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(1) How to design successful gPBLs
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Table 1: How to design successful gPBLs

i.Finding a partner university: If your
university has an alumnus who is working
at an overseas university, this can often
be the easiest way to start the process of

partnering with them to run a gPBL.

ii.Making agreements and partnerships if
there is no already-existing Memorandum
(MoU)

of Understanding between your

institution and the partner university.

Byfba vy —HlAzE, QIR a2V —
¥ 7 L CEFR Can-Do list, M O'@AFE TIE
f% L 7= Student satisfaction questionnaire
D3R THERISNDLIMEOT EAA Y FY—
NERCTN D EHARD 2022 FEZITEN L
7oxtm A 742 gPBLINT, 722/ 7 AT
ZIMU TN ERDFEELD
satisfaction questionnaire ® JLEEER ] ST
it 0SB W& DIERIN B o T2 72D fl e
ZIEIN L7 BT R 2R L7 (FREs M),

student

Table 2:

SIT’ s Student Satisfaction Questionnaire

iii.Designing the content and preparing
for the launch of the gPBL with the partner

university.

i.Are you satisfied with the study abroad
program, in terms of the support you have
received from university faculty and

staff?

iv. Recruitment of participants for the

program.

v. Implementation of the gPBL.

vi.Conducting a follow-up survey with

participants, faculty members, and staff.

ii.Are you satisfied with the study abroad
program, in terms of the opportunities for
collaboration delivered by the course
format, and the other students’

willingness to collaborate?

vii.Program Evaluation.

viii.Publicising the program and its
results, for example by submitting papers
and giving presentations at international

conferences.

iii.Are you satisfied with the study
abroad program, in terms of the facilities

offered for online learning?

ix. Sharing your gPBL know—how within your
university, in order to allow for the

expansion of future programs.

iv.Are you satisfied with the study abroad
program, in terms of the course length and
how well the length of the course matched

the amount of content covered?

x. Ongoing implementation of the gPBL,
such as making proposals for changes to
scheduling, and

subsequent programs,

having continued communication with the

partner university.

v.Are you satisfied with the study abroad

program as a whole?

(2) Student Satisfaction Questionnaire

AREZTIiX, 2019 FEE L W KR TEMT 2L

TN T 77 2O/ ENEY —1LE LT,

Dzava BT K% Prof. Miville 23BHZE L 7=

— 49

vi.Please describe in your own words your
opinions and impressions regarding the
study abroad program you have taken part
in. In particular, please feel free to
mention any thoughts or feelings you had
about the program which are not covered in

the questions above

(3) Systematic Issues with Online gPBLs
KBFFE 7 vy =7 ML D, 2021 4RI
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i. Journal of Japanese Society for
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Engineering Education: Special Issue 71-1
(2023 41 H)

Title: Interdisciplinary Online Robotics
Workshop: Pedagogical Issues and
Innovations

Authors: Hatsuko Yoshikubo, Sumito
Nagasawa, Nabilah Ibrahim, Hiroyuki

Ishizaki, Masahiko Tachibana

ii. Journal of Japanese Society for
Engineering Education: Special Issue 71-1
(202341 A)

Title: Assessment of Online Study Abroad
Programs from the Students’ Perspectives
Authors: Hatsuko Yoshikubo, Aihara
Soichiro, Masahiro Inoue, Atsuko Yamazaki,
Ned Loader, Hiroyuki Ishizaki, Masahiko

Tachibana

(2) Conference Papers

iii. The 2023 American Society for
Engineering Education (ASEE) Annual
Conference & Exposition (2023 # 6 H)
Title: Creating Innovation for
Interdisciplinary Robotics Workshops:
Solving Systematic Issues in the Online
Project—-Based Learnings in Engineering
Education

Authors: Hatsuko Yoshikubo, Sumito

Nagasawa, Hiroyuki Ishizaki

iv. The 2023 American Society for
Fngineering Education (ASEE) Annual
Conference & Exposition (2023 4F 6 H)
Title: Fostering Global Engineers through
the Study of the Humanities: Assessment of
the Course ~Science and Religion in Japan’
from a Racial Equity Perspective
Authors: Hatsuko Yoshikubo, Gabriele

Trovato, Hiroyuki Ishizaki
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v. The 2023 American Society for
Fngineering Education (ASEE) Annual
Conference & Exposition (2023 & 6 H)
Title: Affordable robotics toolkits for
equitable and interdisciplinary education,
transformable to searching nodes for
disaster onsite investigations

Authors: Hiroyuki Ishizaki, Sumito
Nagasawa, Hatsuko Yoshikubo, Hitoshi

Nakamura

(3) Conference Proceedings

vi.The Asia—Pacific Association for
International Education (APAIE)
Conference and Exhibition 2023 (2023 4 3
ED)

Title: Creating Innovation: Designing
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Improvement of Research-based Learning Style by

Integrating IoT and Emotion Sensing Technology

Innovative Global Program

1. Paper introduction

The field of education is constantly
evolving to meet the changing needs of
students and the demands of the workforce.
Research—based learning (RBL) has emerged
as a popular teaching approach that
emphasizes the use of research as a means
of learning. RBL encourages students to
actively engage with course content,
develop critical thinking skills, and
their real-world

apply knowledge to

problems. In addition, teachers and

students 1in the <class can actively

communicate, collaborate, and discuss
domain—-specific knowledge

Despite the potential benefits of RBL,
the learning environment has been forced to
change due to the COVID-19 pandemic. There
are certain differences between
face—-to—face and online RBL styles that
must be clarified to provide an effective
learning experience to students. This
research integrates IoT and emotion
sensing technology as the RBL workshop
content, which requires the students to
actively participate in activities rather
than passively attend the lectures alone
Thus, it 1is necessary to evaluate and
improve this teaching approach to ensure

its effectiveness. The evaluation results
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will be used to improve RBL

teaching/learning style, which
contributes to a better education in the

Innovative Global Program (IGP)

2 . Research program

We targeted students who have no or
little experience in conducting research.
Thus, we recruited those who belong to IGP,
which is an undergraduate RBL program of
the Shibaura Institute of Technology.

We held RBL workshops to perform
research activities and collect RBL
evaluation results from students. The
workshop is divided into the following
steps:

(1) Faculty gives lectures on basic
knowledge in IoT and emotion sensing
technology to get students ready with
the same background knowledge (Figure

1).

(2) Students implement individual and
group projects aiming at building both
technical and soft skills.

(3) Students present and discuss their
projects. Then, they evaluate the
overall experience by the

questionnaire (Table 1).
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. presentations easily and
Week Topic
smoothly.
Part 1: loT Q3.9 1 can make group project
1 |Introduction to loT and embbedded system demonstrations easily and
2 | Circuit and sensor basics smoothly. o .
Q3. 10 I can make individual project
3 |LED+Sensor (Part 1) demonstrations easily and
4 | LED + Sensor (Part 2) smoothly.
5 | CG + Sensor + Programming with Processing (Part 1) Q3. 11 As a result of taking this
: - : course, | am confident that I can
6 | CG + Sensor + Programming with Processing (Part 2)
adapt the knowledge and
Part 2: Emotion Sensing Technology experience from this course to my
7 | Introduction to emotion estimation technology future applications.

8 |Biological sensor basics

9 | Pulse sensor tutorial 3. Status of progress
10 |Brainwave sensor tutorial

We recruited a total of 6 students (5
11 |Biological sensor with circuit

ale emale o are in the first yea
12 | Design of experiment, Data Visualization and Analysis males, 1 femal )’ wh re in the fir year

] ) of IGP, to participate in the workshops.
Figure 1: Lecture outline

During the workshops, the students

) ) ) ) designed and developed their projects
Table 1: List of questionnaire items

N - based on the basic knowledge obtained from
o. Question

Q1 Rate overall satisfaction of this the lectures. There was no restriction for
course when you joined

{online/face-to-face) (5-point the project theme, however, they were

scale: b=Excellent, 1=Very poor) encouraged toutilize the knowledge as much
Q2 Which style do vyou prefer for .
this course? (2 Choices between as possible.
online and face-to-face) The students have developed IoT
Q3 Please give ratings on  the . . .
following points when you joined devices for their projects such as
the classes automatic dispenser using ultrasonic
{online/face-to—face}. If you
absolutely have no experience or sensor, a low-cost pupil computer
no idea, please select "I don’t interface, traffic light simulator, door
know. ” (5—point scale:
5=Strongly agree, 1=Strongly lock system, and dog snack shooter (Figure
disagree, 0=Do not know) 2)
Q3.1 1 understand the lectures )
clearly.
Q3.2 I understand the demonstration or

explanation that involves IoT
components, brainwave and pulse
sensors, software usage, etc.

Q3.3 I can ask questions or discuss
them easily with the lecturer
during class.

I can ask questions or discuss

Q3.4 them easily with classmates
during class.
Q3.5 I  can collaborate easily and

smoothly with classmates during
group projects.

Q3.6 I can work easily and smoothly
with individual projects. i
Q3.7 I can make group presentations Figure 2: ToT device development projects
easily and smoothly.
Q3.8 I can make individual

s (TP~E3 |




In addition, they employed emotion

sensing technology to perform experiments

for their projects such as:

e Study of emotion synchronization method
for robot facial expression

e The effect of different genres of music
on physical exercise and driving
simulation

e pNN50O estimation from facial videos
using a spatiotemporal representation
with convolutional neural networks

e The effect of sleeping position on pulse

data

After completing the projects, the

students evaluated the experience on

participating in the workshops. The

evaluation results are described as

follows:

e There is no large difference in the
overall satisfaction between online and
face—to—face RBL styles for both IoT
device development and emotion sensing

However, the

technology workshops.

face—to—face style shows larger
standard deviations. (Figure 3)

e For the preference in learning, the
number of students who selected online
and face—to-face styles is equal (Figure
4). Though the result is inconclusive,
we need to further consider the tendency
of students who prefer online learning
style due to the effect of long—term
learning from home due to the COVID-19
pandemic.

e For the result of experience ratings for
both workshops, the online style shows
higher ratings while the face-to—face
style shows lower ratings with larger

standard deviations for all question

47 —
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items. The results indicate that the
large

face-to-face style may have

individual differences, and thus,

further investigation is necessary.

Based on these questionnaire results,
we found that the students tend to prefer
and had a better experience with online
learning. Though it is known that
face—to-face communication gives better
outcomes for the learning style that
require a lot of interaction like RBL, the
recent trend may have changed, and it is
necessary to consider what kind of
activities do not require the real presence
of people. The time that could be reduced
other

may be able to contribute to

productivity.

