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Remarks from UKC 2023 Chair

Yongho Sohn Ph.D.

UKC 2023 Chair & President
of KSEA (Korean-American
Scientist and Engineers
Association)

UCF Pegasus Professor &
Lockheed Martin Professor of
Engineering

Department of Materials
Science and Engineering
University of Central Florida

Welcome to the 36™ US-Korea Conference on Science, Technology, and Entrepreneurship
(UKC 2023), jointly organized by the Korean-American Scientists and Engineers
Association (KSEA), the Korean Federation of Science and Technology Societies (KOFST)
and the Korea-US Science Cooperation Center (KUSCO) / National Research Foundation
(NRF). As the Conference Chair, | am thrilled to host this extraordinary event where
visionaries, innovators, and leaders from the United States and Korea gather to foster
collaboration, exchange knowledge, and shape the future of our interconnected worlds.
We embark on a journey that celebrates the spirit of collaboration, pushing the boundaries
of knowledge and unleashing the power of innovation to create a transformative impact
on our world.

Over the years, UKC has evolved into an iconic platform that celebrates the synergistic
relationship between the United States and Korea, two nations renowned for their scientific
advancements, technological breakthroughs, and entrepreneurial spirit. In Dallas, Texas,
we gather to “discover, innovate, and disseminate for transformative impact" by converging
brilliance and expertise of all invited and contributing participants who are at the forefront
of scientific breakthroughs, technological advancements, entrepreneurial endeavors, and
policy innovations. UKC 2023 offers unparalleled, cross-disciplinary platform of science,
technology and entrepreneurship for participants to actively engage in various plenary
sessions, keynote symposia, technical symposia, professional development workshops,
and focused forums offered by conference sponsors and organizers.

The spirit of discovery drives our progress and plays pivotal role of the relentless pursuit
of knowledge, the exploration of uncharted territories, and the curiosity that fuels our
souls that cornerstones advancements. At the heart of our endeavors lies engineering
and technological innovation that fuse creativity, expertise, and the courage to challenge
conventions by driving transformative change that solve complex problems for the
benefit of our lives. Dissemination by effective communication, collaboration, and the
sharing of knowledge accelerates and amplifies our impact, while inspiring others to join
our mission. Together, we will explore new frontiers, forge meaningful partnerships, and
shape a future that is both prosperous and sustainable.

| extend my sincere gratitude to our co-organizers, sponsors, the organizing team
members, and volunteers for their tireless efforts in making this conference a resounding
success. Your unwavering support has enabled us to curate a program that promises to
fulfill the vision and mission of UKC 2023.

| invite you to immerse yourself in the vibrant atmosphere of UKC 2023. Engage
in stimulating conversations, form lasting connections, and embrace the spirit of
collaboration that lies at the heart of this conference. Let us harness the power of
discovery, innovation, and dissemination to create a transformative impact that will
shape our world for generations to come.

Welcome to UKC 2023!

Yongho Sohn
UKC 2023 Chair and President of KSEA
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Remarks from UKC 2023 Co-Chair

It is truly an honor and pleasure to welcome all the scientists and engineers from home and
=~ B abroad, who are joining us at the US-Korea Conference 2023 on Science, Technology, and
' Entrepreneurship (UKC-2023), bringing with them a passion as intense as the scorching
summer in Texas.

As we commemorate the 70" anniversary of the ROK-U.S. alliance and the 120" anniversary of
Korean immigration to the United States this year, | find it deeply meaningful that we are here
to host the 36" UKC in Texas, which is emerging as a new hub for Korea-U.S. technological
alliance. In order to survive in the accelerating race for technological hegemony, the world is
putting forth every effort to secure competitiveness in science and technology. Consequently,
the collaboration through international cooperation in science and technology has become
more important than ever. Technology cooperation is being bolstered by technology alliance,

Tai Sik Lee and cooperative competition is taking place alongside technology competition.

UKC 2023 Co-Chair & Now, Korea and the U.S. are moving beyond a security alliance towards an advanced
President of KOFST technology alliance. In line with this, | hope that Korean-American scientists and engineers
(Korean Federation of can serve as a bridge of innovation which connects the two countries, and that the UKC will be
Science and Technology further upgraded as a platform for joint research and collaboration in science and technology.
Societies) The theme for this year's UKC is "Discovery, Innovation and Dissemination for Transformative

Impact'. | believe that the theme holds profound importance to the Korean economy, which
is grappling with challenges after a phase of prosperity driven by the fast-follower model.
Indeed, the essence and mission of science and technology is to spread innovation to the
entire society through constant exploration and discovery. Nevertheless, we find ourselves in
the midst of crisis as we turn away from challenges and innovation in a social atmosphere
that feeds a fear of failure. Strangely enough, the science and technology community, which is
unwilling to embrace uncertainty and risk, boasts an astonishing 100% success rate in national
research and development.

However, a research that is predestined for success offers little promise for the future. We must boldly transition to become
first movers who fearlessly venture into uncharted territories, utilizing numerous failures as stepping stones. The global
triumph of K-pop and K-contents, exemplified by BTS and Squid Game, provides a clear indication of the path that K-science
should strive towards.

I, myself, have dedicated significant time and effort to space construction, an area that initially garnered interest only from
NASA. During my tenure as the President of the Korea Institute of Civil Engineering and Building Technology, we achieved a
significant milestone by creating the largest lunar exploration technology and equipment test chamber (dusty thermal vacuum
chamber), which was yet to be developed by NASA. It is worth noting that, only recently, other space power countries have
commenced their research efforts in space construction. On the other hand, we have produced world-class research outcomes
in this field as we took on the challenge as a first mover.

| hope that this year's UKC serves as a valuable opportunity for scientists and engineers to reflect on their mission, which is to
fearlessly pioneer new territories, undaunted by the prospect of failure.

Lastly, | would like to express my deepest gratitude to the dedicated staff of the Korean-American Scientists and Engineers
Association (KSEA), including President Yongho Sohn, for their tireless efforts in organizing this remarkable event. | hope that
this conference will provide a meaningful venue to engage in intense discussions and share insightful ideas. Once again, |
would like to extend a warm welcome to all of you who are with us today, and wish you all the best in your future endeavors.

Thank you.

Tai Sik Lee
President of the Korean Federation of Science and Technology Societies
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Remarks from KUSCO/NRF President

Kwang Bok Lee

President of Korea-U.S. Science
Cooperation Center

President of National Research
Foundation of Korea

Dear Esteemed Guests, Ladies and Gentlemen,

It is my great honor to welcome you to the US-Korea Conference 2023. | would like
to express my sincere appreciation to all the participants who have joined us for this
year's Conference. | am truly grateful to the speakers, policymakers, and leaders of the
academic and research communities for enhancing the significance of this event with
their presence.

Furthermore, | extend my heartfelt gratitude to the Korean-American Scientists and
Engineers Association and the Korean Federation of Science and Technology Societies,
particularly President Yongho Sohn and President Taesik Lee, respectively, for their
unwavering efforts in organizing this conference.

In today’s world, international cooperation in science and technology plays a crucial
role in addressing global challenges, driving innovation, and promoting sustainable
development. By leveraging the strengths of different nations, sharing knowledge,
and fostering collaboration, we can effectively tackle complex problems, accelerate
scientific progress, and build a better future for the world.

This year we celebrate the 70" anniversary of the ROK-U.S. alliance. This partnership
becomes even more critical in the face of a rapidly changing global landscape and
intensifying technological competition. Recent State Visits and the Joint Committee
Meeting on Science and Technology have further strengthened this collaboration. In this
context, the role of Korean researchers in the United States holds utmost significance
in promoting collaboration in science and technology.

The theme of UKC 2023 is "Discovery, Innovation, and Dissemination for Transformative
Impact." In a world characterized by escalating competition and confrontation, we
encounter various challenges and opportunities. In this era of transformation, it
becomes imperative to seek innovative solutions that can profoundly impact our society
and economy. Throughout this conference, we will explore the vital role of science,
technology, and entrepreneurship in driving innovation and creating a transformative
impact on our society.

| am truly confident that this conference will not only provide a platform for in-depth
discussions and give us direction in this transformative era, but also offer an opportunity
to strengthen the partnership between the two countries in the fields of science and
technology. | hope that this event will offer you valuable insights and pave the way for
fruitful collaborations.

Thank you once again for your participation in UKC 2023.

August 2023
Lee, Kwang Bok

President, Korea-U.S. Science Cooperation Center
President, National Research Foundation of Korea
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Remarks from UKC 2023 Program Chair

Chang-Yong Nam

Scientist
Brookhaven National Laboratory

Greetings to all participants of the 36" US-Korea Conference on Science, Technology,
and Entrepreneurship (UKC 2023).

As the annual flagship event of the Korean-American Scientists and Engineers
Association (KSEA), UKC 2023 stands as a testament to the collaborative ties between
the United States and Korea—two nations recognized for their contributions to scientific
excellence, technological innovation, and enterprising spirit.

As the Program Chair, it is my great pleasure to extend a warm welcome to this
distinguished gathering. At this event, esteemed experts, entrepreneurs, and
policymakers from the United States and Korea come together to foster partnerships,
exchange insights, and collectively shape the path of our interconnected world.

Set against the backdrop of the vibrant city of Dallas-Fort Worth, Texas, UKC 2023
centers around the theme, “Discovery, Innovation, and Dissemination for Transformative
Impact”, which aptly reflects the expertise of our invited participants and contributors,
who are leaders in scientific advancements, technological progress, entrepreneurship,
and policy innovation.

UKC 2023 presents a comprehensive program, featuring Plenary sessions, 4 Keynote
Symposiums, and 14 Technical Group Symposiums. Additionally, it includes a dynamic
Poster Session featuring nearly 130 poster presentations. Complemented by 9
Distinguished Forums, 8 Sponsor Forums, the Fostering Innovation in Rising Experts
(FIRE) Symposium, the Innovation & Entrepreneurship Symposium (IES), the Data
Science Workshop (DSW), and the Early Career Development (SEED) Workshop, this
array captures the rich and diverse experience we aim to provide.

Lastly, | extend my heartfelt gratitude to our co-organizers, the dedicated members of
the organizing team, the KSEA staff, and the volunteers. Their steadfast commitment
has played a pivotal role in ensuring the success of UKC 2023.

With warm regards,
Chang-Yong Nam
UKC 2023 Program Chair

UKC 2023 4
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Spin Correlations and Bell’s Inequality

Chueng-Ryong Ji'
'Department of Physics, North Carolina State University, Raleigh, NC 27695

. SUMMARY

The orientation entanglement of the spins
distinguishes quantum states of the particle.
Currently, there are many practical applications of
quantum orientation entanglement of the spins in
the field of quantum technologies such as quantum
computing and atomic clocks where the orientation
of spin-state is squeezed to improve the precision.

I will discuss the foundation of the quantum
mechanics with the spin correlation and the Bell's
inequality as well as the debate on the quantum
mechanical concept and the experimental evidence
of quantum mechanical prediction defying the Bell’s
inequality based on the hidden variable theory as
an alternative theory to the quantum mechanics.

Il. BACKGROUND

Entanglement of spins is one of the most peculiar
features which does not have a classical
counterpart resulted in a debate in a series of
conferences known as the Solvay conference over
eight years (1927-1935). The final round of the
debate was carried out in the so-called “‘EPR
paradox’[1] and “Complementarity’[2] and the
terminology "entanglement " was used to describe
the correlation between the interacting particles.

