomics is

Society is driven by its members.
Living body

he state of the constituent members reflects
the state of the society.

Proteomics
Comprehensive and bird's eye view of constituent

members

= Profiling of society

Living body
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Proteomics
(2D Gel Electrophoresis)
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Disease
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normal condition at the onset

Early diagnosis of disease, whether or not a drug works,
which drug works, early diagnosis of effectiveness of
treatment, suggestion of appropriate treatment, etc.



Health Food Influences
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Obtaining evidence of food efficacy and elucidating
unknown efficacy



Effects of Training
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Before exercise After exercise
Diagnose the suitability of training methods before they
are effective, and furthermore, suggest training methods
that are appropriate for the individual.



How do we decipher a complex,
information-rich image?
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Al Proteomics
Al deciphers proteomic images

Subject 1 Subject 2

It is unknown what features are Unlike data on the Web, large
valid for 2D electrophoresis images. amounts of data are difficult to obtain
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Face image 2DE image Web images 2DE images

Applying Feature Learning Applying Transfer Learning

Automatically learns features effective for Efficiently learn high-performance features
identification based on the combination and discriminators by utilizing available

patterns of spots in the phoresis images. 2DE-images (without correct labels) as well

Converting the knowledge layer of deep learning
to transition learning

— Educating Al with less teacher data



Machine Learning Using Two-dimensional k&g

Electrophoresis Image Data Diagnosis of sepsis

Source domain data (Table 1)
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Toward a Future Health Care Society for High Quality
Health and Longevity
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Toward a Future Health Care Society for High Quality

Health and Longevity

Data collection state - - -
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Toward a Future Health Care Society for High Quality
Health and Longevity
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Toward a Future Health Care Society for High Quality

Health and Longevity
__Diagnose very early (before

SEFICEIIE (-'Symptoms appear), share with
7" others...
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Toward a Future Health Care Society for High Quality
Health and Longevity

=/ 2
Diagnoses __—  Support

Recovery




Working together for a "long life”

Alone ?!

Healthcare

~




Working together for a "long life”

Alone ?!
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Working together for a "long life”

Al Proteomics
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A “truly” happy, healthy and log-lived society

A society where people can live long and happy lives, where they can exercise
their abilities and individuality in accordance with TPO, and where they can make

omprehensive data on health status

: - Dat#” transfer
AT counselors who work acquisition
Wi th 1 nd 1 Vv 1 dua 1 S Toward a Future Health Care Society for High Quality

Health and Longevity

. 4 4 — 2 .
Proposals and services
for.diving

DT Ea

https://www.youtube.com/watch?v=ReWvKzePy7Y Comprehensive health status by Al
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Toward a Future Health Care Society for High Quality
Health and Longevity
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Toward a Future Health Care Society for High Quality
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Toward a Future Health Care Soc:ety for High Quality
Health and Longeyi
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Data Lake

Availability Analytics Innovation =
® Anonymization and transversal Supply of data analysis services Incubation of venture companii -
search on collective anonymous data and/or new enterprises in :

® Research of data availability

® Data catalogue

® Cross-search with intermational
metwaorks

® Development and supply of existing companies
novel analytical technique ® Acquisition and training of data
® Relationship with the other management persons
analytical services ® fAcceleration of international
cooperation

Cooperation with
™ |ocal government ‘

... t0 Organically integrate data

companies, medical in.____.._
bio-banks, efc.
®  Anonymization,

ELSI(Ethical, Legal, and I

Social Izsues) solution
l m_l model «

accumulation, integration : /o)
® Association The world premier L lF‘arsnnaI data protection Gfe
& Cuality control mathematical competence aw :
® Standardization ® Al specifications ® Supportfor GODPR | 5 -
® Procedure for international T

\\! High spec secure circut
= collaboration project

& Relation with "Data bank”™
functions N
e WY W =

\i\_ Data cleansing

Data LA BE= i %

th gl o

= ch & i E
Records of lives, and two-dimensional Records of behaviors, and two-dimensional

electrophoresis images at that time electrophoresis images at that time

P e




and long-lived society

Fostering Big Data

To raise a shift in the situation from "collecting
data" to "data are gathering".