N

loT Device Development  Emotion Sensing Technology

S

w

N

m Online m Face-to-face

Figure 3: Overall satisfaction rating (Q1)

loT Device Development  Emotion Sensing Technology

N W s 0o

[ury

mOnline m Face-to-face

Figure 4: Preference in learning styles

(Q2)

(T0P~E% |
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loT Device Development 4 . Future program, paper submission and

1 2 3 4 results briefing

o
(%]

Q3.1 In this research, we aim to improve

3.2 the RBL style by considering online and

face—-to—face communication and

collaboration. We conducted workshops on

project—based IoT device development and

emotion sensing technology with IGP

students and evaluated the experience

with the workshops.

We found that the students prefer

8
%

8
[+)]

the online RBL style. However, there is
Q3.9

a possibility that it could be the bias
Q3.10

of the recent trend of studying from
Q3.11

home due to the COVID-19 situation.

mOnline m Face-to-face Therefore, we plan to continue observing
Figure 5: Experience rating for IoT device and evaluating students preferences as
development workshop (Q3) well as performance in the long term in
order to provide the best practice for

Emotion Sensing Technology the RBL.
1 2 3 4

o
w

Through this research, the

participating students have gained

2
i

technical skills, especially in IoT device

02 —
w3 —— development. They further applied the
knowledge to develop IoT-based robots and
0 —
published these works as research papers in
s I an on—-site poster session of an
036 IE— international conference, Asia Pacific
Q37 ———— Conference on Robot IoT System Development
Qs and Platform (APRIS2022), as follows:
o P— e U. Pradhan, C. Feng, T. Laohakangvalvit,
P. Sripian, M. Sugaya., Development of
Gl EE—
Real-time Controlling of Zumo Robot
w1 —

Movement using Brainwave Sensor.
m Online m Face-to-face e A. Suksai, C. Feng, T. Laohakangvalvit,
Figure 6: Experience rating for emotion P. Sripian, M. Sugaya., Line-tracing

sensing technology workshop (Q3) Zumo Robot for Automatic Plant Watering.
e L. Chen, C. Feng, T. Laohakangvalvit, P.
Sripian, M. Sugaya., Path Finding and

Traffic Simulation with Zumo Robot.

s (TP~E3 |
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Design and Implementation of Double Degree/Joint
Degree Education Model for Doctoral students at SIT

FEERRRTE

1. Introduction

University branding plays a crucial role
in attracting students and ensuring a
sustainable future for the institution. In
recent years, academic rankings have
become the focal point of the education
sector, with various factors such as
educational

international programs,

research work, publications, and
collaborations serving as key determinants
of a university' s global recognition.
Joint Degree (JD) and Dual Degree (DD)
programs have gained significant
importance worldwide, as they encompass
many of these factors and are being
implemented by universities across the
globe. Previously, creating JD programs
posed challenges due to differences 1in
curriculum among universities. However,
universities now utilize specially
designed courses with predefined timelines
and standardization of syllabi has
simplified the implementation of JD
programs among partner universities

Similarly, DD programs offer students the
opportunity to obtain two degrees within
the same timeframe, enabling them to not
only acquire a diverse education but also
develop an understanding of cultural
differences in both countries. Moreover,
participating in DD programs enhances
students’ job twofold.

Consequently, in recent years, DD programs

prospects

have become increasingly appealing to both
local and international students

Shibaura Institute of Technology (SIT)
is at the forefront of embracing the

modern wave of globalization by

V73 LIVH

implementing innovative JD and DD programs.
Over the past few vyears, SIT has
diligently gathered insights on how
leading universities worldwide are
successfully integrating these programs,
facing challenges head-on, and reaping
remarkable outcomes. With a focus on
SIT has closely studied
universities with  exceptional  world
rankings, strategic locations, and diverse

fields of interest. The ultimate objective

excellence,

of this research is to forge robust
partnerships with universities across the
globe, establishing  top-tier DD/JD
programs for doctoral students and taking
concrete strides towards this vision. SIT
has set forth Kkey objectives that
encompass a multifaceted approach to
elevate its global standing and ranking.
By expanding research activities,

fostering innovation and entrepreneurship,
nurturing international collaborations,

and enriching the quality of education and
teaching, SIT aims to attain unparalleled
growth. Collaboration with

international institutions serves as an

esteemed

invaluable gateway to fresh research ideas
and approaches, resource sharing, and
bolstering the impact and quality of
research output. Furthermore, an increase
in the enrollment of PhD students fuels a
continuous flow of talented researchers
who contribute to SIT s research agenda,
fortify the quality of research endeavors
and solidify SIT s reputation as a
research—intensive university

SIT places great emphasis on cultivating
a diverse and inclusive campus environment,



which welcomes students from around the
world and nurtures cross—cultural
interactions. By fostering global leaders
and enhancing students’ intercultural
competence, SIT envisions an environment
where various cultural exchange programs,
enriching study tours, and impactful
community engagement projects thrive

Remarkably, these 1initiatives can be
implemented with minimal financial burden,
ensuring a cost—effective and sustainable
approach to long—term growth and success

By leveraging its existing resources and
forging strategic partnerships, SIT 1is
poised to create an innovative and dynamic
learning environment that magnetizes and
retains the brightest talents globally. As
a result, SIT's reputation will soar to
unprecedented heights, solidifying its
position as a beacon of academic

excellence.

2. Research Activity / Plan

In the past, SIT has successfully
implemented the DD/JD program, which has
led to fruitful collaborations and
positive outcomes. For instance, SIT
collaborated with the University of Caen
(France) and facilitated the enrollment of
a doctoral student from the University
Putra Malaysia for a year of joint
supervision at SIT. Furthermore, SIT has
expanded its collaborative efforts with
several universities, including IITM
(India), KMUTT (Thailand), UPM (Malaysia),
and the University of Caen (France).
Recently, SIT has initiated discussions
with Directors, Vice Chancellors, and
Deans from prominent Indian universities
through the Japan—India Universities forum
organized by JST. These discussions have
opened up exciting possibilities for the
establishment of DD/JD programs and
research exchange initiatives with Indian
Institute of Technology Kanpur (IITK),
Indian Institute of Technology Hyderabad

(IITH), and Guru Gobind Singh Indraprastha
University (GGSIU).

During the fiscal year 2022, SIT carried
out various research initiatives that
resulted in successful collaborations with
other universities. An outstanding
accomplishment was the completion of Ms.
Yiteng Xing's PhD as a dual degree
candidate, earning her degrees from both
SIT and the University of Caen in France

This achievement further strengthened the
partnership between the
institutions. Additionally, SIT welcomed
a doctoral candidate from UPM for a year-—

research

long research exchange and joint
supervision, enhancing the cross—
institutional collaboration. Notably, SIT
facilitated student and faculty exchanges
with IITM in India and UPM in Malaysia
during the aPBL program held in December
2022. These  exchanges provided an
opportunity for discussions on the DD/JD
program and fostered research exchange
activities.

IITM, a prestigious institution in India
renowned for 1its global standing, is
seeking a partnership with SIT to
establish a JD program. This collaboration
would greatly enhance SIT s reputation and
recognition. Currently, SIT 1is 1in the
final stages of the process, which
involves joint supervision of students. In
the near future, they will develop a DD/JD
Memorandum of Understanding (MoU) with
TITM. UPM is
collaborative partner with SIT, and they
currently have a PhD student who 1is

already a strong

jointly supervised by both institutions

In the upcoming year, SIT will focus on
establishing an MoU for a PhD-level JD/DD
program and identifying suitable
candidates. Additionally, SIT 1is in
discussions with other esteemed Indian
universities such as IITH, IITK, and GGSIU
for potential research collaborations. SIT
aims to create a DD/JD program at the PhD

TOPAR 5



level with these universities, fostering
sustainable collaboration between them.

3. Program
During my visit to the University Putra
Malaysia (UPM) on March 13,2023 I had the
privilege of attending a presidential
meeting with esteemed representatives
Vice—President Prof. Dr. Ismi Arif Ismail,
Director Prof. Dr. Abdul Mua’ ti Zamri Bin
Ahmad, Deputy Dean Prof. Siti Hasana Sapar,
Prof. Chen Soo Kien, Assistant Registrar
Ms. Nur Nadjla Ahmad Razei, and HMS Ms.
Nadia Zawani Hussin were all present. The
primary topic of discussion was the
potential establishment of a double degree
program for PhD students, specifically
between SIT and UPM. Following fruitful
deliberations, a meeting was scheduled for
the next day with President Prof. Dr. Mohd
Roslan bin Sulaiman, during which further
progress on the implementation of the
double degree programs between both
universities was assured

The proposed program is anticipated to
have a significant impact by enhancing
both the quality and quantity of research
endeavors between the two universities.
Not only will it benefit the students by
providing them with the opportunity to
earn degrees from both institutions, but
it will also foster a stronger
relationship between SIT and UPM. This
collaborative program will serve as a
platform for the universities to join
forces and address complex research
problems that
interdisciplinary approaches. Following

necessitate

the meeting, there was an agreement to
proceed with the development of a model
for a DD/JD program between SIT and UPM.
This accomplishment demonstrates the
commitment of both universities to
promoting academic excellence and
cultivating collaborations that extend

beyond their individual campuses

On January 12, 2023, 1 embarked on a
captivating visit to the prestigious Guru
Gobind Singh Indraprastha University.
There, I had the privilege of engaging in
a truly fruitful meeting with esteemed
university heads, brilliant professors,
dedicated research staff, and aspiring
research scholars at GGSIU. An exceptional
individual, Prof. Dr. Neeleshwar from the
esteemed Department of Physics, shared an
unwavering passion for ©pioneering a
groundbreaking double degree program for
PhD students. The ensuing discussions on
the development of this extraordinary
DD/JD program have begun with a palpable
sense of optimism for a truly remarkable
outcome.

The professors and Dean of GGSIU have
demonstrated their keenness for research
collaborations and facilitating student
exchanges with SIT, thereby amplifying
the potential of this partnership. This
reciprocal program will unquestionably
offer students from both institutions an
outstanding opportunity to acquire
global exposure and learn from esteemed
experts in their respective domains.

On October 27, 2022, an extraordinary
event unfolded at Dillard University in
the United States, igniting an atmosphere
of anticipation and intellectual fervor.
Esteemed figures, including the visionary
President Prof. Rochelle L. Ford, the
accomplished Senior Vice President Prof.
Mablene Krueger, and the distinguished
Prof. Dr. Darwish, graced the occasion
with their presence. This grand gathering
was a melting pot of groundbreaking ideas,
as renowned minds converged to unlock the
doors of research collaboration and engage
in thought-provoking discussions that
promised to shape the future.