Einstein, Podolsky, and Rosen considered the
description of reality given by the wave function in
the quantum mechanics is not complete[1] while
Bohr's viewpoints the term "Complementarity" is
explained from  which  quantum-mechanical

description of phenomena is fulfilled within its scope.

This debate ultimately led to formulate the Bell’s
inequality[3] that the local hidden-variable theory is
satisfied but incompatible with quantum mechanics.

lil. Bell’s Inequality in “Hidden Variable Theory”

As alternative to quantum mechanics, the so called
“Hidden Variable Theory” assumes that the
dynamic behavior at the microscopic level appears
probabilistic because some unknown parameters

have not been specified. Do such theories make
predictions different from those of quantum
mechanics? John Stuart Bell in 1964 came up with
a testable inequality relation known as the Bell’s
inequality. | will discuss how it can be derived from
the spin correlation examples and how it doesn’t
hold in quantum mechanics as shown in Figure 1,
where the quantum mechanical prediction shown by
the blue curve goes over the maximally allowed
upper bound from the Bell's inequality depicted by
the yellow curve.

0.5

1 2 3 4 5 6
Figure 1: Violation of the Bell’s Inequality in
Quantum Mechanics

The Royal Swedish Academy of Sciences has
decided to award the Nobel Prize in Physics 2022
to Alain Aspect, John F. Clauser and Anton
Zeilinger “for experiments with entangled photons,
establishing the violation of Bell inequalities and
pioneering quantum information science”. Il
discuss an example of experimental result[4]
credited to the award of this Nobel Prize.

ACKNOWLEDGEMENTS

This work was supported in part by the U.S.
Department of Energy under Grant No. DE-FG02-
03ER41260.
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From Quantum Physics to Quantum Computing

Alexander F. Kemper'
"North Carolina State University

Quantum computing has captured the imagination
of scientists and engineers in industry and
academia alike. The cloud accessible quantum
computers have made it possible for anyone to go
program a quantum computer, and the
announcements of calculations that are beyond the
capabilities of classical computers have inspired
many to do so. In this talk, I'll give an introduction to
the topic of quantum computing.

To start, | will motivate why we are working on
quantum computers in the first place. Broadly
speaking, we are starting to see the end of Moore’s
law, and new computational paradigms are starting
to show promise in being able to tackle beyond-
Moore problems. Quantum computing is one of
these paradigms.

Quantum computation begins at the hardware level

with a set of qubits — controllable two-level systems
— that are made to interact. | will review some of
the physical systems in use today, and some of the
proposed future systems.

Figure 1: Artist illustration of a trapped ion quantum
computer (courtesy of lonQ [1]).

The hardware is then used to run some software —
a quantum program. Quantum program is quite
different from classical programming; | will discuss
some of the basics of quantum algorithms, including
the circuit model of quantum computation.

UlalgNp)™

Figure 2: A quantum circuit (reproduced from Ref 2).

I will briefly discuss some of the basic quantum
algorithms, and overview some of the standard
algorithms in use today, and how they could
potentially lead to speedups in computing.

REFERENCES

1. https://physicsworld.com/a/new-gate-
optimization-strategy-could-boost-efficiency-in-
trapped-ion-quantum-computers/

2. M. Metcalf, E. Stone, K. Klymko, A.F. Kemper,
M. Sarovar, and W.A. de Jong, “Quantum
Markov chain Monte Carlo with digital
dissipative dynamics on quantum computers,”
(2022) Quantum Science and Technology 7
025017
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DAMSA: A Novel Experiment Concept to Probe Dark Sector Particles

Wooyoung Jang and Jaehoon Yu
Department of Physics, University of Texas, Arlington, TX 76019, USA

l. Introduction

The search for dark sector particles has been a
subject of significant interest in particle physics due
to its potential to explain several long-standing
mysteries in the universe. This paper introduces a
novel experimental concept called Dump-produced
Aboriginal Matter Searches at an Accelerator
(DAMSA), a pioneering experimental challenge
designed to tackle the dark sector particle searches
at high-intensity proton accelerator facilities. Based
on our benchmark physics model, searching for
axion-like particle (ALP), | will discuss the overall key
points of the experiment (See [1] for details).

Il. DAMSA Experimental Setup

We describe the unique configuration of DAMSA,
which involves strategically placing the detector in
close proximity to a beam dump. This arrangement
enhances the detection capabilities of signal events.
DAMSA comprises three essential components: 1)
the beam dump and neutron moderator, 2) the decay
chamber and 3) a fast, precision angular resolution
electromagnetic calorimeter. See Figure 1. for a
visual representation of the experimental layout.

Decay chamber (vacuum)
Stainless steel
10 m long, 6 mm thick o
~24.05° (~0.05 sr)
(maximum aperture of the detector
Proton beam seen from the beam impact point) o
600 MeV, =
800 MeV,
1000 MeV
02m
Polyurethane

10° protons
moderator

Not to scale
114 P

Figure 1: Experimental layout of DAMSA.

. Beam-related Neutron
Mitigation Strategies

The proximity of the detector to the target or
interaction point introduces beam-related neutron
(BRN) backgrounds. We analyze the BRN
backgrounds and their potential impact on the
detection of dark sector particles. Since the ALPs are

unstable, they are decay into two photons. Therefore,

Backgrounds

we have investigated various physical quantities for
all possible combinations of paired photon incidents
to the detector. One such quantity is the distance of
closest approach (DCA). The DCA is defined as the
minimum distance between the trajectories of the
two photons. A larger DCA indicates a higher
likelihood of randomly paired photon pairs, while a
smaller DCA suggests a higher possibility of a signal.
In Table 1, we summarized the background
mitigation strategies and their corresponding
selection efficiencies that tells us background
rejection capabilities.

Table 1. A summary of various selection cuts and
their efficiencies that has been applied for BRN
mitigation with different proton beam energy
assumptions.

Cuts Cut Efficiency

600 MeV 800 MeV 1 GeV
DCA<10cm 3.10e-3  2.98e-3 2.88e-3
dTOA<0.1ns 8.82e-3 9.38e-3 9.29e-3
Fiducial Volume 6.13e-1 6.13e-1 6.13e-1
Back Tracing 4.16e-2 4.18e-2 4.16e-2
Invariant Mass 1.88e-4 2.07e-4 2.61e-4

IV. Conclusion

We have presented an overview of the DAMSA
experimental design and strategies to minimize the
impact of BRN. The selection criteria introduced in
Table 1, a rejection power of up to 10-'3 can be
expected for the ALP search program. Currently,
efforts are underway to establish a collaboration and
detailed simulation studies are being conducted.

REFERENCES

1. W. Jang et. al, “Search prospects for axionlike
particles at rare nuclear isotope accelerator
facilities”, Phys. Rev. D 107, L031901 (2023).
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COIFM Investigation of Self-Assembled Water Chains in Biomolecular

Interactions
Byung I. Kim, Ryan D. Boehm, and Steven S. Heydendahl
Department of Physics, Boise State University

I. SUMMARY

We study one of the most challenging, but also one
of the most important problems of sciences: the role
of water in biomolecular functions. We measured
the force-distance curves between biotin and avidin
using the cantilever-based optical interfacial force
microscope (COIFM) technology. The curves show
large oscillatory forces as the tip approaches the
surface. The oscillatory feature is analyzed with a
model that describes a liquid crystal confined by
two parallel planes. The analysis leads to the
conclusion that both molecules are covered with
hydration shells in the form of chain-like water.

Il. Experiment, Data Analysis, and Discussion

A. Force-distance Measurement

We measured the force between biotin and avidin
molecules to investigate their interactions in an
aqueous environment. The molecules were
tethered to a sample surface using bio-conjugate
techniques utilizing glutaraldehyde for avidin and
NHS-PEG for biotin. We used the COIFM to
measure a force-distance curve of the biotinized tip
approaching the avidinized silicon surface in liquid
phosphate buffered saline (PBS). The force-
distance curves show large oscillatory forces as the
tip approaches the surface.

B. Analysis

The oscillatory force is analyzed with a model that
describes the isotropic- smectic phase transition in
liquid crystal systems. The smectic ordering
contribution to the total free energy of an isotropic
liquid crystal confined between parallel plates lying
in the xy plane and located at z = +d/2 is calculated
as follows:

Fint (d) =

LaA|¥s|
$a

d ) cos(%)
. ) .. (d
$a smh(a)
where L, is the elastic coefficient, ¥s is the fixed
smectic order parameter amplitude at z=0, A is the

surface area of the plates, & is the smectic
correlation length, and ayp is the smectic period.

coth ( -1

C. Discussion and Conclusion

The maijority of biomolecular association reactions
(e.g. protein associations) show a significant
entropy increase upon association (a positive AS°®).
The entropy increase can be explained with a
hydrogen bonded network known as a “hydration
shell” that wraps each of two molecules. A
biomolecular association reaction lowers the overall
energy of the entire system because water
molecules can be released from their entropically
unfavorable intervening region to a favorable bulk
region. Since the 1960s, the so-called iceberg
model, proposed by Evans and Frank, has been a
dominant mechanism to explain biomolecular
interactions. The data and analysis lead to the
following conclusion: Water in a hydration shell in
the iceberg model should exist in the form of chain-
like water.

50 . T T

N

40 | -

Normal Force (nN)
> S

0 5 10 15 20
Distance (nm)
Figure 1: Force-distance curve with biotinized tip
and avidinized surface. During approach, the
oscillatory force with the periodicity of about 2.2 nm
starts at the distance of 12 nm.

ACKNOWLEDGEMENTS
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Manipulation of Quantum Materials
Na Hyun Jo!
Department of Physics, University of Michigan, Ann Arbor, M1 48109, USA, 2Affiliation

I. SUMMARY

Manipulating the edge states of topological materials
is of great interest as a way to realize novel many-
body physics. Initial efforts included randomly
distributing magnetic atoms on a topological
insulator to open a gap in the dissipationless surface
state [1]. But more recently, the intriguing physical
properties of intrinsic magnetic topological materials
have been studied [2]. Here, | will present theoretical,

electrical transport, and angle-resolved
photoemission spectroscopy (ARPES) results on
two particularly promising systems.

Antiferromagnetic MnBianTesn+1 [3] is an intrinsic
axion insulator with a single-gapped Dirac cone that
provides the magnetic analog of the simplest time-
reversal-symmetry-protected topological insulator.
EuCd2As: [4-6] is a tunable system for exploring the
interplay of magnetic ordering and topology,
potentially an ideal Weyl semimetal. | will also
present very recent work [7] combining ARPES with
in situ uniaxial stress tuning of a topological state.

Il. Experimental approach

A. Crystal growth

Single crystals of MnBisTe10 were grown using Bi-Te
as flux following the procedure described in Ref. [8].
Single crystals of both FM-EuCd2As2 and AFM-
EuCd2As2 were grown via solution growth using a
salt mixture as flux. The difference in growth
procedure between FM-EuCd2As2 and AFM-
EuCd2As2 was the initial stoichiometry of Eu:Cd:As
in the salt mixture. We also grew single crystals of
EuCd2As2 using Sn flux and these crystals also
manifest AFM order.

Single crystals of HfTes were grown using tellurium
flux. The growth was heated up to 650°C in 3 hours,
dwell for 10 hours, and then slowly cooled to 460°C
over 78 hours before decanting. Low temperature
annealing was conducted at 380°C and 250°C for 5
days in a sealed silica tube for sample 1 and sample
2, respectively.