Through

(1 Academic research

(@ Practical Application R&D Targeting Industry
3 Social Implementation Initiatives

make society aware of proteomics. In parallel,
iInstrumentation is being developed to provide
something that can be used every day.

o1
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m HLS Holistic Life Science Research Map News Internal Contact
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Holistic
.. Life

Science _

Realization of a Bio-First Society

“HLS-Holistic Life Science” is a field that aims to advance the science and
technology of life science and biotechnology, and thereby realize a bio-driven
society that is friendly to humans and the earth; in other words, a "bio-first
society”.

Tokyo Institute of Technology (Tokyo Tech) has established priority strategic fields
with the goal of opening up new frontiers in academia and industry, and has

launched initiatives to achieve solutions to social issues and the realization of a

prosperous future society as well as systematic and strategic partnerships with
industry and the international community. HLS is positioned as one of these
strabegic areas. In addition, it promotes university-wide bio-strategy.

HLS promotes cross-disciplinary research to create new value through science and
technology unique to Tokyo Tech, and builds a "Tokyo Tech bio-ecosystem” to
solve various social issues through the formation of communities in cooperation
with companies and public autharities, thereby contributing to the realization of a

bio-first society.

MESSAGE

In order to realize the frontiers of academia and industry, Tokyo Tech will continue
to impart knowledge that will enrich society and lead the way in deweloping
professionals who can build a brighter future and create new value. For this
purpose, systematic and strategic parinerships with industry and the international
community have become extremely important. Holistic Life Science (HLS), a
strategic field, is a priority of the university and an initiative to solve various social
issues for a prosperows future. Crucial to achieving an envirenmentally friendly and
bio-driven society, it is a field of science and engineering that is essential for
creating innovations that contribute to medicine and health. In order to promote
the creation of new walue through science and technology that is unigue to Tokyo

Tech, we have established a cross-disciplinary HLS research system. We hope that

you will use this website to collaborate with faculty members in the HLS field at




https://www.ori.titech.ac.jp/hls/en/

HLS Holistic Life Science

Realize a bio-first society friendly to humans and the earth

Cross-disciplinary research New frontiers in academia and industry

Drug Discovery Health & Medical Care

Knowledge to Enrich Society

Professionals openin . 2
up the future pene Tokyo Tech Bio-Ecosystem Creation of New Value
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HLS-Haolistic Life Science ’f‘ Tokyo Tech HLS Research Map
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Tokyo Tech Academy for Super Smart Society
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Tokyo Tech Academy for Super Smart Society
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https://www.wise-sss.titech.ac.jp/

[ Specialty-Creativity Education Committee | Open Education Committee

[ Open Innovation Committee | Global Leadership Education Committee | Online Education Committee
Doctoral Thesis Engineering Education Program for CEC Coancortitin
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] e
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International . b
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Collaboration between s\WISE-SSS and
== Super Smart Soaety Promotion Consortium

B What is the Super Smart Society Promotion Consortium?
A next-generation education and research platform

B Students have opportunities to form interdisciplinary research teams with
the Consortium partners and participate in the team with financial support.

FERITANR D - [FEREA e !
SSS Matching Workshop

Held twice a year
Nect: Nov 29th (open in the middle of October)

Intemship Information

SSS Consortium Partners (refer the right)
provide intemship programs

Company tour for students

Open tour of SSS Consortium Partners
(SSS Students Limited)

JTEKT (SH0-B00D

O NTTPoY-a0x @ LG 9
Japan Lab Inc.

P iicran € BTN oo A'p L@

paat i

SSS Promotion Consortium partners (as of August,2023)
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(3

) WISE for Super Smart Society (since Apr. 2020) E&

T WISE Introduction Video
* Opportunities for education and advanced research using multiple research &

education fields that bring together the best of cutting-edge science and
technology

* Unique educational programs in cooperation with industry

e Substantial financial support

62






SSS Research & Education fields

The goal of the super smart society research and education
fields is to provide graduate students opportunities to
conduct experiments that foster problem-solving abilities
for interdisciplinary issues while working alongside
corporations, local governments,

and Japanese National Research and Development Agencies.

Quadruped robotfor outdoor fields:

Onmachine measurements

of target pars onthe table Supervisor

Koichi Suzumori
Department of
Mechanical Engineering,
School of Engineering
P_rofessor

Scene of environmental

monitoring control

Water-surface drone

Automated
driving cars

Smart mobility

This research platiorm is related to automated driving and mobility services
utilizing it. We create new mobility services using electric vehicles controlled
by open-source software and cutling-edge wireless systems (5G, milimeter-
wave band wireless LAN) to process the sensor information delivered
through cameras and LIDAR (a type of laser sensor).