During the meeting, an extraordinary
breakthrough was made in expanding the
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student and staff exchange program,
marking a remarkable achievement for both
parties involved. Additionally, in—depth
discussions were held regarding the
implementation of the JD/DD program,
student exchanges, and research
collaborations, setting the stage for its
actualization.

In February 2023, a momentous occasion
took place as President Prof. Rochelle L.
Ford from Dillard University visited SIT
to actively participate in the gPBL
Program. This visit provided a valuable
further

specifically focused on meticulously

opportunity for dialogues,
planning and executing the JD and DD
program, with a particular emphasis on
identifying and overcoming potential
obstacles. Notably, fruitful discussions
were held with the Chairman of the Board
of Directors, exploring future
collaborations, particularly in the realms
of research exchange and DD programs.
These discussions signify a pivotal
advancement in strengthening the
partnership between our institutions and
hold immense potential for fostering
numerous collaborative opportunities in
the times to come. It is important to
highlight that all these meetings and
discussions were centered around the DD
student

underscoring their significance

program and exchanges,

4.  Future Plan, academic societies,
submissions/presentation status of papers,
etc.,

Join us in our program as we embark on an
exciting quest to discover universities
that perfectly complement SIT s research
areas. Our goal is to foster long—term
partnerships with  these exceptional
institutions, opening doors to

extraordinary  opportunities such as

Memorandum of Understanding (MoU) for
Joint Degree (JD) or Double Degree (DD)
programs.

We’re thrilled to announce that SIT has
successfully secured MoUs with UPM,
granting students the chance to pursue a
double degree from two prestigious
universities. This one—of—a-kind
opportunity guarantees an exceptional
educational journey, unlike any other.

Moreover, SIT 1is actively working
towards the establishment of a PhD-level
JD/DD program with UPM. We anticipate that
two students from UPM will join us in the
upcoming  fiscal  year, pending  the
successful completion of the MoU for the
DD/JD programs.

Furthermore, we are actively seeking
fruitful research collaborations with
esteemed universities like IITH, IITK, and
GGSIU. Together, we aim to identify shared
areas of interest and explore the
possibilities of joint research projects,
faculty exchanges, and student exchanges

As we approach the end of August 2023,
we eagerly anticipate discussions
regarding the potential inclusion of new
Ph.D. students in the JD/DD program at the
University of Caen (France). The prospect
of this partnership is truly promising

In September 2023, as part of the gPBL
program, we will welcome students and
delegates from IITH. During their visit,
we plan to engage in meaningful
conversations regarding the signing of an
MoU between IITH and SIT, with a specific
focus on research collaborations. This
will pave the way for an exciting Double
Degree program between our esteemed
institutions.
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Research progress report (Form. 1)

Production of Engineered Microplastics by Proton Beam
Writing (PBW)

BERI¥HR Puttaraksa Nitipon

Research col leagues
BELKIER Prof. NISHIKAWA Hiroyuki

SIT Research Laboratories Assoc. Prof. SEKI Hironori

1. Paper introduction
This report provides the progress of
SIT Project for Research Grant (Start-up
in FY2022) .
Nowadays, it has been recognized that
faced the
in which the plastic size
As published by
2022,

microplastics can be found everywhere,

our world has problems of
microplastics,
is less than 5 mm [1].
the Japan Times on July 3,
such as in oceans, air, and human organs
[2]. As a result, it

researchers around the world to tackle

is essential for

and solve the current microplastic issues

Figure 1: An image of microplastics. Image
credit: Oregon State University, obtained from
Wikimedia Commons under CC-BY-SA-2.0
(https://creativecommons. org/licences/by-sa/

2.0/deed. en) .

Figure 1 demonstrates an example of
microplastics that have been a concern in
global environments. Typically, the
shapes of microplastics can be classified
as microbeads, resin pellets, fragments
films, and lines/fibers [3]. Due

to the different microplastic shapes,

foams,

detecting microplastics in various shapes
Thus,
microplastics are needed as the model

is still challenging. engineered
plastics to develop a standard analytical

tool for identifying and monitoring
environmental microplastics

This research project aims to utilize
a proton beam writing (PBW) technique for
producing SU-8 engineered microplastics,
Fig.2, for

environmental research

as shown in future

(a) Proton Beam Writing (PBW)
1 MeV protons

(b) Development in SU-8 developer
SU-8 engineered microplastics

iﬂ"/\“% .

Cross-sectional view

1 MeV protons

ﬁm

su-g/si

Micropattern

~30um
-

tsus i

Cross-sectional view_

Figure 2: Schematic drawing of fabricating
engineered microplastics in SU-8 by (a) proton
beam writing (PBW) and (b) after development in
SU-8 developer.
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2 . Research program
This research project employed the
a hot

plate, a 1 MeV proton beam writer, an

equipment, i.e., a spin coater,

optical microscope, and a confocal laser
Fig.3. The

processes for making the SU-8 engineered

microscope, as shown in

microplastics by the PBW method are as

follows:

Step I: Cutting silicon (Si) to
~15 mm x ~15 mm

Y e
$

Step 11: Spinning SU-8 3025

(MicroChem) on the ~15 mm x ~15 mm

+—p
15 mm

substrate using the spin coater
(Fig. 3(a)),
with the first spin step (speed =
500 rpm, acceleration = 100 rpm/s
and spin time = 10 s) and fol lowed
by the second spin step (speed =
4000 rpm, acceleration 300 rpm/s
spin time = 30 s)

£

Step 111: Baking on the hot plate
(Fig. 3(b)) at 95 C for 15 minutes

‘///;; mm

$

+—>
15 mm

Research progress report (Form. 1)

Figure 3: The main equipment used to produce

SU-8 engineered microplastics in this research
project. (a) A spin coater, (b) A hot plate,
and (¢) A 1 MeV proton beam writer, at a shared
equipment and facility center, Omiya campus.
(d) A Nikon LV100 optical microscope at Prof
Nishikawa’ s laboratory, and (e) An Olympus
LEXT O0LS4000 confocal laser microscope at

Techno Plaza, Toyosu campus.

Ny




Step IV: Micropatterning using the 1

MeV proton beam writer (Fig. 3(c))
1 MeV protons

Micropattern
\\oo 516
(o]

O O O
tsues I

¢

Step V: Post exposure baking at 95 C

for 5 minutes
Step VI:

developer for 8 - 10 minutes

Developing in SU-8

SU-8 engineered microplastics

iiﬂia

4

Step VII: Characterizing the SU-8

microplastics using the optical

microscope (Fig. 3(d)) and the laser

microscope (Fig. 3(e))

3. State of progress

This research project has successfully
utilized the PBW technique to produce the
microplastics on Si
of this work
could further be applied as the model

SU-8 engineered
substrates. The results
natural microplastics that could be used

in the future environmental research
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4 . Future program, paper submission and

results briefing

Micropattern in this report for producing
by the PBW was
designed with the circles of 30 um in

the SU-8 microplastics

diameters, as shown in Fig. 4. The writing
field for the PBW was 200 pym x 200 um.

Dlameter (30 pm)
lm . .
10 ;lm

) 200 pm )
The micropatterning design of the

200 pm

Figure 4:

circles with a diameter of 30 um for the PBW to

fabricate the SU-8 engineered microplastics.
Figure 5 (a) and (b)

SU-8 microplastics that were fabricated

illustrate some

by the PBW technique after developing in
the SU-8 developer.

smooth surface of the SU-8 microplastics,

The results show the

which is one of the advantages of using

the PBW for fabricating -engineered
microplastics.
Experimental result also demonstrates

that the SU-8 microplastics were floated
from the Si substrate during the developing

process. Some SU-8 microplastics were still
aligned as the design (see Fig. 5(a)).
However, some SU-8 microplastics were moved

and aligned in the new arrangement, as seen
in Fig. 5(b). This result offers the benefit
of collecting the SU-8 microplastics on the
Si substrate and can be detached from the
future

substrate when required for the

application



SU-8 microplastics
3241 pm

31.48 pm /

‘ 32.41 pm
32.10 pm

31.02 um

32.41 pm

SU-8 microplastics

31.29 pm /

32.52 pm

31.6 pm
31.29 pm

Figure 5: Optical images of the fabricated
SU-8 microplastics by the PBW after developing
in SU-8 developer, taken by the microscope (Fig.
3d). In the development, the SU-8 microplastics
were floated from the substrate and aligned with

(a) same arrangement as the design in Fig. 4

and (b) new arrangement

the height of the SU-8
microplastics is determined by the
thickness of SU-8 film. Figure 6 depicts
a confocal

Generally,

laser microscope image of the
SU-8 microplastics with the scanning line
height of the SU-8
The result indicates that
the SU-8 microplastic height was ~22.4 um,

to measure the

microplastics.

which is in an agreement of the thickness
of SU-8 (~20 um) at the spin speed of 4000
rpm from the data sheet provided by the
MicroChem [4]
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Figure 6: A confocal laser microscope image

of the SU-8 microplastics with a scanning line

This further
develop by coating metals on the SU-8

research project will
engineered microplastics. Consequently,
the ion beam analysis techniques will be
applied to characterize the metals on the
engineered microplastics

is expected to be
IBA & PIXE 2023

conference in October 2023 and published

This future work

presented at the

in a conference proceeding

For FY 2022 activity, [ presented the
related PBW topic as the invited talk in
the title of
Structures by Proton Beam Writing for
Photonic Nanojets” at the 32" Annual
Meeting of MRS-J (5 - 7 December, 2022).
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Development of a Learning—-Based and Data-Driven

Control Mechanism for Systems Under Uncertain

Operating Conditions
FHEEFREEFE Cetinkaya Ahmet

1. Paper introduction

As a brief introduction to the research project,
first we provide the background on learning-based
approaches, then we state the motivation, purpose,
and unique points of the project.

Background: Designing control strategies for
nonlinear systems can be a challenging task,
especially when there are uncertainties present in
the system's dynamics or environment. In recent
years, deep neural network-based learning
techniques have demonstrated remarkable success
across various application domains. This success
can be attributed, in part, to novel methods that
enable the use of graphical processing units
(GPUs) for training large-scale neural networks.
Moreover, the success of deep learning has
reignited interest in learning-based control. While
there exist several types of learning-based control
methods and problem settings, most research in
this area can be divided into two categories: (1)
neural network-based control approaches and (2)
data-driven control approaches that rely on
classical control theory such as system
identification and the concept of persistency of
excitation.