B. Electrical transport measurements
Temperature-dependent electrical transport
measurement was carried out in a Quantum Design
Physical Property Measurement System (PPMS) for

1.8K < T < 300K. The samples for electrical
transport measurements were prepared by attaching

four Pt wires using DuPont 4929N silver paint. The
current was applied in ab plane with /=1 mA and
f=17 Hz.

C. Angle-resolved photoemission spectroscopy
(ARPES)

Two ARPES systems were used. One is the laser-
based ARPES system at Ames National Laboratory
using a tunable VUV laser ARPES system that
consists of Omicron Scienta DA30 electron analyzer,
a picosecond Ti:Sapphire oscillator, and fourth
harmonic generator. The other is the Beamline 7.0.2
(MAESTRO) at the Advanced Light Source. The data
were acquired using the micro-ARPES end station,
which consists of an Omicron Scienta R4000
electron analyzer. Samples were cleaved in situ by
carefully knocking off an alumina post that is
attached on top of each sample with silver epoxy.

ACKNOWLEDGEMENTS
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Tunneling Andreev Reflection: Direct Access to the Superconductivity
in the Atomic Resolution

Wonhee Ko', Sang Yong Song? Jose L. Lado? Petro Maksymovych?
" Department of Physics and Astronomy, University of Tennessee, Knoxville, 2Center for Nanophase
Materials Sciences, Oak Ridge National Laboratory, 3Department of Applied Physics, Aalto University

I. SUMMARY

Andreev reflection (AR) is a physical process that
occurs at the interface between a normal metal and
a superconductor, where an electron from the normal
metal transports into the superconductor and forms
a Cooper pair with another electron while the hole is
retroreflected to the normal metal with the opposite
spin from the original electron. The process is not
only essential to explain the electronic transport
between the normal metal and the superconductor,
but also extremely useful to probe the materials’
superconductivity by direct interaction with the
Cooper pairs.

Here, we present a new methodology, Tunneling
Andreev Reflection (TAR), which utilizes the AR
occurring at the tunneling junction between a normal
metal and a superconductor (Fig. 1).12 Incorporating
TAR to the scanning tunneling microscope (STM)
allows us to access superconductivity in the atomic
resolution. The technique opens new opportunities
for the development of future topological quantum
computers based on superconductors, where the
identification = of quantum  materials  with
unconventional order parameters is instrumental for
the development of topological qubits.

Il. EXPERIMENTAL METHODOLOGY

A. Decay rate spectroscopy

To distinguish normal electron tunneling from AR, we
developed the decay rate spectroscopy, which
measures the relative decay constant k/ky from the
tip-sample distance dependence of the tunneling
current or tunneling conductance.! Since AR is a
higher-order process compared to normal electron
tunneling, it displays increased k/ky that has specific
shape for distinct superconducting order
parameters.?2 Combining with the scanning capability
of STM, decay rate spectroscopy provides the
atomic-resolution map of the AR and visualizes the
spatial distribution of inhomogeneous
superconducting order parameters.

B. lowest- and higher-order AR

By controlling the tip height from tunneling regime all
the way to the near-contact regime, we can access
the AR from the Ilowest- to higher-order
components.” This capability is critical for
identification for nodal superconductors, whose
lowest-order AR are suppressed by quasiparticle
tunneling and quantum interference while higher-
order AR still appears at near-contact regime.2 The
specific shapes of the spectra are highly dependent
on the pairing symmetry, so we can determine one
by comparing with theoretical calculations.

lll. ILLUSTRATIONS

Figure 1: Experiment scheme of TAR. The inset
shows representative decay rate spectra of FeSe.
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Quantum geometry for the optical properties of crystals

Junyeong Ahn', Guang-Yu Guo?3, Naoto Nagaosa*, Ashvin Vishwanath'
"Department of Physics, Harvard University, Cambridge, MA, USA,
’Department of Physics and Center for Theoretical Physics, National Taiwan University, Taipei, Taiwan,
3Physics Division, National Center for Theoretical Sciences, Taipei, Taiwan,
“RIKEN Center for Emergent Matter Science (CEMS), Wako, Japan,
SDepartment of Applied Physics, The University of Tokyo, Tokyo, Japan.

. SUMMARY

The geometry of quantum states is well established
as a basis for understanding the response of
electronic systems to static electromagnetic fields,
as exemplified by the theory of the quantum and
anomalous Hall effects. However, it has been
challenging to relate quantum geometry to resonant
optical responses. The main obstacle is that optical
transitions involve a pair of states, whereas existing

geometrical properties are defined for a single state.

As a result, a concrete geometric understanding of
optical responses has so far been limited to two-
level systems, where the Hilbert space is
completely determined by a single state and its
orthogonal complement. Here, we construct a
general theory of Riemannian geometry for
resonant optical processes by identifying transition
dipole moment matrix elements as tangent vectors.
This theory applies to arbitrarily high-order
responses, suggesting that optical responses can
generally be thought of as manifestations of the
Riemannian geometry of quantum states. We use
our theory to show that third-order photovoltaic Hall
effects are related to the Riemann curvature tensor
and demonstrate an experimentally accessible
regime where they dominate the response. Our
work offers a new perspective on designing and
controlling the functionality of quantum materials,
especially topological materials.

Il. THEORETICAL APPROACH

- Dipole matrix elements are shown to have the
meaning of tangent basis vectors in the space of
Bloch states. This allows understanding the full
geometric meaning of optical response functions
due to electric dipole transitions (Fig. 1).

- The optical meaning of the basic geometric
quantities, metric, connection, and curvature of
Bloch states are revealed, which are absorption,
photovoltaic effect, and light-induced Hall effect,
respectively.
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Figure 1: (a) Geometric meaning of dipole matrix
elements in the space of Bloch states in terms of
the tangent basis vectors. (b) Optical meaning of
basic geometric quantities of the electronic wave
functions.
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Quantum Phases and Transitions under Decoherence:
Many Body Physics of Information

Jong Yeon Lee
Kavli Institute of Theoretical Physics, Santa Barbara, CA 93106, USA

l. Introduction

The study of non-trivially entangled many-body
quantum states has been an active area of research
in both quantum information science and condensed
matter physics. In particular, symmetry-protected
topological (SPT) phases are of great importance
since the SPT states provide a class of non-trivially
entangled quantum systems that can be realized in
the current experimental platforms, and they are also
relevant to measurement-based quantum
computation and measurement-based long-range
entangled state preparations. However, whether
SPT phases can be experimentally identified under
noisy, decohering quantum circuits has not been
addressed, which is important in the era of noisy
intermediate-scale quantum devices.

Il. Main results

In the series of work [1-3], we introduce a novel
perspective for comprehending exotic quantum
states and the practical utilization of quantum
entanglement in quantum devices, which are
inherently subject to decoherence.

In [1], we provide a protocol for generating long-
range entangled (LRE) states utilizing finite-depth
unitary circuits, measurements, and feedforward
operations informed by measurement outcomes.
Then, we examine the stability of the proposed
protocol under decoherence and present a
fundamental constraint on the potential to employ

short-range entangled (SRE) states for creating LRE
states.

Then, we reveal that one’s capacity to create a LRE
states from a decohered SRE state is closely
connected to a fundamental limit on the potential to
verify the presence of SRE topological states [2].
While doing so, we establish the explicit mapping
between the properties of decohered density
matrices and the topological features of the
corresponding pure state in the doubled Hilbert
space. This allows one to study various properties of
the decohered topological states, including the
information theoretic quantities, in terms of concepts
from condensed matter physics.

Lastly, we investigate the emergence of critical
physics within the system under decoherence,
resulting in an information-theoretic phase transition
[3]. This comprehensive analysis offers valuable
insights into the behavior and properties of exotic
quantum states in quantum devices, paving the way
for future developments in the field.

Ill. Hlustration

Figure 1 shown below: Protocol to create a mixed
state with LRE from finite depth unitary circuits,
measurement, and decoding procedure
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A Toolbox for Analog Quantum Simulation

Soonwon Choi
Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

l. Introduction

Quantum simulators—carefully engineered and
programmable quantum systems—provide an
exciting avenue to explore the laws of nature and to
realize complex physical phenomena. However,
current quantum simulators still lack the
sophisticated controls needed to interrogate a
prepared state in depth, limiting the information that
can be extracted by measurements. Here, we
propose a novel measurement protocol that
completely overcomes this difficulty, allowing for the
extraction of arbitrary physical information. Excitingly,
the protocol can be implemented with present-day
technologies.

Il. Main results

Our protocol involves introducing ancillary degrees
of freedom prepared in a known state to a system of
interest, letting them evolve naturally under joint
quantum dynamics, then performing global
measurements in a standard basis. Even though
only a single, fixed basis is measured, we show how
our protocol enables any property of the original
quantum state to be estimated. The key ingredient of
our protocol is ergodicity—the natural randomness in
general quantum dynamics—which ensures that all
information of the original system, even complicated
observables, manifest over the ancillary system and
can be observed. We demonstrate our protocol with
extensive numerical simulations showcasing the
extraction of elusive properties like topological
numbers and entanglement entropies, assuming
only the capabilities of existing experimental
platforms.

Our protocol empowers quantum simulators to make
previously impossible measurements, significantly
advancing near-term quantum technologies. Further,
our work heralds a paradigm shift in quantum
protocol design, where we harness ergodicity—a
ubiquitous feature of quantum dynamics—to aid
scientific discoveries.

Ill. Hlustration

Figure 1: Artistic illustration of scientists interogating
quantum devices to extract physically meaningful
properties. This illustration has been generated by

an Al algorithm with the prompt provided by the
authors of Ref. [1].
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Launching multiple modes in hyperbolic vdW heterostructures

Byung-ll Noh', Siyuan Dai?
"Materials Research and Education Center, Department of Mechanical Engineering, Auburn University,
Auburn, Alabama 36849, USA

. SUMMARY

Polaritons arise from the strong interaction between
electromagnetic (EM) waves and the electric or
magnetic dipole components of matter. Recently,
low-dimensional van der Waals (vdW) materials
have garnered considerable attention as promising
candidates for nano-polaritonic devices.! These
materials, consisting of weakly bonded atomic
layers, offer unique properties, such as easy
exfoliation to single or few layers and the ability to
engineer them through stacking. Among these
materials, hyperbolic vdW materials with opposite
signs of in-plane and out-of-plane permittivity (eqs€; <
0) are particularly intriguing as they support multiple
branches of polaritons at deep subwavelength
scales.? Hyperbolic polaritons are of great
importance due to their highly confined light and
high optical density of states (optical momenta k)
beyond that of free space light (ko). Notably, the
higher-order branches enable extreme light
confinement and higher energy density compared
to the fundamental mode, making them suitable for
nano-polaritonic devices spanning a wide range of
spectroscopic fields. Despite the existing body of
research focusing on the fundamental (0-order)
branch, where polaritons manifest as fringes in
near-field images with a dominant single period, our
work addresses multiple branches of hyperbolic
polaritons, particularly the higher-order branches,
through vdW stacking. In contrast to conventional
fringe oscillations, we have observed beat
phenomena in a SNOM of a prototype natural
hyperbolic hexagonal boron nitride (hBN). Our
findings regarding the engineering of polariton
reflection have the potential for further development
in nano-polaritonic circuits, nano-optical
communications, energy ftransfer, and other
functional applications.
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Figure 1: Near-field nano-imaging. Near field s-
SNOM image of foldable hBN at IR beam frequency
w = 1414 cm™. The AFM tip and foldable hBN are
illuminated by the IR beam (yellow arrow) from a
QCL. Hyperbolic polaritons (red arrow) are
launched by strong coupling between AFM tip and
hBN. At the edge, the multiple polaritons are
reflected back and then detected by s-SNOM.
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Research and Development of the multi-qubit superconducting quantum
processor in SKKU

Yonuk Chong
SKKU Advanced Institute of Nano Technology (SAINT), Suwon 16419, Korea
Department of Nano Engineering, SungKyunKwan University (SKKU), Suwon 16419, Korea

I. SUMMARY

Here we present our recent progress in multi-qubit
superconducting quantum processor development
research activities in SKKU. We will present our
design, fabrication and measurement flow in SKKU
laboratory up to 10+ qubit scale devices. As the qubit
number increases, calibration of the qubit
parameters against the drift is a large overhead in
operating quantum chips. We improved our
measurement fidelities and we have automated
calibration process to improve our system
performance. Our result of entangling gate
optimization and fidelity results will be presented. As
simple examples, we demonstrate simple algorithms
in small scale devices, in addition to the simple VQE
iteration and CHSH inequality measurement.
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Figure 1: Example of 4-qubit device fabricated in
SKKU. We currently run 3-inch wafer process.
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Figure 2: 2-qubit entanglement gate example. Using
the calibrated CNOT gate, the Bell state fidelity is
about 0.97, which includes the SPAM error of
(estimated) ~2%.
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Figure 3: Test of CHSH inequality violation.