Kazuki Maruta
4 Tokyo Tech Academy for Super Smart Society
‘ y Specially Appointed Associate Professor

Smart robotics Robot Land

This research and education field is related to ground robots. We offer a smart
robotics education research environment utilizing 5G, IoT, and Al. We promote
practical education research to tackle social issues such as disaster response,
infrastructure maintenance, and an aging society. The University created a
quadruped hydraulic-driven robot for an outdoor environment, which can
perform tasksin dusty or rainy condtions.

Gen Endo
Department of Mechanical Engineering,
School of Engineering Associate.
Professor
Smart robotics Smart Manufacturing

This field offers an experiential leaming environment through practice by
seamlessly connecting digital manufacturing flow from parts design to
processing. We offer cutting-edge education and research in smart
manufacturing by combining cameras to obtain 3D data of the shape, positon,
and posturue of a manufactured parts or tools.

Tomohisa Tanaka
Department of Mechanical Engineering,
School of Engineering Associate
~ Professor

Smartrobotics Robot Zoo Sky
Robot Zo Sky s the robotics experimental platiorm for simultaneous
coordinated control of multiple robots such as drones. Utilizing cutting-edge
distributed control technology, we develop environmental monitoring
technologies to realize a reliable and safe society. Furthermore, we offer
students opportunities to learn about technology that securely controls
multiple components and systems connected in networks, which is a
fundamental technical skill in the era of loT.

Takeshi Hatanaka
¢is Department of Systemsand Control Engineering,
W’ School of Engineering
Associate Professor

Smartrobotics Robot Zoo Aqua

The oceans — that s, water — account for approximately 70% of the Earth's surface.
However, much of this aquatic environment remains unknown. To resolve this
Robot Zoo the standpoint of
robotics to social issues related to the aquatic environment. We conduct controlled
experiments of underwater robots using real water surface drones. Such a
practicum environment is unparalleled within and outside Japan.

Motomu Nakashima

Department of Systemsand Control Engineering,
‘% School of Engineering
Professor

Fabrication and measurement system  for

thin superconducting quantum fims

Supercomputer: TSUBAME 30

Drone field

Student experiment  using

cryogenic equipment

Body surface temperature by
an infrared thermal image camera

IOV 1 1TLLUL

Quantum computing

Quantum computers are expected 1o be the next-generation ultra-high-speed
computers based on quantum mechanics. Manipulating qubits on a large-scale
will_enable massive parallel computing. Research on potential applications is
also underway and should contribute to solving the information processing
issues required for a super smart society.

Tetsuo Kodera
T b Department of Electrical and Electronic Engineering,
School of Engineering

)
N Associate Professor

Quantum

Sensors
A sensor is defined as a device that converts a physical phenomenon and the
state of an object into an electric signal. A quantum sensor is a type of sensor
that uses the quantum effect (a phenomenon in quantum mechanics). Because
quantum sensors are more sensitive than conventional sensors, they are
expected to contribute to a super smart society. We are working on the
development of such sensors with an emphasis on SQUID, which s a quantum
sensor capable of detecting minute magnetic fields

Toru Hirahara
k Department of Physics,
School of Science

a3 Asociate Professor

Artificial intelligence

Tokyo Tech started “Data Science & Artificial Intelligence Research Group for Social
Good" (DSAI), and began preparing for artificial intelligence education for
graduate students. As part of this initiative, we retrofitted four lecture rooms with
Wi-Fi 6 wireless LAN, which allow students to access the high-speed network for
machine leaming services in the cloud from their own PCs and tablets.

Koichi Shinoda
Department of Computer Science,
School of Computing

N { Professor

Smartworkplace

To create a comfortable living space in the architectural environment, we measure
and sense the indoor environment and physical characteristics of occupants. A
smart, comfortable, and productive envirnment is created by Al-controlled air
conditioning, which estimates and adjuststhe comfort level from the collected
data. In this way, we demonstrate indoor environment sensing, air conditioning

control, and the ocoupant specific comfort level in a real space.

Naoki Kagi
Department of Architectureand Building Engineering,
School of Environment and Society
Professor

Smart agriculture

To solve specific issues in Japanese style small-scale agriculture, including long
work hours, low productivity, and low profitability, smart agriculture education
research aims to realize automated, stable yields of high-quality crops using
remote agricultural technology with Al 10T, and robotics. We offer
opportunities for students to learn technical elements related to smart
agriculture for small open fields as well as farming. We also provide research
opportunities for joint projects with partner organizations.