Motivation: However, the existing learning-
based control methods assume that the
equilibrium to be stabilized is known, even if the

nonlinear system model is unavailable. There is a

lack of

approaches that can stabilize uncertain equilibria.

control-theoretic learning-based

Purpose and unique points: The principal
investigator (Cetinkaya) has recently proposed a
new learning-based data-driven control method
that introduces switching and delay components
to the system, enabling the replacement of signals
corresponding to "difference from equilibrium"
with signals corresponding to "difference from a
delayed state." This method has rigorous
mathematical guarantees for stabilizing uncertain
equilibria or periodic orbits of a nonlinear system.
This proposed research project was proposed with
the purpose of developing new data collection
algorithms and data-driven control. The unique
idea in this project is that switching and delay
components are intentionally introduced in
system dynamics (see Figure 1). Normally such
components may degrade the control performance,

but in this setting they help.
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2 . Research program

In the following, we explain goals and targets
of the research project and discuss the main
phases of the research project.

Goals: The main goal of this project is to
provide mathematical guarantees for stabilizing
uncertain equilibria or periodic orbits of a wide
range of nonlinear systems. In addition to this
main goal, another goal is to apply learning-based
approaches to
1) security and transportation-related problems

in game-theory and control systems

2) testing of automated driving systems

Targets: This project has two key targets:

1) to develop advanced scientific theories and
publish articles in top journals of control and
learning theory

2) to create software libraries that can be used in
practical systems such as robotic arms and
vehicle platoons where uncertain equilibria

may exist

Phases of the research project: The project had
two main phases: I) Theoretical development

phase and II) Practical development phase.

I) Theoretical development phase: The primary
investigator started the theoretical phase of this
project in his recent work that was presented in
IEEE Conference on Decision and Control
(Cetinkaya & Kishida, IEEE CDC 2021). The
theoretical development phase is to further extend
this recent work to handle a larger class of
systems. This requires stability analysis and
analysis of input-output data size requirements. In
addition, the tolerance of the proposed approach
against noise needs to be addressed. Furthermore,

making the approach more suitable to a large class

of systems, a two-layer data-driven control

scheme needs to be developed (see Figure 2).

Datelise

Teen-layer data-driven control |

Figure 2. Two-layer data-driven control

IT) Practical demonstration phase: This phase
includes demonstration of the proposed approach
in various domains such as game-theoretic
decision making in the context of vehicle platoons
and secure networked control systems, self-
balancing robots, and testing of automated driving

systems.
3. State of progress

The state of progress of the research project is
explained in two parts that correspond to
theoretical and practical development phases.

1) Analysis of data-driven approaches
(theoretical phase): The research project targeted
stabilizing unstable periodic orbits of nonlinear
systems with uncertain information. As a result,
we put forward a data-driven feedback design
approach for a Pyragas-type delayed feedback
controller. By converting the problem of
stabilizing periodic orbits into an equilibrium
stabilization problem, we were able to obtain a
feedback gain that stabilizes the periodic orbit
using a set of matrix inequalities that solely
depend on the available input and state data.
These theoretical findings were submitted in

September 2022 for possible publication to IEEE

Ny




Transactions on Automatic Control. The
manuscript received reviews, and it is currently

under revision [1].

2) Game-theoretic analysis of vehicle-platoons
(theoretical progress): One of the goals of this
project is to apply the data-driven approach to
game-theory problems. While this is a practical
goal, together with Adrianto Ravi Ibrahim and
Masako Kishida from National Institute of
Informatics, started the theoretical research as a
basis of this goal. In particular, we investigated
the platoon matching problem in terms of
complexity and efficiency. We analyzed a
noncooperative game among vehicles that decide
whether or not to form a platoon on a single road.
To determine the computational complexity of
calculating Nash equilibria in this game, we
established an overall upper bound for the length
of any best response sequence. When the vehicles
were interchangeable, we

Nash

completely
characterized the equilibrium. We
discovered that platooning games can be highly
inefficient in the worst case, with a potential zero
price of anarchy even when vehicles have
identical cost functions. Our results are published
in the proceedings of IEEE Conference on

Decision and Control [2].

3) Testing automated driving systems (practical
phase): The primary investigator noticed that
data-driven and learning-based approaches can
also be useful in the testing of automated driving
systems. To this end, together with Paolo Arcaini
from National Institute of Informatics, we
presented CRAG, a generator of road scenarios
based on combinatorial testing, which we
submitted to participate in the Cyber-physical
systems testing competition at SBFT 2023 [3].

Our objective was to create roads that an

— 100 —

autonomous driving agent would navigate outside
of the driving lane, also known as an "out-of-
bound episode." To achieve this, CRAG utilized
combinatorial testing to investigate various road
configurations, defined by lengths and curvatures
in the Frenet frame representation. The primary
concept behind this is to train the model to
generate novel and increasingly difficult road
scenarios using an initial set of random roads.
While this particular use case falls outside the
control domain, it serves as an instance of a data-

driven approach.

4) Data-driven approaches in security-related
problems (practical progress): The primary
investigator co-authored three publications that
and data-based

involved security problems

approaches in their simulation.

First, together with researchers from National
Institute of Informatics and Advanced Institute of
Science and Technology, the primary investigator
developed a spatio-temporal logic, which enabled
us to define topological properties of networks of
communicating agents. We showcased the logic's
usefulness through an example, where we
monitored a complex property that ensured
resilient consensus in a security problem. Our
results were published in the proceedings of IEEE
Conference on Decision and Control [4].

Secondly, together with researchers from
University of Seville and CentraleSupelec, we
proposed a stochastic Model Predictive Control
(MPC) scheme to handle packet losses and
external disturbances in a networked control
system simultaneously. We compared the
algorithm performance through simulations with
other MPC alternatives and a feedback control law.

ur results were published in the proceedings of



IFAC Workshop on Control Applications of
Optimization [5].

Finally, with researchers from Tokyo Institute of
Technology and the New York University, we
developed a two-player game-theoretic problem
on agent networks, in which an attacker was
capable of disabling network edges by emitting
jamming signals to divide agents into clusters.
The defender, on the other hand, recovered some
of the edges. We derived several theoretical
findings to describe the properties of the two-
player game under specific conditions of the
agents' communication network and the players'
energy parameters. Our results were published in

the European Journal of Control [6].

Publications:

[1] A. Cetinkaya, M. Kishida, "Data-Driven
Control of Nonlinear Systems with Uncertain
Periodic Orbits,", submitted to IEEE Transactions
on Automatic Control, 2023.

[2] A. R. Ibrahim, A. Cetinkaya, M. Kishida,
"Complexity and Efficiency of Nash Equilibria in
Noncooperative Simple Platoon Games", Proc.

IEEE Conference on Decison and Control, pp.

4449-4454, 2022.

[3] P. Arcaini and A. Cetinkaya, "CRAG at the
SBFT 2023 tool
systems track," in 16th IEEE/ACM International

competition-Cyber-physical

Workshop on Search-Based and Fuzz Testing,
SBFT 2023.

[4] C. Eberhart, J. Haydon, J. Dubut, A. Cetinkaya,
S. Pruekprasert, "Logic for Timed Agent Network

Topologies", Proc. IEEE Conference on Decison
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and Control, pp. 2870-2877, 2022.

[5] T. Arauz, J. M. Maestre, A. Cetinkaya, C.
Stoica Maniu, "A Tree-Based Multi-Scenario
Approach to Networked MPC under Packet
Losses and Disturbances", Proc. 18th IFAC
Workshop on  Control

Optimization, pp. 296-301, 2022.

Applications  of

[6] Y. Nugraha, A. Cetinkaya, T. Hayakawa, H.
Ishii, Q. Zhu, "Rolling horizon games of resilient
networks with non-uniform horizons", European
Journal of Control, vol. 68, article no. 100693,
2022.
4 . Future program, paper
results briefing

The primary investigator is planning to
continue this research in two main directions. The
first direction is to expand the current project to
the case where the state information is subject to
measurement noise. When measurements are
noisy the learned controller may not be
guaranteed to stabilize the system. However, it
may be possible to obtain certain probabilistic
guarantees.

Secondly, the current approach of the project
has some restrictions on the systems that can be
considered: a certain function related to system
dynamics is required to be locally invertible. To
bypass this invertibility restriction, there is a need
to develop a two-layer control system with two
controllers, one of which will be used to modify
the dynamics of the original system to obtain a
new system that bypasses invertibility restrictions
and the second one will be used for stabilizing the
new system. Self-balancing robots will be

considered as an application platform.

submission and



Research progress report (Form. 1)

Development of tools for in-depth study on the

Uncanny Val ley
S EERREEFE  Trovato Gabriele

Research col leagues
Jordi Vallverdu, UAB (Barcelona, Spain)
Lionel Obadia (University Lyon 2, France)

1. Paper introduction

One of the main problems in the
acceptance of robots is their appearance
(KRB R)

introduced by Prof

The  “Uncanny Valley
hypothesis” was
Masahito Mori. He stated, as in Figure 1,
that familiarity towards robots increase
but that

in which users have

as they are more human-Iike,
there isa “valley” ,

a negative feeling (robots are defined

exactly which types of design causes
negative feelings, and use these findings
to make guidelines for robot head design

The vision of this research is broad,
because the Uncanny Valley is a
fascinating topic that did not have a
concrete development since the 1970s

I already started developing a model
that extends that of the Uncanny Valley.
[t is
validate this model.

necessary to develop tools to

“creepy” , “scary” ).
It is still necessary to investigate
the wvalley, in order to understand
ETA
5 &
— 0

l/

Human-likeness

Figure 1: The graph of the Uncanny Valley ("R X% ® %) hypothesis, showing from left to right
the robots Roomba, NAO, Barthoc (in the valley), WKH-4 (in the valley), and a human.
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2 . Research program

The plan was formulated in 3 steps:

1. Formalisation of the mathematical
model of the curve representing the
val ley.

2. Online questionnaire that should

define the parameters of the equation of
the curve.

3. Creation of a “modular head” .
Having a robotic head would be necessary,
to validate the

mathematical model, and explore different

as it can be a tool

combinations of design

In addition to the three above points
the theoretical discussion based on the
other
projects (such as the SCOPE project “e-

ongoing research performed in
ViTA) is also critical for exploring the

field and produce new insights

3. State of progress

In this academic year (2022), the study
on the theoretical grounds was started,
data for the model was acquired (1-2),
and [ could proceed with the acquisition
of the tools (3).

Regarding the theoretical ground, a
very unique chance has happened. Through
Prof.

“research colleague” |,

Vallverdu, mentioned here as
it was possible
to reach Prof. Mori himself, the inventor
of the concept of the Uncanny Valley

(photo below, form the Japan Times).
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Research progress report (Form. 1)

Together with Prof. Vallverdu and Prof.