ACKNOWLEDGEMENTS

This work was supported by the National Research
Foundation of Korea (grant nos.

2022M3K2A 1084250, 2022M3E4A1077186,
2022M3E4A1083527, 2020M3H3A1110365

and 021M3H3A1036573.)

REFERENCES

1. H.S.Yeo et al., “High-fidelity Multiplexed Single-
shot Readout for Transmon Qubits with High-
power Measurement”, to be published in IEEE
Trans. Appl. Supercond. Vol. 33, Issue 5, Aug
2023.
DOI: 10.1109/TASC.2023.3254485

CONTRIBUTIONS
Hwan-Seop Yeo, Seungwook Woo, Jeongwon
Kim, Youngdu Kim, Beomgyu Choi, Jongwon
Park, Dongki Cho, Yonuk Chong*

* email : yonuk@skku.edu
* homepage : http://quantum.skku.edu

UKC 2023 16



Magnetic-field-resilient niobium cavity electromechanical system and its
optomechanical frequency comb generation

Junho Suh', Seung-Bo Shim?, Jinwoong Cha?
"Pohang University of Science and Technology, Pohang, Korea
2Korea Research Institute of Standards and Science, Daejeon, Korea

. SUMMARY

Mechanical oscillators provide a novel platform to
harness phonons as a resource for quantum
technology. In this talk, | describe our recent results
on developing mechanical oscillator devices suitable
for quantum sensing applications. We demonstrate a
superconducting cavity electromechanical device
with thin film niobium implementing optomechanical
interactions at microwave frequency. The device
demonstrates significant improvements in the
operating temperature, magnetic fields, and
microwave powers. At high microwave powers, it
exhibits a microwave frequency comb emerging from
nonlinear interactions between the microwave and
mechanical oscillation. These results could lead to
mechanical quantum sensors aided with precision
comb-based frequency determination.

Il. EXPERIMENTS

A. Device and experimental set-up

The fundamental flexural mode (8.4 MHz) of a
niobium micro-membrane is the mechanical
oscillator under study. The membrane is suspended
above a bottom electrode by 130 nm forming a
vacuum gap capacitor in a superconducting LC
resonator. The LC resonator is the “cavity” for 3.8
GHz microwave photons, and the modulation of LC
resonance frequency by the vibration of membrane
provides the “optomechanical’ coupling between the
microwave photons and mechanical phonons. We
perform all the measurements at the liquid helium
temperature (Fig.1a-b).

B. Magnetic-field-resilience and optomechanical
frequency comb

At 42 K, the electromechanically induced
reflection of input microwave persists up to 0.8 T
magnetic field (Fig.1c). We observe that the single-
photon optomechanical coupling rate(~3.3 Hz) is
independent of magnetic field strengths.

The niobium device pertains optomechanical
interaction at high microwave powers and starts to

show frequency comb above a threshold. The comb
spacing matches exactly with mechanical resonance
frequency. This is also confirmed with time-domain
measurements of microwave powers and is
explained by coupled equations of motion of
microwave field and mechanical motion with a
nonlinear coupling from radiation pressure (Fig. 1d-
e).

lll. ILLUSTRATIONS
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Figure 1: Device, experimental set-up, and
measurement data. a: schematic of cavity
electromechanical device. b: measurement circuit
diagram. c: electromechanically induced reflection

of input microwave at 0.8 T magnetic field. d:
optomechanical frequency comb. e: time-domain

measurement of microwave power when the

frequency comb appears at high microwave
powers.
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Deterministic Generation of Multidimensional Photonic Cluster States
with a Single Quantum Emitter

Gihwan Kim
Thomas J. Watson, Sr., Laboratory of Applied Physics, California Institute of Technology, Pasadena, CA
91125, USA

. SUMMARY
Multidimensional photonic cluster states hold great
potential in various quantum information processing

tasks, including quantum  metrology and
measurement-based quantum computation.
However, the scalability  of  generating

multidimensional photonic cluster states in optical
systems has been limited due to the reliance on
probabilistic photon sources and entangling gates.
We present an experimental implementation of a
resource-efficient scheme in the microwave domain
for the deterministic generation of two-dimensional
(2D) photonic cluster states. Our method is based on
a modified version of the protocol proposed by
Pichler et al. [1]. In our setup, we utilize a coupled
resonator array as a slow-light waveguide [2], a
single flux-tunable transmon qubit as a quantum
emitter, and a second auxiliary transmon qubit as a
switchable mirror. This configuration enables us to
achieve rapid and controlled emission of entangled
photon wavepackets, as well as selective time-
delayed feedback of photon wavepackets to the
emitter qubit (refer to Figure 1). By leveraging these
capabilities, we successfully generate a 2D cluster
state composed of four photons and five photons [3].

Il. EXPERIMENT

A. Qubit-Photon CZ Gate Implementation

We successfully implement a qubit-photon CZ gate
between a previously emitted photon and the emitter
qubit, achieving a fidelity of 90% as verified by
guantum process tomography.

B. On-Demand Shaped Photon Emission
We demonstrate the emission of envelope-shaped
photons with high efficiency of 97% within 30 ns.

C. Deterministic 2D Cluster State Generation

We demonstrate the generation of four-photon
square cluster states with 70% fidelity and five-
photon pentagon cluster states with 61% fidelity, as
confirmed through tomographic reconstruction of the
quantum state.
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Figure 1: Optical micrograph of the fabricated
device. A slow-light waveguide (SLWG), comprising
50 lumped-element resonators, functions as a delay
line and a high-cooperativity waveguide. At the
ends of the SLWG, two flux-tunable transmon
qubits (Qe and Qw) are coupled. Qe emits itinerant
microwave photons, while Qu selectively reflects
photons for time-delayed feedback. The interactions
between the qubits and the SLWG are dynamically
tuned by adjusting the qubits' frequencies, which

are controlled individually through flux lines.
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Towards a practical quantum advantage
with a high-fidelity Rydberg quantum simulator

Joonhee Choi
Department of Electrical Engineering, Stanford University, Stanford, CA 94305, USA

l. Introduction

Which is the better representation of some ideal
quantum evolution, a classical computer using an
approximate simulation algorithm, or a noisy
quantum simulator? We experimentally test this
question by producing maximum-entanglement
entropy states with as many as 60 atoms using a
Rydberg atom array with state-of-the-art fidelity, and
compare against similarly state-of-the-art classical
simulation algorithms.

Il. Main results

Recently we discovered that universal statistics
emerge from ergodic Hamiltonian dynamics of
generic quantum systems. The signatures of these
statistics were revealed by the observation of the so-
called Porter-Thomas distribution that emerges in a
wide variety of quantum computers and simulators.
The presence of such universal properties plays an
important role in quantum information science, for
example allowing the development of an efficient,
widely applicable benchmarking protocol. Via the
new benchmarking method, here we demonstrate
the fidelity estimation of a Rydberg atom-array
quantum simulator with up to 60 atoms and discuss
prospects for realizing practical quantum advantage
with near-term quantum simulators. In particular, in
the high-entanglement regime, neither the classical

nor quantum device has perfect fidelity, but the
classical algorithm's limited accuracy can be
precisely controlled by varying the degree of
classical resources employed. This allows us to
define the equivalent classical cost to perform
evolution with the same fidelity as the quantum
experiment. We show that with incremental
experimental improvements, the classical cost
required to beat the quantum device increases by
orders-of-magnitude, and even in the present day we
find the quantum experiment can outperform the
classical computer in finite sampling from these high-
entanglement states. Our results shed light on the
boundary between classical and quantum advantage.

Ill. llustration

Figure 1 (below): Quantifying the boundary between
classical and quantum advantage.
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Scalable fault-tolerant quantum error correction with linear array of
emitters

Isaac H. Kim?, Jintae Kim?
'UC Davis, 2Sungkyunkwan University

. SUMMARY

Quantum error correction is essential for building a
scalable fault-tolerant quantum computer, but
existing schemes for quantum error correction suffer
from an enormous experimental overhead. We
introduce a fault-tolerant quantum error correction
scheme using a linear array of emitters and
waveguides, which can reduce this overhead
substantially. The proposed scheme possesses a
threshold of 0.39%, which is comparable to a prior
scheme that uses a single emitter, while exhibiting
improved resilience against the loss in the
waveguide.

Our scheme improves upon the approach of Wan et
al., which proposed to use a single emitter and
waveguides to build a fault-tolerant qubit. This prior
scheme stores photons in a waveguide, which
sequentially interacts with the emitter. Our scheme
evenly allocates the photons to shorter waveguides,
thus reducing the effect of loss in the waveguide.
Based on an extensive Monte Carlo simulation, we
observe a logical error rate that decays exponentially
with the number of emitters, while maintaining the
same threshold.

In particular, even in an experimentally realistic setup
in which the gates applied between emitters are
substantially slower and noisier than the other gates,
the threshold remains largely unchanged [Figure 1].
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Figure 1: A plot of threshold under a different ratio
of error rate between neighboring emitters (p,) and

gate error rate (p).
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Fault-tolerant quantum computing with bosonic qubits

Kyungjoo Noh'
TAWS Center for Quantum Computing, Pasadena, CA, USA

I. INTRODUCTION

Implementing surface code quantum error
correction (QEC) using transmons as qubits is one
of the most popular approaches for building a fault-
tolerant quantum computer. Here, we discuss the
possibility of using oscillator-based bosonic qubits
instead of transmon qubits.

Il. BOSONIC QUBITS

Bosonic qubits are unique in the sense that they are
protected by bosonic quantum error correction [1,2].
GKP qubits [3] and cat qubits [4] are among the
most notable examples.

GKP qubits can offer advantages in that they are
robust against small displacement errors in an
arbitrary direction in the phase space and,
depending on the implementation, the outer error-
correcting codes can benefit from the soft analog
information coming from the qubit-level GKP error
correction [5,6,7].