Kuniaki Uto
Department of Computer Science,
School of Computing Assistant

rofessor



Tokyo Tech

Tokyo Tech
Center for Entrepreneurship Education (CEE)

- Mission and Curriculum -
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Tokyo Tech

_a

Center for Entrepreneurship Education

To provide students with opportunities to acquire entrepreneurial skills to utilize their advanced professional abilities

To develop diverse talents with a mindset and skills to create the future society by utilizing their comprehensive knowledge.

Tokyo Tech Entrepreneurship Education Produce outstanding global leaders in
. . . . . . the field of science and technology
Expertise education X Liberal arts education X Entrepreneurship education .
PSR et~ All the entrepreneurs not only in startup

__—

companies but also in government

Entrepreneurship Education

institutions, international institutions,

Value Creation universities etc.

XLeadership
Value <4 —p Global
Creation All the bachelor and graduate students Leaders,h 1p To the Future Model Campus
Education ’ Education

acquire the following mindsets and skills to

full of students who have acquired
entrepreneurship in the "broad sense”

fCurrent Situatio

solve global social issues.

Conventional “narrow - A A
@ Based on specialized science and engineering skills

such as

¢ Work together as an interdisciplinary team
@ Take on challenges without fear of failure

4

Value Creation
XELST*

sense” Entrepreneurshij Leadership

X Career

¢ Change politics using science and technology
* Transform the international scheme

education Create and establish new values in our society

* Launch innovative businesses in companies
* Pioneer challenging research fields
* Creating a new society Y |

- How-to guide and

> | Career Education

practice for startup
- Only for students

\_aiming for startup % 20
TSt Expertise education e / Liberal arts education L

Reform

Further develop educational reforms in 2016 by adding science

*(Commercial) entrepreneurs, intrapreneurs, policy
s > y

and engineering entrepreneurship education, which is essential entrepreneurs, local entrepreneurs, academic entrepreneurs,
. social entrepreneurs, etc.
for the SOCIety Of the future * Fihical, Legal and Social Implications
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National University Corporation Tokyo Medical and Dental University (TMDU)
(President: Yujiro Tanaka) and National University Corporation Tokyo Institute of
Technology (Tokyo Tech) (President: Kazuya Masu) have reached an agreement on
the merger of the two national university corporations and their universities, Tokyo
Medical and Dental University and Tokyo Institute of Technology, to form one
national university corporation and one university. The merger is targeted 1‘056
completion in fiscal year 2024.
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“Convergence Science”

— New academic fields created by university integration

Future The creation of groundbreaking academic fields through convergence science, including essential fusion of
the humanities and sciences.

e Earth Environmental ¢ Generative Al e Quantum Medical and
Science Medicine/ Dentistry Dental Science
| nitial foci —GX & sustainability —Drugs for intractable diseases —Early detection of diseases by
Examples of new —IScT Initiative: Planetary —I ST Initiative: V\ellbeing quantum sensors

academic fields environment —| ScT Initiative: Total healthcare

Present

Examples of cutting-edge
research

1 year

- = _D. “ &-: Period [Region| Japans World |
[ S ; arger Gl | Wl i o W : Regenerative medicine
-Ultra-low temperature  Multidisciplinary =~ Large-scale language Nucleic acid medicine (regeneration of
high-speed resilience science models (LLM) Quantum sensor (hetero-nuclear medicine) hematopoietic cells)
ammonia synthesis (NV center)
-CC2 recycling
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A “truly” happy, healthy and log-lived society
A society where people can live long and happy lives, where they can exercise
their abilities and individuality in accordance with TPO, and where they can make
their own decisions and take care of themselves

A somety where the eIderIy are not |solated
and live happily
under the watchful of the community
while maintaining self-respect and fulfillment.

AN A ..
mmEn

https://www.youtube.com/watch?v=ReWvKzePy7Y Comprehensive health status by Al



https://www.youtube.com/watch?v=ReWvKzePy7Y

Self-Personalized Well-Being for the Elderly
Supported by Comprehensive AI Healthcare

to Connect the Local Community
Sustainable futuristic healthy society realized through
AI-assisted proteomics based on practical open innovation

Nobuhiro HAYASHI
Tokyo Institute of Technology CEWIT2023 Conference
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