Abadia, we <carried out a series of
meetings in which we elaborated a |ist of
questions to be asked to Prof. Mori. Of

this list, we shortlisted 7 questions

1. Is there something in common
between the fear of God and the
fear of Al and robots? As both in the
sense of “unknown”.

2. Can the uncanny be considered
relevant for the feeling of
“sacredness” or are the two
concepts independent?

3. What do you think about the
Kannon robot held in Kyoto? Does it
have a soul?

4. Can we design robots that are
spiritual, but not directly related to
an established religion?

5. We attribute “high energy” or

“sacredness” to certain objects or

Ny




Research progress report (Form. 1)

places. What can a roboticist do to
make some robots be perceived
similarly?

6. Roboticists often use the “Wizard-
of-0z” technique, which consists in
teleoperating a robot and
pretending that it is autonomous.
What can be done next to stop
roboticists from being “illusionists”
and make robots really conscious
and autonomous?

7. The concept of “magical thinking” is
sometimes mentioned in the field of
Al. Do you think that “magic” can be

relevant in robotics?

We recently received the answer.

In a parallel activity during a
business trip to Siegen University, in
Germany, [ stopped by Rautenstrauch-
Joest-Museum Ké6ln, the anthropology
museum in Cologne, Germany

Within the exhibits, there was a

section about world mask (see images

below) . The study of these reproductions of
distortion of the human face is critical
for the revision of the mathematical
model| and for the materials to be used in
the questionnaires (points 1-2).
Regarding point 3, [ first contacted
two companies for the production of
android heads. The Japanese company
Kokoro, and a Chinese company based in
Dalian. Unfortunately, the budget
requested for the production was
exceeding my availabilities.
I bought a laptop computer and other
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tools to start the activity in my new Regarding the other points in the

laboratory. The lab is now equipped with programme, as soon as students interested
Prusa 3D printers, and has wide in this topic are available, the works on
availability of filaments. The skin the questionnaire and the finalization of
colour (as in image below) will be useful the model will proceed

to print human-Ilike robotic heads

With the new computer, I started coding
the updated mathematical model in MATLAB

4 . Future program, paper submission and

results briefing

Currently, with the colleagues from
abroad we are discussing on the answers
we received from Prof. Mori. The idea is
to write a paper as a commentary on the
top of these answers

The submission could be sent to IEEE
conferences such as Humanoids, or to the
next Robophilosophy. In alternative, if
the material is more than enough, we may

opt directly for a journal submission
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Yonago-shi father and his child mother dh Cena Tather ren dhs child moth dh il
g ? 9 All cities of the prefecture * All cities of the prefecture *
Wy
RR8R [ Age difference [ Age difference
F between couple F between couple
CP.#17

Kurayoshi-shi

X X 3 9 All towns and villages of the prefecture All towns and villages of the prefecture
)

222% Age difference Age difference
between couple between couple
CP#7

Calculate difference

Sakaiminato-shi

% 2 ?%j 2 Tottori-shi between actual statistics  Tottori-shi
EXTM g Jt 1} and synthesized statistic:
lwami-cho i E
Age difference Demographic  pyrami id by Age difference Demographic pyramid by
@ between couple  nine fami Iyt p fh sehold between couple  nine family typ of household
AN R (sin rs) CP.#17 {eingle years) C.P. #16-1
288 . .
K Yonago-shi ‘Yonago-shi
Kofucho 1 1?”‘% 1' 1 1?“‘% 1'
2 g Demographic pyramid by Toal Demographic pyramid by
JAN -r? nine family types of household ~ “Tgrerhiepremid nine family types of household ~ “ mid

Q%R (5-year groups) (5-year groups) C.P. #16-2

* :exclude cities with . . f
population of 200,000 or more Kofu-cho Kofu-cho

crimmecee e \o [ [FLE] [F ¢4

Population and Households 2% Demographic pyramid by Demographic pyramid by .
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‘0.: Vital Statistics: -year groups ar groups
Occupational and Industrial Aspects 2"

V.N.: Vital Statistics, Natality 22
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X, AEATEIOFR CHLEEICER L, ¥
Fiaamid 2 HEEZRET 5.

REEICET DB LS LT, WERTIEB]TIE,
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x 1 MEREDREDHLEI (10 B F 1Y)

Total St. dev.
Prefecture 8.2 2.6
Previous
Local
method [1] 22,673.8 18.4
government
Proposed method 161.6 10.8
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Synthesis of novel high entropy oxides and search for

their functionalities as oxygen storage materials for

oxygen generation
Hitee T8 Alicja Klimkowicz

Research col |eague

T ER

1. Paper introduction
Oxygen is essential for breathing and
combustion. Oxygen cylinders are used
underwater and in outer space to sustain
|ife and as an oxidizer for fuel. Oxygen
is also necessary for industrial
processes such as steelmaking, welding,
sterilizing, water purification, etc.
Oxygen is indispensable, but to be used,
it must be concentrated from the air or
obtained via water splitting. There are
currently two means of production. The
first large-scale method is
distillation. In this method, the air is

cooled to

cryogenic

separate air constituents

because different gases have different

boiling/ condensation points. For example,

oxygen condensates at -183 ° C, argon at

-186 ° C, and nitrogen at -196° C. Since
this method requires cooling to low
temperatures, it is costly. For economic

and practical reasons, it is only
valuable for large-scale production

An alternative group of methods relay on
selective absorption or adsorption of gas
in the material bulk or on the surface.
change

The pressure or temperature
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controls the sorption/desorption. For

example, zeolites are adsorbents, and

pressurized air is applied to force

nitrogen adsorption. Nitrogen—-depleted
air is, at the same time, oxygen-rich air.
Later, the

regenerate the adsorber, and the material

pressure is lowered to

desorbs adsorbed nitrogen. However, such
a method of

inefficient, and

concentrating oxygen s

effective oxygen
adsorbers or absorbers are needed. Oxygen
materials (OSM) that can

reversibly absorb large amounts of oxygen

storage

are attracting attention. An interesting
new group of OSM materials is high entropy
In 2014, high-entropy materials
(HEMs) were first introduced [1, 2]. The
HEMs exhibit unique properties due to

oxides.

complex chemical composition and yet
simple crystal structure. The concept of
the HEM is shown in Fig. 1.

of the elements that can be combined opens

A Large amount

the possibility of preparing vastly
different materials exhibiting various
there

are almost 20 trillion local clusters in

properties. According to Cantor,

a b—component material. The key, however,



Low entropy  High entropy

Fig. 1. Figure of merit visualizing the
difference between |ow entropy and high
entropy materials. Colors represent

different atoms.

is to design materials and determine
their properties before sintering. For
that, a better understanding of the high
entropy systems is necessary

In this work, the authors focus on high
entropy oxides that can exhibit oxygen
there

nonstoichiometric [3]. Until now,

is minimal reporting in the |literature
regarding High Entropy Oxides for oxygen
storage. The first trials are introduced

in this report.

2. Research program

The presented research focused on
obtaining new single-phase high-entropy
materials. Two series of materials were

under investigation: n(Rel/n)0,-5, n = 9-

12, Re = rare earth elements, and
1/5(CeLaPrYA)0,-5, A = Alkaline earth
metal. All cations were in equiatomic

proportions. The sol-gel method was used
The obtained

into pellets and

for precursor preparation.
powder was pressed
sintered in airflow at 1100 °C for 8 or
The X-ray diffraction (XRD)

technique was used for the structural

10 hours.

investigation of the prepared samples. A
Rietveld refinement was conducted for the
single-phase samples to calculate the

unit cell parameters. The microstructure
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of the obtained materials was evaluated
using Scanning Electron Microscope (SEM).
(EDX) was also

conducted to ensure the even distribution

Elemental analysis
of the elements within the sample and

exclude the presence of impurities.

However, the resolution of the
measurement does not allow for
quantitative calculation of the

material’s  composition. The oxygen
production and storage properties were
evaluated using a thermogravimetric
device  (TG). The effect of the
temperature and pressure on the oxygen
content in the materials was a subject of
investigation. The tests were conducted
in various temperatures and oxygen

partial pressure ranges (different
atmospheres over the sample).

The XRD (Rigaku smart lab), SEM (JEOL /
JSM-7100F), and TG (TA Instruments TGA
5500) devices used

available in techno plaza in SIT

in this work were

3. State of progress
Due to the

selected results are presented

limitation, only
in this

The presented data were gathered

space

report.
by the PI and two undergraduate students as
part of their graduation research under
PI’ s supervision:
e Ikuta Asahi Z$HJH High entropy oxides
(CeissLai/sPrissYi/sAiss)
0,5, (A Alkaline earth metals) as
potential oxygen storage materials.
H ¥ %2 % Oxygen Storage
of High

XRei/0s-5, x=9 to 12, Re: different rare

e Tago Hekima

Properties Entropy Oxides-

earth elements -
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After sintering, all samples were
examined using XRD, and the results were
analyzed using a database to index the
peaks and identify crystal symmetry. The

results are gathered in Table. 1.

Table. 1 XRD analysis results of the
prepared samples, sintered at 1000°C

Samples t [h] Space group
1/9 (YLaCePrNdSm 8 Fi-3m
EuGdTb) 0,-s 10 [a-3
1/10(YLaCePrNdSm 8 [a-3
EuGdTbDy) 0,-5 10 la-3
1/11 (YLaCePrNdSm 8 la-3
EuGdTbDyHo) 055 10 la-3
1/12 (YLaCePrNdSm 8 Fi-3m
EuGdTbDyHoEr) 0o 10 [a-3
1/5 (CeLaPrYCa) 0s- 8 Fi-3m
1/5(CeLaPrYMg) 0,-5 8 Fm-3m

1/5(CelLaPrYBa) 0,-5 8 Fi-3m Pm-3

1/5(CeLaPrYSr) 0s-s 8 Fm-3m Pbam

The data was also analyzed using Rietveld
refinement to calculate unit ©cell
parameters. The data are gathered in Tab

2. The XRD data and refinement are plotted
in Fig. 2.

Table. 2 Unit cell parameters (a V) for
1/9 (YLaCePrNdSmEuGdTb) 0,-5 1) sintered for
8h, using Fm3m; 2) sintered for 10h using
la-3; 3) 1/5(CeLaPrYMg)0,-susing Fm3m (x?