The unique advantage of a cat qubit is that the bit-
flip errors can be suppressed as the size of the cat
qubit is increased due to the large separation of the
two coherent states in the phase space. This
means that the outer error-correcting codes can
focus on correcting the dominant phase-flip errors
on cat qubits, leading to an overall resource
reduction [8,9,10]. In this submission we mostly
focus on cat qubits.

lll. CAT-TRANSMON ARCHITECTURE

In an all-cat architecture, all the qubits are
implemented with cat qubits whose noise is biased
towards phase-flip errors [8,9,10]. However,
implementing high-fidelity and bias-preserving
entangling gates between cat qubits is
experimentally challenging, although it is not
impossible. Here, we propose an alternative cat-
qubit architecture, named cat-transmon architecture,
in which cat qubits are used only as data qubits of
an outer error-correcting codes and ancilla qubits
are implemented by using transmons [11]. The use

of transmons, instead of cat qubits, as ancilla qubits

significantly relaxes experimental requirements.
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Towards single virus genomics
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. SUMMARY

Single virus genomics enables the quantitative
assessment of critical processes underlying virus
evolution and infection. However, the unique
challenges associated with processing single virus
genomes make it impractical to adapt existing single
cell technologies. These challenges arise from the
limited genomic material present in each viral particle,
which is 1K-1M-fold less than that of eukaryotic cells,
as well as the presence of only a single copy of
genomic RNA/DNA. These obstacles are even more
pronounced for viruses with segmented genomes,
such as influenza. In this talk, | will showcase our
efforts to facilitate cell-free, direct profiling of single
influenza genomes at high throughput. The new
technology will, for the first time, allow large-scale
reassortment studies of natural influenza strains,
opening the door to characterizing their
reassortment potential.

1. Passive restoration of drop spacing
Having evenly spaced drops is essential to achieve
deterministic and reliable manipulation of drops,
such as drop counting, sorting, and merging.
However, drop spacing is often disturbed on chip,
especially when drops are smaller than the flow
channel. Restoring uniform drop spacing has
required active manipulation of drops, either by
repacking drops using an oil remover and adding
back respacing oil or reinjection of drops. These
approaches require extensive technical expertise
and repeated optimization of chip designs. We
developed a passive method to restore even spacing
of drops using inertial forces. We showed flowing SE
drops into an asymmetric serpentine channel quickly
produce evenly spaced drops. This simple channel
design can be easily integrated into other microfluidic
modules and devices, making our strategy highly
accessible.

. Double emulsion strategies

SE drop stability remains a persistent challenge in
the design of microfluidic assays. Despite
considerable efforts, drop merging cannot be fully

eliminated and varies substantially across
experiments. Drop merging negatively affects
workflows by mixing the contents of single cell
compartments and causes spurious detection. It also
increases size heterogeneity which causes highly
variable reaction yields and disrupts drop-by-drop
manipulations. To avoid the negative impact of
merging, most SE-based technologies employ
single-step reactions in drops. Single IAV genome
profiling, however, requires multiple steps to be
performed in drops. We have shown that DE drops
address the stubborn challenges of SE drop merging.
Instead of merging to form larger drops, DEs rupture
releasing their contents into the continuous phase

where they are effectively removed from
downstream steps. By retaining only intact,
monodisperse drops, reaction volumes remain

constant, yields are uniform across drops, and assay
results are consistent. This is particularly important
for PCR amplification and barcoding, where variable
yield reduces sequencing throughput by allocating
excess reads to larger drops. Importantly, DE drops
eliminate the risk of barcode mixing due to the
exclusion of the released materials from downstream
barcoding reactions.

V. Flow cytometry analysis

DEs allow automated drop-by-drop interrogation
using flow cytometry screening. Using single particle
loading, TagMan probes, and multi-color screening,
individual IAV genomes can be characterized for the
presence or absence of targeted genome segments.
DE flow cytometry has gained attention for improving
the throughput and data quality of drop-based
assays. We have extended these methods to
exclude similarly sized oil drops from ddPCR
detection. We have also successfully injected and
analyzed DE drops up to 80 um, surpassing the
previous limit of 35-50 um. Multi-step drop reactions
naturally lead to larger drop sizes. Through the
exploration of injection strategies, we achieved
comparable throughput analysis with larger drops.
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Nanotechnology Approaches for Real-time Neurotransmitter Detection

in Stem Cell-Derived Neural Interfaces
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. SUMMARY

This presentation aims to explore the intersection of
nanobiosensing and stem cell therapies, focusing on
the challenges faced in understanding the
microenvironment and gene expression in stem cells,
as well as the limitations of conventional methods and
the lack of comprehensive knowledge of regulatory
signals. Stem cells have the potential to differentiate
into various cell types under specific cues, and stem
cell therapy holds promise for regenerative treatments
of neurological disorders. However, to fully harness
the potential of stem cell therapeutics, advanced
biosensors are urgently needed that can identify stem
cell fate in a non-destructive, real-time, and
quantitative manner.

To address these challenges, our research primarily
focuses on developing nanotechnology-based
biosensing methods. These methods aim to accurately
detect key biomarkers like proteins, oligonucleotides,
and small molecules in a real-time, non-destructive,
and highly sensitive/selective way during stem cell fate
transition. One approach involves the creation of a
nanosensing platform with two essential components.
The first component is an immunomagnetic module
designed for exosome isolation, while the second
component incorporates plasmonic/metal-enhanced
fluorescence technology for the sensitive detection of
exosomal miRNA. This platform enables the
characterization of stem cell differentiation.

Another approach we explore is a novel cell-based
sensing platform known as large-scale Nano-
Electrode Arrays (NEASs). This platform demonstrates
real-time and highly sensitive
electrochemical/spectroscopic detection of
neurotransmitters produced from stem cell-based
neural interfaces. By utilizing NEAs, we can gain
valuable insights into the dynamic changes of
neurotransmitter release in stem cell systems.

These advancements in nanotechnology-based
biosensing have the potential to revolutionize our
understanding of stem cell behavior and facilitate the
development of more effective stem cell therapies for

neurological disorders. In this presentation, a
summary of the most updated results from these
efforts and future directions will be discussed.
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Figure 1: Schematic diagram illustrating the method to
detect dopamine (DA) releasing from single live cells using
graphene oxide (GO)-hybrid nano-SERS.
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Precision tumor cell death through targeting cancer-specific
InDel mutations with CRISPR-Cas9

Taejoon Kwon, Seung Woo Cho, and Kyungjae Myung
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l. SUMMARY

We developed a novel therapeutic strategy to
induce cancer cell death using the CRISPR-Cas
system selectively. CINDELA utilizes a previously
unexplored idea of introducing CRISPR-mediated
DNA double-strand breaks (DSBs) in a cancer-
specific fashion to facilitate specific cell death. In
particular, CINDELA targets multiple InDels with
CRISPR-Cas9 to produce many DNA DSBs that
result in cancer-specific cell death.

Il. RESULTS

To test whether DNA DSBs induced by CRISPR-
Cas9 can also kill cancer cells, we selected well-
known CRISPR-Cas9 targeting sequences that
appear repeatedly that range from a single to
20,000 targets in the human genome. We observed
that HEK293T cells started to die when the number
of sgRNA targets increased to more than 10, which
created 20 DSBs in the genomes of diploid cells.
HEK293T cell death was further enhanced when
the transfected plasmid expressed the sgRNA and
targeted more genomic locations.

To prove that CINDELA treatment can be applied to
actual tumor samples, we used the primary tumor
cell line GBL-67 derived from a Korean
glioblastoma patient. Based on whole-genome
sequencing data, we designed 26 SaCas9
CINDELA guide RNAs that targeted specific GBL-
67 InDels. Because we did not have access to
normal cells from the same individual, NSC-10
neural stem cells, which do not have the targeted
InDels, were used as the control. AAVs expressing
sgRNA and SaCas9 were generated and
simultaneously transduced into primary
glioblastoma GBL-67 and NSC-10 cells. We found
that approximately 50 cell-specific DSBs induced by
CINDELA treatment were sufficient to enhance

apoptosis and kill glioblastoma cells. In contrast, the
NSC-10 cells did not exhibit any growth attenuation
after the same transduction.

we tested CINDELA’s efficacy in patient-derived
xenografts (PDXs), which are predictive preclinical
models for cancer treatment. After sequencing
tissue from an established lung cancer PDX, we
identified approximately 30 CINDELA targets.
Xenograft tumor size was monitored for two weeks
after the injection of AAVs (five times within a 3-day
interval) that expressed SaCas9 with the targeted
sgRNAs. PDX tumor growth was inhibited by the
AAVs that expressed sgRNAs and SaCas9. In
contrast, AAVs that only expressed SaCas9 did not
inhibit tumor growth. In addition, the mice did not
exhibit any significant symptoms during the AAV
treatment.

lil. SIGNIFICANCE

Targeted killing of cancer cells without affecting
surrounding normal cells is the most desirable
approach for cancer therapy; however, it cannot be
easily achieved owing to the shared properties of
normal and cancer cells. The novel concept
proposed in this study may become a potential
approach for personalized cancer treatments.
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Structure and mechanisms of DNA damage recognition and initiation in
Nucleotide Excision Repair

Jennifer Le', Temilade Adeniran’, Amir Tavakoli', Debamita Paul’, Trevor van

Eeuwen?, Kenji Murakami? and Jung-Hyun Min'
"Department of Chemistry and Biochemistry, Baylor University
'Department of Biochemistry and Biophysics, Perelman School of Medicine, University of Pennsylvania

Nucleotide excision repair (NER) repairs DNA
lesions caused by diverse environmental agents
such as UV, pollutants, cigarette smoke, etc. The
lesions, if left unrepaired, block essential cellular
functions and lead to cell death or diseases. To
initiate NER, the XPC protein complex (Rad4 in
yeast) initially locates diverse lesions scattered
around the genomic DNA and recruits downstream
factors to the damaged sites. The recognition
efficiency of the lesions can, however, vary widely
depending on the lesion, and certain lesions can
evade detection by XPC and thus become resistant
to NER. Our research addresses how Rad4/XPC
recognizes DNA lesions and how certain lesions
evade Rad4/XPC by using multiple complementary
approaches including X-ray crystallography/Cryo-
EM, time-resolved fluorescence spectroscopy,
chemical crosslinking, and molecular dynamics (MD)
simulations. In this talk, | will summarize the current
understanding of the mechanism of NER initiation
based on our and others’ studies. In particular, | will
discuss the impact of DNA sequence context for the
lesion recognition, how photoactive DNA may be
used as a model lesion, and recent cryo-EM
structures that provide insights into how Rad4/XPC
recruits TFIIH to a lesion to initiate the DNA
unwinding and lesion verification process in NER.