= goodness of fit)

a [A] v [A%] x’
1 5.5325(6) 169. 34 (6) 2.445
2 5.3534(1) 1295. 50 (3) 1.528
3 5.4923(1) 165. 68 (1) 3.435

All of the samples crystallized in
single-phased structures, either Fm3m
or /a-3. Fig 3. Shows visualization of
the obtained materials. In the case of
n(Rel/n)0,-5, better
obtained after

results were

sintering for ab
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o CeqyslasPrisY 5Mgys054
refienemant
—— difference curve

I Fm-3m 1000°C 8h

| T bkl L |||||—|

Y 110L81/9C€4,9Pry;gNd gSMy 5B U 6Cd g Th10)05 5
I la-3
1000°C 10h

Co gt IIIIIIIIIIIIIII U000 DNRDLEGIOL RDRRADRRY R0BRA 00 0
©  YylayeCesPrgNd, sSm;gEu, ,4Gd, s Th,6)0; 5

I Fm-3m
1000°C 8h

intensity [a.u.] .

20 40 60 80 100

20 [deq.]
1 Fig. 2. XRD data with Rietveld
refinement of selected samples,
sintered at 1000°C in air.
extended period of time (10 hours

instead of the usual 8 hours). The
microstructure of all studied samples
is similar, and therefore other
results can be compared. Exemplary
morphology for the studied samples is
Further, the

elemental distribution was even, and

shown in Fig. 3.
no impurities were found, as can be
seen in Fig. 4. The analysis of the
thermogravimetric data showed that
HEO materials exhibit little change

in the oxygen content under the

1 aaZpetianios

b —

«~W"

studied conditions.

2Fig.3 Visualizations of the a) la-3,
b) Fm-3m Atoms not to scale

TOPAR 5



1/9(YLaCePrNdSmEuGdTb)O, ; 10h

CelaPrYSrO, s 8h

Fig. 3. SEM images of studied samples

Fig. 4. Elemental analysis  for
1/9 (YLaCePrNdSmEuGdTb) 0,-5

(YLaCePrNdSmEuGdTb), 40, 4 1000°C 10h
101

5°C/min heating in Ar

- = 5°C/min Cooling in Ar
— 5°C/min heating in O,
100 -+ ++ 1°C/min Cooling in O,

0 200 400 600 800
Temperature [°C]
Fig. 5. Temperature dependence of the

oxygen content registered for
1/9 (YLaCePrNdSmEuGdTb) 05-5.

During the course of this project,
several new compounds were obtained
and tested for the first time. The
outcomes are very interesting, hovwer
form the viewpoint of the oxygen
storage, the obtained capacity isnt
high enough to make it possible for
commercial application.
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4. Future program, paper submission and
results briefing

Some of the obtained results were
presented during the following
conferences:

- XXX International Materials Research
Congress, in Gancun in August 14 - 19,
2022. The oral presentation was entitled
“Rare—-earth manganese oxides used for
Temperature and/or Pressure Swing
Absorption for oxygen generation” by A.
Klimkowicz, et al.

- Solid State Ionics SSI-23 on July 17 -
22, 2022 in Boston, poster presentation
entitled “Novel high entropy oxides for
oxygen storage and generation”, A.
Klimkowicz, et al.

International Symposium on Thermofluids
of Energy Systems and Materials (ISTESM
2022) - Series IIl - 16 November 2022.
Keynote presentation entitled “Oxygen

storage materials - OSM” A. Klimkowicz

The research on HEO will be
continued. However Ilow—capacity problem
needs to be overcome. Therefore, the
focus will be placed on the use of
transition metals, that can possibly
deliver higher capacity. If the results
are proven to be satisfactory, they will
be published in an impact factor journal,

possibly in an open—-access mode.
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Table 1 DSP-n @ FH%

TBP DBP n-dodecane
[vol.%] [vol.%] [vol.%]
DSP-0 30 0 70
DSP-10 27 3 70
DSP-30 21 9 70
DSP-100 0 30 70

(4) [Hbet][TF,NIIZ kB ZrP-n M5 D Zr [E UK ER
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O Zr [N EKER 5 % Table 2 12777,

Table 2 Zr [B] 3 355 5 Bk SR 1

Target elements Zr(1V)
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Volume ratio 1:1

Temperature [K] 298
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Table 1 &V 2 PN DEE-ESIRIEDOE L

Relative percentage (%)
Binding Peak position (eV) | C_MOF_100 | C_MOF_90 | C_MOF_80
Pyridinic-N 398.4-398.6 28.5 12.7 8.6
Fe-N around 399.3 4.5 18.0 21.0
Pyrrolic-N 400.1-400.3 1.5 213 17.3
Graphinic-N 401.1-401.5 55.2 38.5 50.3
Oxide-N 403.3-403.7 10.3 9.4 2.8
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Leveraging human factors and video content for high

QoE performance reinforcement learning—-based adaptive

bitrate selection
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1. Paper introduction

Online video has increasingly become
the most dominant applications on the
Internet. According to recent study and
Internet video traffic

forecast, global

will grow threefold between 2016 and 2021.

Since small degradation in the perceived
video quality can significantly influence
the acceptance of service, video
streaming services have high requirements
on quality of experience (QoE). In order
to increase the revenue, it is necessary
for video service providers to mark QoE
enhancement as high priority. Recently
adaptive bitrate (ABR) streaming has been
adopted to

experiences to the users. The core of this

widely provide smooth
technology is bitrate adaption algorithm
which adapts bitrate selection to network
condition. Nevertheless, the presence of
3D videos, 360 videos and the rapidly
growing number of subscribers and high-
devices, cause the

resolution mobile

bandwidth starvation and unstable network

condition, putting more challenges on
performing rate adaption. In such
situation, the development of
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reinforcement learning (RL) provides a
new efficient and feasible solution for
general

rate adaption algorithm. In

reinforcement algorithm, the
state from the

environment and triggers the appropriate

learning
agent observers the
action. The environment then changes to
the next state and provides corresponding
reward to the agent for optimizing the
In RL-based ABR

approaches, the main purpose is to decide

next action decision.

the appropriate bitrate (as the action)
to maximize the perceived video quality,
(as the

only by accurately defining

in other words, QoE reward) .
Typically,
input state and reward function can the
well-trained agent by reinforcement
learning take advantage in selecting the
bitrate for the

subjective QoE.

improvement of
the state-of-

the-art RL-based ABR frameworks commonly

optimal

However,

leverage system—-based information (or

technical factors) to characterize the

input state and reward function, while
completely ignoring the human factors.

Therefore, in this study, we aim to

integrate human factors, for examples,



human memory, human interactions, into

novel RL-based ABR.

2 . Research program
There two main parts will be taken into
account in our proposed RL-based ABR:
learning process and input state of the
agent.

In learning process, QoE model plays a
crucial role as the prototype of reward
function. The existing studies often
establish this model based on technical
factors bitrate

(e. g., switching, QoS

parameters, initial delay, stalling, etc).

The retrospective QoE, however, is also

significantly influenced by the memory
effect and degree of interest. In human
memory, the primacy and recency effects
determine the memory influence of
impairments occurring at the beginning
and the end of

respectively. Besides, the memory impact

streaming session
of impairments can be represented by an

exponential deterioration of memory

retention in time (defined by forgetting
curve) for infrequent events or by
repetition for the repeated impairments

Degree of interest (Dol), on the other

hand, stands for the human
interestingness of the video pre-rated by
other users. Psychologically, if the
video is interesting, the user is willing
to accept some impairments without

degrading the perceived video quality

The input state of the agent simply

includes of the previous selected bitrate

previous network bandwidth and the
current buffer occupancy which are
technical factors. However, these
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reflect the

dynamic characteristic of the streaming

parameters insufficiently

environment. Human behavior and video
interestingness, on the other hand
reflect the user reactions during

streaming session, potentially providing
another aspect of a dynamic environment.
behaviors such as skip,

Human pause,

forward, backward, and mouse activities
are the user interactions to video player
during a streaming session. In hypothesis
when either a user focuses on the video
or the video content is interesting or
the video quality is guaranteed, none of
such interactions will occur. Meanwhile

video

interestingness represents the

individual wuser interest on specific
video content type. Not all of segments

of video draw the same attention from the

user. In fact, a user will be attracted
by some parts of video (e.g., dancing
scene, street fighting scene) that match
with his/her interest. By considering
this factor, more intelligent bitrate
selection will be performed.

As the consequence, there is high

possibility of failure of the trained
agent in maximizing QoE reward in actual
applications, resulting in the
deterioration of subjective QoE. In order
to mitigate this problem, it is necessary
to additionally integrate human factors
into the

function and streaming environment for

characterization of reward

maximizing QoE in video streaming

Therefore, in this study, we
factors into  both
streaming environment and reward function

in RL-based ABR

services.

integrate  human

framework. More



concretely, we focus on answering the
following questions:

e How can the appropriate dataset for
training both the QoE model and the
reinforcement
established?

e What are the contributions of human
factors to the QoE model and the

dynamic of streaming environment?

learning agent be

e How to integrate both enhanced QoE
mode| and streaming environment into
final RL-based ABR framework?

By successful ly answering these

proposed RL-based ABR

potentially outperforms the state-of-the-

questions, the

art methods in terms of QoE performance

3. State of progress

In the first research phase, we attempt

to study the available public datasets

before bringing them into our main
targeted research. Accordingly, the
following datasets were careful ly

investigated:

e LFOVIA Video QoE database. It
of 36 distorted
sequences of 120 seconds duration

divided into

different train-test sets

consists video
The databases are
In each
train-test sets, there is only one
video in the testing set, whereas
the training set includes the
videos that do not have the same
content and playout pattern as the

test video.

e LIVE Netflix Video QoE Database.
There are 112 train-test sets cor-

responding to each of the videos in
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this database.
set, the training set consists of
of 112

videos in the database (excludes 14

In each train-test

91 videos out of a total

with the same playout pattern and

7 with the same content)

In the second research phase, we work on
investigation of human factors to QoE
model. This time a new direction which is
a little
proposal is focused, that is to say, human
field of view (FoV). This human factor is

very important in omnidirectional videos

bit different from original

since it allow us to predict where user
is going to look at in a head screen.
RL-ABR model when applied to

omnidirectional video can provide higher

Therefore,

bitrate for FoV regions while adopt |ower
bitrate for

result, not only high video QoE is ensured,

non-FoV regions. As the

but also the required bandwidth is saved
In this study,
predict FoV in

we proposed a method to
omnidirectional video

based on text information taken from
subtitle. The

information of subtitle support better

video navigation
performance of FoV prediction. This open

a new “research door” for RL-based ABR

4 . Future program, paper
results briefing
The investigation of appropriate datasets

was started before the submission of

grant |inked Kakenhi FY2020. As the
result, a journal paper with title:
“Convolutional Neural Networks for

Video

successful ly

Continuous QoE Prediction in
Streaming Services “was

published in TEEE Access

submission and



Meanwhile, we are currently working on
the study of FoV prediction in
omnidirectional videos. The experiments
are being conducted and the paper will be
written down and submitted to a journal

soon.
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Magnetic Field

Strong point
® Open sensitivity area

® Portability due to the compact size of
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® Stronger magnetic field than
permanent magnets

® High spatial resolution due to strong
static magnetic field gradient

Fig. 1 single-sided magnetic pole using HTS bulk
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Figure 1 Flow of cell contour trimming by

labeling
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Figure 2 Phase contrast images of each

phenotype
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Figure 4

Immunofluorescent staining
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Fig.1 Pure magnesium test material
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(\“N

Mass loss= (W, —W)/5 (1)
ZIZT, WFEB A OWIIE &, W IXIR{EE
DEE, SIHERMORBRFOXRTHETH 5.
(5) fHBHE

N A 36 X OWIR UG 71 & 8 5 L 7= 3Bk
Fo PR S A S & L7t R ERAK
BEE WL OBIE 21T - 72,

Table 1 Annealing conditions for pure
magnes ium.

Annealing 0 :
time[h]
Without
Temperature[K] annealing 473 | 513 | 573 | 613 | 673
proces

Table 2 Tension-Compression cyclic stress
conditions.

Stress ratio -1

Environment atmosphere

Frequency[Hz] 20

Number of times 2x10°

Tensile 20

stress[MPa]

Compressive 20

stress[MPa]
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Fig.2 Mass loss of pure magnesium with
cyclic stress and unprocessed after 24[h]
immersion test.

a)No heat, Strain0% C , Strain0%
(a)No h Strain0% 673K, Strain0%

(b)No heat, Cyclic stress

(d)673K, Cyclic stress

Fig.3 Observation of pure magnesium.
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Table 3 Experimental conditions on flow
area.

Solvent solution 0.9(mass%) NaCl
solution

Temperature [°C] 37

Fluid volume [mL] 1000

Viscosity [mPa - s] 2.9

Flow velocity [m/s] 1.32

Time [h] 1.0
Model(b)

o= =

Fig;5'0b§éfvaEion areérof each stent
models.
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_‘._
i

' Inlet(CFD)

T

@ Inlet(Exp.) | a

—
A2/

Outlet(CFD)

{
N

(2) Outlet(Exp.)

=
\&/

Fig.6 CFD analysié results and corroded
surface of Model (a) and Model (b).
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ABSTRACT

While artificial cultivation is gaining prominence due to rapid climate change, lighting costs remain challenging.
Therefore, research is needed to cultivate plants more efficiently. At the same time, it has been found that a mixture of
far-red light (FR) and red light (R) also promotes growth through the action of phytochrome, a photoreceptor in the plant
body. However, these studies require time and damage of the plant to measure the dry mass and area of leaves, and
immediate effects have not been investigated so far. Therefore, in this study, we propose laser biospeckle method to
evaluate the relationship between plant growth duration and FR response. Laser biospeckles are formed by light scattered
from organelles in plant tissues by laser irradiation. The intensity of these speckles changes with time, and by examining
these changes, the activity inside the plant can be evaluated. Biospeckles of arugula leaves were obtained by irradiating
the leaves with laser light of wavelength 852 nm and simultaneously with LED light of wavelength 735 nm (FR) and 630
nm (R). Biospeckle movies under FR and non-irradiation were recorded by a CMOS camera at 15 frames/sec for 20
seconds. From the movie, the correlation between the first frame and the subsequent frames was calculated. Experimental
results showed that arugula at 1-month after seed planting showed an immediate FR response, while those at 3-month
showed a sustained response. The relationship between biospeckle movement and plant growth behaviour is under

investigation.

Keywords: Laser biospeckle, plant grow, photoreceptor, far red

1 INTRODUCTION

Environmental stress such as global warming, increased CO», drought, and acid rain are known to have a significant
impact on plant growth !, With such climate change on the rise, sustainable agriculture is expected to become difficult
in terms of plant resources and food security, which is a major problem)®!, In addition, the problem of the food supply
is expected to accelerate further as the land available to grow plants safely is decreasing due to declining water supply,
population growth, and climate change[”!.

Vertical farms (plant factories), in which plants are grown in high-rise buildings with complete control of the surrounding

environment, including light, temperature, and water, have attracted attention for their ability to significantly increase
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plant productivity!'%!?l, However, the cost of maintaining the environment is enormous, especially the cost related to
lighting, which is one of the issues that must be solved in order to popularize vertical farms!!31114],

Currently, research is being conducted on fertilizers, improved lighting, and genetic improvement for efficient plant
growth!'>171. Among these, research on irradiating plants with far-red light (FR) to improve growth efficiency through
the action of photoreceptors has recently attracted much attention['3-2"), However, it has been reported that the effect is
higher when FR and red light are mixed than when FR alone is used due to the Emerson reaction!?!l. For example, Jin et
al. reported that the addition of FR light to red and blue LEDs used in lettuce cultivation increased dry leaf weight and
leaf areal??]. Kalaitzoglou et al. reported that when FR treatments were added during tomato cultivation, mixing FR/R at
a rate greater than natural light had a negative effect on growth at a young age[®*.

Since these experiments were conducted with both red and blue light, the effects of irradiating FR alone could not be
verified, and since FR was irradiated while the plants were growing, immediate responses could not be observed.
Furthermore, growth evaluation is based on the measurement of plant growth in terms of grass height, leaf size, and
weight of cut and dried leaves, but it is difficult to observe plants in a living state, and it takes a very long time until they
grow to a size that can be measured*,

In contrast, laser biospeckle method is a technology that enables nondestructive and non-contact evaluation of the
structure of a biological objects™12%], In the agricultural field, it has been used to evaluate the quality of fruits and
vegetables?’-?], but few studies have focused on the plant growth evaluation and environment%l. In fact, Hirai et al.
demonstrated that the response of plants to different sound frequencies could be rapidly evaluated by laser biospeckle!3!],
indicating the potential of laser biospeckles in plant monitoring studies.

In this study, we propose the use of laser biospeckle method to evaluate the effects of far-red light on arugula plants and
investigate the applicability of laser speckles and also the effects of FR on the age of the plants.

2 EXPERIMENTAL
Plant samples

Arugula was used as the sample®!*3], They were all grown in a custom-made growth chamber with a temperature and
humidity controller (APISTE, PAU-300S) at a temperature of 23 °C, a humidity of 40 % , and a photon density (PFD)
54-105 pmol/m?s (fluorescent light (SMILE, XFX2-20W) and plant light (HUJIKURA, KY-08W-SC)) at an intensity of
12 hours/day 4. Figure 1 shows a picture of the growing chamber. Fertilizers OAT Agrio Co. Ltd., OAT house No.1
and No.2 were used as the nutrients3'132], The mixing ratio was 1.5 g of fertilizer (OAT house No.1) and 1.0 g of fertilizer
(OAT house No. 2) dissolved in approximately 20 L of water and further diluted with water to achieve an electrical
conductivity of 1.0 ds/m, as measured by a water quality meter (FUSO Co., Ltd., Model-7200).
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Figure 1. A custom-made growth chamber (left) with the temperature and humidity controller (right).

Arugula was grown from seed according to the following procedure®!I32]: First, seeds stored in a refrigerator were
soaked in oxindole for 10 minutes to disinfect them, then rinsed and washed twice with water. Then, a cutter was used
to make a cross-shaped cut on the top surface of a hydroponic rockwool (W30 X D30 X H40), and three disinfected
seeds were buried in the cut, spaced enough apart. The rockwool was placed in a plastic cup (100 ml) with a hole
punched in the bottom, thoroughly wetted with ultrapure water, and placed in a tray in the growing chamber. In our
experiments, we used plants that were 1-month and 3-month old after planting3.

Experimental system

Figure 2 shows a schematic diagram of the experimental system. Two types of LEDs one Red (ASTER, BT-9C-R,
wavelength: 630 nm, 186 pmol/m?s) and the other far-red (ASTER, BT-9C-FR, wavelength: 735 nm, 141 umol/m?s) were
used for plant stimulation 1. In order to detect speckles, a laser beam (THORAB, USA, CPS850S, wavelength: 852.0
nm) illuminated a leaf of the plant in vivo, and the biospeckles originating as a result of the interference of the scattered
light were acquired by a CMOS camera (THORLAB, USA, DCC1545M-GL, pixels: 1024 x 1280) BUB2I, In this case,
the distance between the sample and the laser was 150 mm, and the distance between the sample and the CMOS camera
was 150 mm 2. A sharp-cut filter (FUJIFILM, Japan, IR82, cutoff wavelength: 820 nm or less) was placed between the
CMOS camera and the plant sample to block the red and far red lights illuminating the plant and to collect only the laser
light used. Moreover, the entire experimental system was placed in a dark box to block unwanted lights other than the
laser light.
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Figure 2. A schematic of the experimental system with parts indicated as 1.LD (852 nm); 2.Sample; 3.CMOS camera;
4.LED (630 nm); 5. LED (735 nm);6.Sharp-cut filter (820 nm cut-off); 7. Ambient light blocking enclosure.

FR exposure protocol

Figure 3 shows the protocol used in the study. First, before the start of the experiments, arugula plants were placed in a
sound free, dark environment for 10 minutes to eliminate the effects of ambient noise and light stimuli such as lighting
on the leaves®?l. The plant was then placed in the experimental system with leaf lightly hold by a custom-made holder
apparatus. Biospeckles were captured at a frame rate of 15 fps first, before illuminating FR, for a period of 1 minute
followed by illuminating FR and Red irradiation for 2 minutes, and finally again for a period of 1 minute under the
absence of FR cum Red lights. Although the video was acquired for a minure, only the initial portion of 0-20 s for the pre
FR+R and post FR+R were used for the analysis P2, Two different growth stages, namely 1-month and 3-month were
used in measurements with eight plants replicates for each. Each of the plant sample was measured once. Photographs of

the samples are shown in Figure 4. For comparison, dead leaves that had fallen off the plant were also used in the

‘FR

measurement.

Figure 3. A schematic of the protocol used in the experiment with the plant being kept in a dark sound free environment for
10 min before the start of the experiment followed by 1 min recording of biospeckles followed by FR illumination of 2 min

and again recording of biospeckles after illumination for a period of 1min.
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Figure 4. Plant samples used in the experiment with a dead leaf(left), 1-month old plant (middle) and a 3-month old plant
(right).