Tavakol, A. et al., RS€ Chemical Biology (2021) /- Backcover

Figure 1: Rad4/XPC (blue) is a key DNA damage
sensor that recognizes various types of DNA
damage for the eukaryotic nucleotide excision
repair pathway. Rad4/XPC can also recognize a
photoactive nucleotide (red, NPOM) in a DNA
duplex (grey) as a lesion, and this binding can be
reversed using light as a trigger.
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I. INTRODUCTION

The organization of interphase chromosomes in a
number of species is starting to emerge thanks to
advances in a variety of experimental techniques.
However, much less is known about the dynamics,
especially in the functional states of chromatin. Re-
cent experiments have shown that the mobility of
individual loci in human interphase chromosome
decreases during transcription, and increases upon
inhibiting transcription.” This is a counter-intuitive
finding because it is thought that the active me-
chanical force (F) on the order of ten piconewtons,
generated by RNA polymerase |l (RNAPII), that is
presumably transmitted to the gene-rich region of
the chromatin, would render it more open, thus en-
hancing the mobility.?>

Il. RESULTS

Inspired by the experimental observations, we de-
velop a minimal active copolymer model for inter-
phase chromosomes to investigate how F affects
the dynamical properties of a single chromosome.*
In the model, F is applied along each bond of gene-
rich euchromatin (A-type) loci as an extensile force
dipole. The movements of the A-type loci are sup-
pressed in an intermediate range of F, and are en-
hanced at small and large F values. On the other
hand, the dynamics of the inactive heterochromatin
(B-type) loci is not affected by F. The intermediate F
values accord well with forces exerted by RNAPII (3
to 16 pN)3, and the relative change in the mean
square displacement upon removing the activity is
semi-quantitatively comparable to that from the ex-
periments. Remarkably, this good agreement is ob-
tained without adjusting parameters to fit the data.
In the intermediate F, the bond length between
consecutive loci increases, becoming commensu-
rate with the pair distance at the minimum of the
attractive interaction potential between non-bonded
active loci. This results in a transient disorder-to-

order transition, leading to the decreased mobility
during transcription.

lll. DISCUSSION

Notably, the F-dependent change in the locus dy-
namics does not alter the organization of the chro-
mosome. Moreover, the F-induced structural transi-
tion is not observed in a copolymer chain whose
A/B sequence is randomly shuffled. Hence, the ac-
tivity-induced dynamical suppression occurs only in
the interphase chromosomes which exhibit mi-
crophase separation between A and B loci. Our
study suggests that transient ordering of the active
loci might be a plausible mechanism for nucleating
a dynamic network involving transcription factors,
RNAPII, and chromatin.
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Single-molecule characterization of the early phase of amyloid-
aggregation
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l. SUMMARY

Protein aggregation is implicated in the
development of various diseases. Although amyloid
fibrils are known to be toxic, a number of
experimental studies have shown that a subset of
soluble oligomers formed during the aggregation
process, can be more toxic than the fibrils.
Structural studies using solid-state NMR and
cryoEM have revealed polymorphism in amyloid
fibril structures, suggesting that soluble oligomers
are a dynamic mixture of various species with
different sizes and conformations. Oligomers may
also appear transiently during aggregation and their
population is very low. These characteristics make
it very difficult to quantitatively characterize
oligomers using conventional biophysical and
biochemical methods, and the identity of the toxic
species remains unknown.

We studied the early phase of aggregation
of amyloid-B (AB) including the dimerization and
formation of stable oligomers using single-molecule
Forster resonance energy transfer (FRET)
spectroscopy. To enhance the dimerization, we
designed three tandem AP dimer constructs of the
two isoforms: 40-residue (Ap40) and 42-residue
(AB42). In all three cases of the homodimers (Ap42-
AB42 and AB40-AB40) and the heterodimer (Ap40-
AB42), dimerization is extremely rare with a high
dissociation constant of > 15 mM, a value of non-
specific interactions. More importantly, we found
multiple dimer states with different FRET
efficiencies and stabilities. We used a 6 dimer state
model to determine the equilibrium constant and
kinetic parameters between monomer and dimer
equilibrium. This structural and kinetic diversities
potentially result from the non-specific interactions
between the monomers and can be the cause of
the structural heterogeneity of the fibrils.

To detect the formation of larger and stable
oligomers of ApB42, we employed a single-molecule
free diffusion experiment, in which fluorophore-
labeled oligomers are detected by fluorescence

bursts produced when the molecules pass through
a focal spot. To accurately determine the size and
concentration of oligomers and the difference in
their  conformations from  the  brightness
(fluorescence intensity), number of fluorescence
bursts, and FRET efficiency, we introduce a new
method based on the maximum likelihood analysis
of individual photons. The method is based on a
rigorous description of diffusing molecules and
explicitly takes burst selection criteria into account,
which removes the burst selection bias in the
parameter determination. We found that the
concentration of stable AB42 oligomers is extremely
low, less than 0.1% of all soluble species. The
average size of the oligomers is large, about 70-
mer, and they have a rod-like, elongated shape.
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Silver Chalcogenide Infrared Colloidal Quantum Dots
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I. SUMMARY

Infrared colloidal nanomaterials have
generated a lot of interest due to their potential in
various applications such as telecommunications,
biosensing, gas sensing, crewless vehicles, etc. This
talk will discuss the optical and electrical properties
of the silver chalcogenide colloidal quantum dots and
their potential in optoelectronic. The silver
chalcogenide colloidal quantum dots exhibit wide-
tunable bandgap energy due to the quantum
confinement effect, extending to the extended SWIR

regime of 2.7 um. ' Moreover, the compositional

versatility of the nanocrystal and the switchable
electronic transitions between the bandgap transition
and intraband ftransition provide maximum
wavelength tunability over one order of magnitude,

up to the MWIR regime of 6.7 um. 25 With such

tunable electronic transition and relatively low toxicity,
the silver chalcogenide quantum dot could be an
alternative to heavy metal materials embedded in
infrared sensors requiring non-toxicity.
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Nature-inspired synthetic polymers for customized biomedical
applications
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Synthetic polymers are promising candidates
for customized biomedical applications due to
versatility of structural modifications to meet the
need of specific applications. In this talk, we will be
presenting our recent developments of nature-
inspired polymers for artificial bones, cardiovascular
applications, and tissue recovery. Poly(thioether-
co-carbonate) materials were synthesized from
tris(alloc)quinic acid (TAQA) and multifunctional
thiols. Quinic acid is abundant in coffee beans and
plant-based food and can be metabolized by
bacteria in guts. The TAQA polymers showed
storage modulus of 1.4 GPa, which can be
comparable to moduli of cancellous bones, and
provided viable environment for preosteoblast cells.
Degradation compounds from the polymer were
also tested to be benign to cells. Poly(honokiol
carbonate) (PHC) and a series of thermosets were
synthesized from tree-based honokiol and magnolol
and tested for cardiovascular applications. 3D-
printed PHC and magnolol thermosets were tested
with vascular endothelial cells, which maintained a
monolayer of viable cells on the substrate even
after a month. Furthermore, magnolol thermosets
showed scavenger effect for reactive oxygen
species (ROS). Hydrolytic degradation and swelling
properties of magnolol thermosets also exhibited
great potential as a drug-eluting material for
vascular stents and coatings. Soft polymers have
different categories of biomedical applications such
as artificial tissue for wound healing and tissue
rejuvenation. A hydrogel system from poly(ethylene
glycol)-block-poly(dl-allylglycine) (PEG-b-PDLAG)
mixed with fibroblast cells were tested for viability.
As the hydrogel degraded in cell culture medium,
cells were released to the cell culture plate and
proliferated on the substrate. Cells showed high
viability even after captured for a week in the
hydrogel due to the porous structure of the hydrogel
that allows penetration of nutrition and air. Our
study showed that nature-inspired synthetic

polymers can be environment-friendly tools for on-
demand materials to meet the need of specific
applications with relatively simple and cost-effective
synthesis methods.
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Figure 1: Poly-honokiol carbonate (PHC) based on

honokiol from a magnolia tree and cell viability on
PHC material.
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Photoemission of Upconverted Hot electrons from Doped Quantum
Dots— Effect of Charge and Ligand

Dong Hee Son
Department of Chemistry Texas A&M University College Station, TX 77843

. SUMMARY

Photogeneration of hot electrons via exciton-to-hot
electron upconversion from Mn-doped
semiconductor nanocrystals and the application of
the upconverted hot electrons in catalysis have
been successfully demonstrated in recent years.'-
The upconversion occurs via the two-step process
involving the initial sensitization of Mn2* by exciton
followed by the Auger energy transfer from Mn2* to
the electrons in the host nanocrystals. Taking
advantage of the long lifetime of the excited ligand
field state of Mn2*, the generation of hot electron via
the upconversion can occur under weak continuous
wave (cw) excitation. (Fig. 1) So far, hot electron
upconversion has been demonstrated in several
host nanocrystals doped with Mn2* including [I-VI
and cesium lead halide quantum dots (QDs). In this
work, the effect of introducing a hole transport layer
between Mn-doped CdS/ZnS core/shell QDs and
ITO/glass substrate on the photoemission of the
upconverted hot electrons in vacuum was
investigated.

Il. RESULTS and DISCUSSIN

The Auger energy ftransfer in Mn-doped
semiconductor QDs is considered to produce
primarily hot electrons rather than hot holes,
although further studies are needed to explore the
possibility of hot holes generation. Therefore, we
consider the hole transfer in Mn-doped CdS/ZnS
QDs under hot electron upconversion condition to
be similar to that of conventional undoped QDs that
can be facilitated by the hole transport materials
commonly used in solar cell and light-emitting
devices. Here, we used poly(3,4-
ethylenedioxythiophene):  polystyrene sulfonate
(PEDOT:PSS) as the hole transport material to
fabricate the photocathode on ITO/glass substrate
and measured the hot electron photoemission
current as a function of the bias between the
photocathode and anode that forms a simple
vacuum tube structure. By comparing the bias-

dependent hot electron photocurrents from several
different  photocathodes with and  without
PEDOT:PSS, we obtained evidence for the
increased excess kinetic energy of the photoemitted
hot electrons from more facile removal of holes by
PEDOT:PSS. The decreased energy required to
eject the electrons from the conduction band of the
QDs by reducing the remaining positive charge
(hole) in the QDs was discussed as the origin of the
increased energy of the photoemitted hot electrons.
The results demonstrate the importance of the hole
transfer between Mn-doped QDs and the
surroundings on the energy of the upconverted hot
electrons that also bears an important practical
implication in their applications.

Figure 1: (a) Hot electron upconversion mechanism.
(b) Hot electron photoemission measurement setup.
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INFRARED SEES PROTEINS IN WATER, SENSITIVELY

Young Jong Lee, Bonghwan Chon, Seong-Min Kim
Biosystems and Biomaterials Division, National Institute of Standards and Technology

I. ABSTRACT

Infrared (IR) absorption spectroscopy has been
widely used to characterize the secondary structure
of proteins and polypeptides. In particular, the
amide | band is extensively studied because its
absorption cross section is high compared to other
functional groups, and more importantly, its
absorption peak width and position are unique for
different secondary structures, such as a-helices, B-
sheets, and random coils. The distinct spectral
features of the amide | band are so well
investigated that IR spectroscopy can be used to
measure semi-quantitatively the fractions of mixed
secondary structures. In addition to the amide |
band, analysis of broader IR absorption spectra of
other molecular vibrations enables Ilabel-free
chemical identification with the help of extensively
accumulated spectral libraries. This non-emission-
based approach can also provide absolute
concentrations of subcomponents from the Beer-
Lambert law. The SI (international system of units)-
traceable measurement can improve data
reproducibility and inter-laboratory comparability
significantly for measurement assurance.

Despite these many advantages, conventional
IR approaches to protein in aqueous solutions have
been significantly challenged because the strong IR
absorption of water overwhelms the limited dynamic
range of the detection system and thus allows only
a short path length and poor concentration
sensitivity. In this presentation, we demonstrate an
adaptive solvent absorption compensation (SAC)
approach can improve the concentration sensitivity
and extend the available path length by
distinguishing the analyte signal over the full
dynamic range at each wavelength. We present
QCL-based IR absorption spectra of hydrated
proteins from >100 mg/mL to < 0.02 mg/mL protein
concentration, allowing a three-orders of magnitude
enhanced signal-to-noise ratio in the amide | band
compared to the non-SAC results. We also present
new advancements in spectral range and speed of
absorption measurement. This simple optical
technique can be applied to other absorption
spectroscopies of analytes in strongly absorbing

solvents, allowing for enhanced sensitivity without
changing the detection system.

Conventional
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Figure 1: Comparison of IR transmission and
absorbance spectra of an identical protein solution
measured by conventional and new solvent
absorption compensated (SAC) methods.!
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Introduction advanced environmental risk assessment for pesticide
residues in environmental and AISS

Hyo sub Lee', Geonhee Jung', Taekkyum Kim!', Seojin Ki?, Sangik Seo?, Minho Son?
'Residual Agrochemical Assessment Division, Rural Development Administration(RDA), 2Department of
Environmental Engineering, Gyeongsan National University, ®Digitalplatform HQ, podo inc.

Abstract

The focus on pesticide safety has evolved beyond
food security and now encompasses considerations
for sustainable environmental management. The
monitoring for soil and water has carried out since
2018 more than 800 sites and appoximately 300
tested pesticides and metabolites in Korea. Risk
assessement were conducted for detected
compounds. Conventional methods for
environmental risk assessment such as Toxicity
Exposure Ratios (TER) and Risk Quotients (RQ) are
commonly employed, but their precision is notably
limited. Therefore methodological enhancements
were needed. This study has implemented
techniques such as principal component analysis
and cluster analysis using physicochemical
properties and toxicity data for pesticides, to refine
environmental risk assessment. The advanced

approach incorporates the identification and
validation of critical hazardous pesticides, and
compared to conventional methods, it offers

improved correlation and simplicity. To facilitate the
all of preocess, we have developed websystem
"Agricultural environmental Integrated Safety
management  System(AISS)",  designed to
streamline the process with a single click. Our study
marks a significant stride towards a more efficient
and accurate environmental risk assessment of
pesticides.
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Figure 1: Algorithm for developed environmental
risk assessment by PCA and cluster analysis
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Figure 2: Agricultﬁral environmental Integrated
Safety management System(AISS)
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. SUMMARY

New 2D with atomically thin crystals

Jiwoong Park
University of Chicago

6. Y. Zhong, B. Cheng, C. Park, A. Ray, S.

Two dimensional (2D) electron transport has been
one of the most important topics in science and
technology for decades. It was originally studied in
3D semiconductors and then continued in 2D van
der Waals (vdW) crystals. In this talk, | will start with
the large-scale processes for generating 2D
crystalline semiconductor films and superlattices
that could be used to fabricate atomically thin
integrated circuits [1-2]. Then we will discuss more
recent directions. | will discuss how we use these
2D materials to realize non-electronic 2D transport
phenomena observed from phonons [3], photons [4],
and mass [5], which could empower the
development of 2D phononics, 2D photonics, and
2D mechanics. | will end with discussing how one
can realize these properties using molecule-based
2D polymers and crystals [6].
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Vapor-Phase Anisotropic Polymer Particle Synthesis through
Condensed Droplet Polymerization

Kwang-Won Park’, Rong Yang"*
'School of Chemical and Biomolecular Engineering, Cornell University, Ithaca, NY 14853

I. Abstract

Anisotropic polymer particles exhibit interesting
physicochemical properties and can be assembled
into complex structures, compared to isotropic, i.e.,

spherical polymer particles. However, polymer
synthesis  strategies, such as  emulsion
polymerization, currently known for polymer

nanoparticles, cannot reliably create non-spherical
particles and may not be practical due to solvent
restrictions, low efficiency, and reaction time.
Recently, our group developed a rapid, solvent-,
and template-free synthesis of non-spherical
polymer particles through condensed droplet
polymerization (CDP).' Despite of the advantages
of CDP technique, the efficacy of radical species
based on different filament temperatures, which
influences on polymerization kinetics and particle
morphologies, were not fully understood.

Here, we present a systematic approach
through the CDP process at different filament
temperatures and working pressures to understand
the role of the radical species, i.e., tert-butoxy (t-
BuO) and methyl (CHs’) radicals originating from
tert-butyl peroxide (TBPO). We find that higher
filament temperatures lead to lower aspect ratio
with larger diameter polymer domes, while lower
filament temperatures result in higher aspect ratio
with smaller diameter polymer domes. Figure 1
illustrates the CDP process used to create various
morphologies of poly(benzyl methacrylate) domes
at different filament temperatures. This is attributed
to the different kinetics of CHs" radical species
generated at higher temperatures from the G-
scission reaction of -BuO- radicals.

In addition to the morphological
characterizations, chemical properties of polymer
materials, such as FT-IR, GPC, and MALDI-TOF,
provide more insight into free-radical polymerization
kinetics. Notably, we realize the capability of fine
tuning of polymer dome morphologies through
different CDP conditions, meaning that our
approach can be adapted to improve the industries,
such as nano-lens with various focal lengths, drug
delivery with enhanced hydrodynamic properties.
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Figure 1: Schematic of CDP process to synthesis
polymer domes with various morphologies at
different filament temperatures (Tri).
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Molecule Electronics

Woojung Lee'

Iron-Gold Contacts: An Effective Linker for Ferrocene-Based Single-

'Department of Chemistry, Columbia University, New York, New York, 10027, United States

The structure and geometry of the interfacial
electrode-molecule contacts play a significant role
in controlling the stability, conductance, and
variability of single-molecule junctions. Though
organic groups such as thioethers, amines, and
phosphines are known to form robust linkages in
measurements using the scanning tunneling
microscope-based break-junction method, it is of
significant interest to expand the known library of
suitable contacting moieties to provide new
opportunities in the tunability and functionality of
molecular components. Recent studies have
reported bonds between the ferrocene iron center
and other metals (Pd, Co, etc.) in derivatives where
there are additional coordinating groups attached to
the cyclopentadienyl rings. Here we explore the
electron transport properties of ferrocene-containing
wires and show evidence that the iron atom can
itself function effectively as a contact group through
direct metal-electrode binding, but only when it is in
the formal 3+ oxidized state. Through a series of
control measurements and density functional theory
calculations, we confirm that the iron-gold bond can
provide a chemical link between the metal
electrodes and the molecular backbone in ferrocene
junctions. These findings also provide a robust
method of controlling the bond between the
ferrocene iron center and the Au electrode using
simple electrochemical manipulations.

We have measured the conductance of single-
molecule junctions formed with a Fe-Au in
ferrocene derivatives using the scanning tunneling

microscope-based break-junction (STM-BJ) method.

Through this study, we confirm that the Fe-Au bond
is formed only when the ferrocene is in an oxidized
state. Our calculations suggest that the half-filled
frontier orbital of oxidized ferrocene derivatives
enables a Au atom to share an electron covalently.
Remarkably, molecular junctions through the Fe-Au
bond exhibit a high conductance that may be
switched on and off through electrochemical
methods, offering new avenues to control and
switch the geometry of a molecule in a junction.

This work sets the path to achieving versatile and
higher-conducting ferrocene-based electronics that
were previously inaccessible with organic linkers.
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Figure 1: (a) Left: Schematic of a single-molecule junction
formed with 1 between two Au electrodes during scanning
tunneling  microscope-based break junction (STM-BJ)
measurements. Right: The electron configurations within frontier
orbitals of a ferrocene (Fc) and a Au atom (Au®) for a neutral
(blue) and oxidized (red) Fc. (b) Chemical structures of 2 and 3,
and their experimentally accessible junction geometries; S and L
denote “short” and “long” junction geometries of each derivative,
respectively.
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Generalized Understanding of Double Layer for Concentrated Aqueous
Electrolytes and lonic Liquids

Suehyun Park!, Jesse McDaniel’
'Department of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332

. SUMMARY

Electrical double layer (EDL) is a unique
structure found at the interface of electrolyte and
electrode. EDL modulates its structure in response
to the applied voltage, and the structural change
alters the charge/electron transfer required for
electrosynthesis and electrocatalysis'. To probe the
structural response of EDL with respect to applied
voltage, the differential capacitance measurement
is one of the oldest and still most widely used
techniques. The standard model of the capacitance
profile for aqueous solutions is the Gouy-Chapman-
Stern (GCS) theory?, which successfully predicts
the key feature, the minimum near the potential of
zero charge (PZC) at dilute solutions (~ 1mM). At
high ion concentration, the voltage-independent
capacitance profile predicted by the GCS theory
doesn’t resemble experimentally observed profiles
of disappearing minimum near the PZC. Here, we
propose and validate the generalized Helmholtz
model that well describes the capacitance profiles
for concentrated aqueous electrolytes and ionic
liquids.

(a) Bell-shaped curve
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Figure 1: Generalized Helmholtz model. (a) Bell-
shaped capacitance curve (b) Camel-shaped
capacitance curve.
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The generalized Helmholtz model explains the
two most representative capacitance curves, bell-
shaped and camel-shaped curve, for concentrated
aqueous electrolytes and ionic liquids by
incorporating the voltage-dependent dielectric
response and the voltage-dependent thickness of
the inner layer.

Ae(V)
L)

where A is the surface area of the electrode,
e(V) is the voltage-dependent dielectric response,
and L(V) is the voltage-dependent thickness of the
inner layer.

To validate the model, we ran molecular
dynamics  simulations of three different
electrochemical interfaces: Au(100)/1M [Na*][CI]
interface, Au(100)/[BMIM*][BF4] interface and
graphite/[BMIM*][BF47] interface. The Au(100)/ 1M
[Na*][CI] interface exhibits the bell-shaped
capacitance curve, with a peak at negative voltage
and the decrease of the capacitance value at
positive voltage. The trend of (V) is consistent with
the capacitance profiles, while L(V) is invariant to
the applied voltage. The Au(100)/[BMIM*][BF4]
interface also exhibits the bell-shaped capacitance
profile near the PZC and the invariant thickness of
the inner layer. Lastly, the graphite/[BMIM*][BF4]
interface shows the camel-shaped capacitance
curve with a local minimum near the PZC and two
peaks on either side of the minimum. The local
minimum of the capacitance curve is induced by the
maximum of the inner layer thickness near the PZC,
which results in the camel-shaped capacitance
curve. Therefore, three electrochemical interfaces

cW) =

that we investigated follow the generalized
Helmholtz model.
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GMsHDG method for nonlinear porous media

Minam Moon'
'Korea Military Academy

I. SUMMARY

We present a generalized multiscale hybridizable
discontinuous Galerkin method for nonlinear prorous
media. We give projection-based error analysis on
the GMsHDG method to numerically solve a
nonlinear parabolic problem. Through representative
numerical experiments, we confirm the reliability of
the error estimations and show that the proposed
method is practical and efficient.

Il. Analysis on GMsHDG method
A. Model problem

u(x,t) = V- (K (x, )V u(x, t)) = f(x,t)
with the homogeneous boundary condition and
initial condition.
B. Assumptions

Assumption 1. A is chosen in such a way that
there exist constants C;, C,, C5, and C, such that for
all u € R, we have the following inequalities:

M o0<C < a)< G <o,

(2) —0o< C3<0,a(u) <Cyp <0
We further assume that both a(u) and d.a(u) are
Lipschitz continuous.

Assumption 2. On each coarse-grid edge F; € ey,
we assume that the exact solution u and time
derivative d,u have spectral expansions as:

w06 6) = ) uy OV, e t) = D uf(OW)

] ]
where 1/;1‘3 is j-th eigenfunction of the local problem.
C. Main results

Theorem 3. Under Assumptions 1 and 2,

forall 0 <s <k+1, we have
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lll. Numerical Results

We present representative numerical results to
illustrate the applicability of the GMsHDG method for
nonlinear equations.