3 BIOSPECKLE ANALYSIS

Laser biospeckle and evaluation

When a laser beam is irradiated onto a rough surface object, scattered light generated on the surface interferes to form an
irregular pattern of light and dark patches at the observation surface or the camera surface called a speckle pattern.
Similarly, when a laser beam is irradiated onto a plant leaf, a speckle pattern is formed by scattered light from the leaf's
surface and internal organelles. Since the speckle pattern is caused by biological tissue, it is called biospeckle*®!. The
intensity of the biospeckle changes randomly according to the movement of organelles within the biological tissue. By
investigating the dynamic changes of the biospeckles, we can learn about the activities within the biological tissue*”.
Figure 5 shows a typical biospeckle speckle image taken from the leaf of a 3-month old plant.

Figure 5. A typical speckle pattern obtained from a leaf of a 3-month old plant.

o (ToP~R 3 |




Cross correlation Analysis

To analyze the biospeckle images, correlation coefficient between biospeckles frames of the recorded movie was
calculated. Specifically, correlation was calculated between the first and the subsequent frames as given by the equation
(Eq.1) where r being the correlation coefficient, 4 being the reference first frame, and B being the second and subsequent
frames. The integers m and n specify the pixel number in the frame, and Amn and Bmn denote the luminance values at that
location 3121, Correlation analysis calculations were done by Matlab (version 2020). In this study, a quantity, Biospeckle
Activity (BA) given by Eq. (2) defined as the correlation coefficient deducted from unity was evaluated and used as a
measure to investigate the effect of FR radiation and the age of the plant. For a stationary object, because correlation is
one at all times, BA becomes zero. On the other hand, when r is smaller than one and B4 becomes larger than 0 and this
indicates sustained correlated activity within the sample. When correlation r becomes zero, B4 becomes closer to one.

Such a case indicates the absence of any correlated activity.

SN 4, - B, - B)

1

Iz

1 (1)

BA=1-r ®

4 RESULTS AND DISCUSSION

Results of Biospeckle imaging

Figure 6 shows B4 for two different aged plants with left obtained 1-month after planting and the right one obtained 3-
month after planting under the absence and presence of FR. The vertical axis of the graph represents the value of B4 and
the horizontal axis represents time. As can be seen, depending on the age of the plant the sustained correlation is largely
different. 3-month old plant shows sustained correlation for both under no FR and FR conditions. On the other hand,
the 1-month sample shows steeper increase of B4 and much larger fluctuations in comparison to the 3-month old. There
are two possible reasons for this with one being they were small and the other difficulty in holding the lead and they were
not fixed to any holder to avoid damage. Within small observation times, the leaf itself moved resulting in a large signal

variance. In order to minimize the variations, the whole system was kept in an enclosure.
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Figure 6. BA as a function of time in sec under no FR and after a 2min exposure to FR for 1-month old (left) and 3-month

old (right) after planting.

In order to minimize the variations, average of BA across 8 samples under each of the conditions was calculated and
shown in Figure.7. As can be seen from Fig.7, there is a clear difference between the 3-month old and 1-month old plants.
While for the 1-month old, the variation of B4 near zero is steep compared to that for the 3-month old. For the 3-month
old, the variation is more monotonous indicating the presence of sustained correlations. This is true irrespective of the
presence or the absence of FR. Further comparison with the dead leaf revealed that the correlation for dead lead was not
flat, i.e., not zero but has a finite B4 value. This suggests the presence of some sustained correlation in the activity of the

plant despite being cut off from the original plant indicating some life processes still going on.
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Figure 7. Average BA as a function of time in sec under no FR and after a 2min exposure to FR for 1-month old and 3-

month old after planting.

Here different colors indicate different conditions. For reference B4 measured with a dead leaf is also shown. Here,
note that the dead leaf has some significant correlation and is not zero as expected. Moreover, 1-month old leaf because
of the difficulty in holding, the calculated BA4 has large variance and is largely varying under FR indicating possible
heat-related effects from FR illumination by young plants.
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Figure 8. A bar plot showing the value of B4 under different conditions obtained at 1 sec (left) and at 4 sec (right) for 1-
month old and 3-month (right) old plants under the presence and absence of FR.

In order to quantify the slope of the variations, difference in B4 values at two different time points namely 1 sec and 4
sec were considered, one rapid response and the other just before reaching plateau for different ages and also different
illumination conditions of FR. For BA at 1 sec shown on left of Fig.10, except for FR illumination the BA values are
almost the same. At 4 sec shown on right in Fig.10, the point of reaching plateau, there are differences depending on the
age as well as the illumination conditions. For both 1-month and 3-month old plants, the value of B4 at 4 sec under the
absence of FR was lower than that of under FR. This indicates that FR has the effect of slowing down the activity of
the plants. Further, 1-month has smaller B4 in comparison to 3-month old plants.

5. CONCLUSION

In this study, we proposed to our knowledge for the first time the usage of laser biospeckle to investigate the transient
/the immediate response of the plants to FR. As plants arugula were used and two different age groups were compared,
namely 1-month after planting and 3-month after planting. From the recorded movies of the biospeckles, cross-
correlation between the initial frame and the rest of the frames was evaluated under the condition of presence and

absence of FR as well as age. The results revealed the following points:

(1) Correlation largely differed between the ages, with 1-month having a sharp transient response while the 3-month
old showed a rather monotonous response indicating the presence of correlated activity in the latter. Comparing the

correlation at an earlier time point and a later time point indicated a clear difference.

(2) Apart from the age the presence of FR largely influences the response of the plants, with them being active in

response to FR immediately after FR irradiation as compared to non-FR.

Currently, we are investigating the long-term behavior plants by laser biospeckles under FR to investigate the effects in
real time and within a short time in a non-destructive and non-contact way as compared to the existing techniques of

measuring biomass or measuring physics parameters such as leaf area.
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Cavl.2 & Cavl3 23592 Z & 2 FHATNZ A
HLTWD, £ZC, L& Ca¥F ¥ R /VLE
Al : Verapamil % F > CHIRRERHIAIN O Ca?*
MADRIH ENTNDZ L 2HAL, X
Y K IZXD=a—uv bRl &b 0
ERRE LT,

QE# IV K CRL2RHFEIINF I VBER
BEEN L= —u oo {bE
N7 AT b= LTI D RETRL S
NE I VEEZAEMR (mGluR) BAE X KT
Lb=ma—vrpfbiclE+T252 0o
STz, B 7 L& 2 U RARIE 8 fiE
(mGluR1~8) fFfEL, 3 2D 7 L—7 (Gl
~3) IZHhEINnD, TR YT R— A
fEAT ClX, 7 FE¥H O mGluR MENLICEE) L 72

& 7 —7OMREHR (Gl FLEA: PHCCC,

G2 BHE Al : APICA., G3 BHZEAI : CPPG) % fif
AL, £O mGluR Z L —7 0" E - & b hft
SICHET o0 EFMET 5, £, 4T
57 N—7I12&EN D mGluR ([Z%7 5 FHE
FlEHNDZ&ET, bo&bEELR mGluR
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— 233 —

3. FEOETRKR
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M llz=a—nm o
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L2, LA Ca¥F v 3 /L & Fr RAYIC L FHE T
% Verapamil O FLEFNRZRET L7201,
MR N~D Ca2 i AR A WE LT, = ORE R,
MK-4 ALEL L 72/l BT, MmN ~o
Ca?* it A&7 L5 L. Verapamil Z ALEE 3 25 Z
& T Ca2MAEDK 100 % HES N, &
5T, MK-4 28 LA Ca?>*F ¥ X VR &L |
ATt 572010, BMICEIT S L
Al Ca2*F v %/ (Cavl.2, Cavl.3) ® mRNA
Bl E % real-time PCR 52 W TEE L 7=,
ZOFEF MK-4 Z JLEL L 7= #i i Tl Cavi.2
BXO Cavli.3 £ HIZ mRNA BB =2 LA L
72 72, MK-4 35 X O Verapamil z LB L 7=
M Tld, mRNA BB &R TR O b
MNolz, WIZ, MK-4 (2L 2% ==a2—n ik
BEEEEFTMT 5720, =2 —n VR
HIZHEBLT 2 Map2 OHLIE %2 H v Tt ot i %
Yetr 2479 £ & BT, Map2 ® mRNA ¥ 8 &
TER LT, ZORF . MK-4 LB K- T,
= a—nr o fbEEEIEMED EF L. Verapamil
EUHET 52 L CT= o —u U ofbis EiE
BKI20% WA LTc, £/o, b =2 —n
VR R BLT D Gap43, NeuroD, Nf200,
Ngnl, Mashl, Tujl ® mRNA FEL& % JE L
2o T DOFER . Gap43, Mashl, Tujl TIX Map?2
ERIERDFER NS B T=, NeuroD Tl MK-4
LB L7 MRICB W THERBHED L5
N biviz, L2rL., Nf200 TiL, mRNA
HEBEOZITRD LT, Ngnl TliE, MK-4
MELIZ X 5> T mRNA BEEOK FRED H
iz,

kX, 42 KWLM CaF v x
NOFRBLEE EH S MEN~O Ca¥ it A
wmr PRI LT —m 001k
HEHELTWVWDH I ERHLMNTR- T,
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A YT h—LE AN 2 —
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EE#HLTBY, FIZI7VE I VBT ER
(mGluR) DR BEENEEIC EH L T\,
% Z T, Real-time PCR T Rk DFE R 20315 S
D MNHRD =T, real-time PCR % W T
mGIluRl OFBLEZWE LT, £ D5 R MK-4
MLERIZ X > T mGluR1 ® mRNA JEH &)Y 5 5
PLEERLCTW, % Z T, mGluR Group 1, 2,
3EEAEHNT MK-4 Ik b=a—1 %
L35 SRS I %32 mGluR OB 5 ML
2o ZOkES . mGIluR Group 1 FHZEAl % LB
L7ZMEICEB W T MK-4 128D =a—n8a gy
ICFHEBIEEOWO BB SN, 72, N7
YA YT = LIS mGluR2 D3 BLE
Nigkb EHLTWDZ L2 H L, mGluR
Groupl {ZJ& 75 mGIuR1, 5 35 X U mGIuR2 #¥F
B EAZH T MKA4 LD =a—n
VOALEE BRI T o R B A L, £
DOfEF . mGluR1 PHF A2 AL L 72 MLz 3
WT MK-4 128D ==a—nv U ifbifBisto
BB BT,

ZOZ NS, MK-4 X mGluR 2/ L T=
a— B ~OLEFHET H T ERHTITR
X, £OH TH mGluRl OB 5235 < 7R
e X,
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