1
08 959 09 0.025
08 008 08
0 ¥ 0.07 o 02
08 1008 06

0015

05 005 05
04 004 04 o
03 003 03
02 002 02 0.005
01 001 04

o
0 0 o
o 4 (] 02 04 05 08 1
x x

(b) Multiscale solution with Dim.= 180

i 009 4
08 08 009,
008
08 08 008
007
07 07 e
008
08 06 0108
1005
=05 =05 005
4
04 o2 04 004
03 083 03 0.03
02 002 02 0.02
01 001 01 001
) 0 0 o
o 0 02 04 06 08 1
x x
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Figure 1: Comparison of the multiscale solutions
with the reference (fine-scale) solution

Table 1 : Error table

Dim. lluf, — ugll o2 llgn — qullio2
180 0.7157 0.8655
360 0.0750 0.3537
540 0.0350 0.2902
720 0.0320 0.2460
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An Efficient K-way Constrained Normalized Cut and its
Connection to Algebraic Multigrid Method

Young Ju Lee’, Ivan Ojeda-Ruiz’ and Jia Jiwei?

Texas State University, 2Jilin University

. SUMMARY

Normalized Cut (NCut) discourages the isolated
segmentation that may result from the standard
minimum Cut by adding a volume constraint. Such
a volume constraint introduces a significant
computational challenge. In this paper, we
propose the K-way constrained Normalized Cut
(K-way CNCut). It is formulated as the minimum
Cut with a priori chosen constraints or
representatives for the cluster. We provide a
measure that can assess if the selected
constraints can replace the volume constraint as
well. For a special case when a single constraint
is given as a representative of a single cluster, the
K-way CNCut is discovered to have a link with the
construction of the prolongation operator in the
algebraic multigrid method' for the normalized
Graph Laplacian. We show how successful
multiscale image segmentation?® can be
understood in the framework of the K-way CNCut
as well. In particular, we show how the multiscale
graph coarsening algorithm can be used to

construct a set of constraints for the K-way CNCut.

A number of numerical experiments are presented
to demonstrate the effectiveness of the proposed
framework.

(a) Lion. (b) Segmentation of the lion
with automatic constraints for
5= 11 in Algorithm 6.

(c) Segmentation of the lion (d) Segmentation of the lion
with removed boundaries (con-  with removed boundaries (con-
straints included). straints not included).

Figure 1: Sample results from K-way CNcut
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The moduli space of holomorphic chains of rank one over a compact

Riemann surface

JinHyung To
Indiana University Bloomington

I. SUMMARY

A holomorphic chain on a compact Riemann surface
is a tuple of vector bundles together with homomor-
phisms between them. We show that the moduli space
of holomorphic chains of rank one is identified with a
fiber product of projective space bundles.

II. INTRODUCTION

Let X be a compact Riemann surface of genus g > 0.

Definition A holomorphic chain C on X is a

tuple (Ep, ..., Epn;¢1,...,0,) of vector bundles to-
gether with the homomorphisms ¢; E;, —
B,y for i = 1,..,n. The tuple t =

(rk(Ey), ...,tk(E,,); deg(Eyp), ...,deg(Ey,)) is called the
type of the holomorphic chain C. A subchain of C is a
holomorphic chain (Fu, ..., Fy; ¢1|F1, ..., dn|Fy), where
F; C E; is a subsheaf such that ¢;(F;) C F;_; for
1<1<n.

A map from C = (Ey,...,En;¢1,...,0n) to C' =
(Fo, ..oy Fryth1, ..., 10y) is a tuple of vertical maps f; :
E; — F; for i = 0,...,n such that ¥, f; = fi_1¢; for
i=1,...,n. It is an isomorphism if all f;’s are isomor-
phisms.

Given a chain C of type (ro,...,7n;do,...,d,) and a
vector a = (ap, g, ..., ) € R"1 the a-slope of C
is the fraction pq (C) = %jﬁ” A chain C'is a-
stable (a-semistable) if ua(é”) < 1a(C) (ua(C) <
e (C)) for all proper subchains C’, ie., C' #
(0,-++,0;0,---,0) and C" # C.

The moduli spaces of holomorphic chains are con-
structed in [Sch]. As a set the moduli space of holo-
morphic chains is the set of isomorphism classes of
holomorphic chains. It is a projective variety.

III. MAIN RESULT

Let M2, (t) be the moduli space of a-stable chains
of type t = (rg, ..., n;do, ..., dy) over a compact Rie-

mann surface X of genus g.

By the deformation theory of holomorphic chains
([AGS], Theorem 3.8), the dimension of M3, (t) at a
smooth point C' in M (¢) is given by the formula
dime ME(8) = (9 — 1) (Xilo 77 — Xoimy ririe1)

+ i (ridioy — rioadi) + 1.

From now on we assume that ¢t = (1,...,1;do, ..., d,)
unless otherwise stated. Then the open convex poly-
hedral cone H C R" is determined by the inequal-
ities (n — )Y o — (E+1)> 0 an < (i +
DS — (n—i) Y _gdy for i =0,...,n — 1.

Let £; be the poincaré bundle over Pic%—17% (X) x
X. The pushforward viL; is a coherent sheaf
over Pic%~17% (X)), where 1/ is the projection map
Picti-17% (X)) x X — Pic%-17%(X). Now consider
the pullback sheaf ;vil;, where @; : Pico (X) x
Pic™ (X) x -+ x Pic™(X) — Pic7%(X) is the
map defined by ¢;(Lo, ..., L) = Li_lLi_l.

Theorem Let t = (1,1,...,1;do,ds,...,d,). Assume
that d;_1 —d; > 29 — 2 for all ¢ = 1,...,n. Then
for a in I{7 M;(t) = PEl Xz PEQ Xz Xg PEn,
where E; = iviL; for i = 1,2,..,n and Z =
Pic®(X) x Pic™ (X) x - -- x Pic?" (X).
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Inference about differences in predictive skill between infectious
disease forecasting models

Dongah Kim', Nicholas G. Reich, Evan L. Ray"’
"University of Massachusetts, Amherst

. SUMMARY

We introduce inferential procedures for comparison
of predictive accuracy of forecasts from a pair of
models for multiple locations, multiple forecast
creation dates, and multiple horizon forecasts. In the
past, hypothesis test methods have been developed
in the literature to compare the predictive accuracy
for cross-sectional or multi-horizon forecasts.
However, there are no test methods that compare
cross-sectional and multi-horizon forecasts together.
For this task, we adopted both Autoregressive
Heteroskedasticity (ARH) and Bayesian dynamic
factor analysis (DFA). Since ARH model is for time
series data and dynamic factor analysis only
considers time and location, we expanded the
analysis by incorporating a horizon.

AL AL AN AL AN

IR—
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Figure 1 : Daily COVID-19 Incident Hospitalization :
observed and forecasted — We can observe the
presence of heteroskedasticity in the scores across
various locations and horizons.

Il. Methods

we propose two approaches for comparing forecast
performance. The first approach is relatively
straightforward and allows for the application of
various test methods. In this approach, we aggregate
the data by forecast date, simplifying the analysis to
one-dimensional data instead of three-dimensional
data. However, this approach may result in the loss
of valuable information and statistical power. We are
using Diebold and Mariano test (Diebold & Mariano,
2002) and Multi-Horizon Forecast Comparison
(Quaedvlieg, 2021).

To address this limitation, we also explore a more
complex method for comparing forecast
performance. We employ a Bayesian autoregressive
heteroskedasticity dynamic factor analysis model
(ARH DFA) to estimate the mean difference in the
data (Engle, 1982). Although this method is more
intricate and computationally intensive, it enables us
to account for correlations across all three factors:
time, location, and horizon.

lll. Simulation Study

Our simulations were conducted to assess the
performance of the proposed methods in various
scenarios. We performed two simulations: one to
evaluate the performance of the Diebold-Mariano
(DM) test and bootstrap-based test, and the other to
estimate the intercept using the Bayesian ARH DFA
model. In order to create complex and realistic data,
we generated data from the Bayesian ARH DFA
model.

Table 1: Type | error rate with nominal a = 0.05 from
1000 simulations

df |3 5 10 |15 |20 |25 |30
2 0272|0234 [0.164 | 0.129 | 0.050 | 0.023 | 0.130
10 | 0.266 | 0.241 | 0.169 | 0.137 | 0.055 | 0.021 | 0.140
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Exploring Dynamics of HIV Infections: An Analysis of the Susceptible-
Infected-Virus Model in Deterministic and Stochastic Forms

Jangwoon Lee
University of Mary Washington

SUMMARY

In this paper, we explore the application of the
Susceptible-Infected-Virus (SIV) model to study the
dynamics of Human Immunodeficiency Virus (HIV)
infections. The SIV model is a compartmental
model that describes the within-host dynamics of
viral infections. We analyze the model in both its
deterministic and stochastic forms. Initially, we
provide analytical solutions for two simplified
versions of the deterministic model. Subsequently,
we utilize numerical methods to investigate the
complete deterministic and stochastic systems. The
obtained results offer an illustrative depiction of the
population dynamics of HIV within the host in the
absence of treatment. Furthermore, they highlight
the influence of randomness on the progression of
the disease.

I. HIV MODEL
ﬁ =\ —dS —kVS,
i
ﬂ = LVS — 41,
i
ﬁ = Npdl — eV,

ot

where S is the number of healthy cells, / is the
number of infected cells, V is the number of free
virus particles, A is the healthy T-cell growth rate, d
is the healthy T-cell death rate constant, k is the
infection rate constant, & is the infected cell death
rate constant, N; is the virus production rate
constant (per infected cell), and c is the viral
clearance rate constant.

Il. ANALYTICAL SOLUTIONS
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lll. NUMERICAL SOLUTIONS
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Rigidity of Steady Solutions to the Navier-Stokes Equations in High
Dimensions

Jeaheang Bang', Changfeng Gui', Hao Liu?, Yun Wang?, Chunjing Xie?
"The Department of Mathematics, the University of Texas at San Antonio,
2School of Mathematical Sciences and Institute of Natural Sciences, Shanghai Jia Tong University,
3School of Mathematics, Soochow University

. SUMMARY

Solutions with scaling-invariant bounds, such as
self-similar solutions, play an important role in the
understanding of the regularity and the asymptotic

structure of solutions for the Navier-Stokes problem.

| will present our recent work where we prove that
any steady solutions satisfying |u(x)| < % in R™\

{0}, n = 4, are trivial.

Our main idea is to analyze the velocity field
and the total head pressure via weighted energy
estimates with suitable multipliers. The proof is
somewhat elementary and short. These results not
only give a Liouville-type theorem for steady
solutions in higher dimensions with neither
smallness nor self-similarity assumptions but also
help remove possible singularities of solutions.

Il. A Scaling Property

The Navier-Stokes equations are one of the most
important equations in fluid mechanics, and it has
attracted so much attention from many researchers.

Due to its nonlinear character, the equations satisfy
a scaling property. Motivated by it, one can assign
scaling dimensions to the spatial variables, time
variable, velocity and pressure fields. According to
the scaling-dimensions, the stationary five-
dimensional case has the same scaling dimensions
as the non-stationary three-dimensional case.
Hence it is meaningful to consider the stationary
five-dimensional case, or even higher-dimensional
case.

Again, motivated by the scaling property, one can
consider self-similar solutions, or scaling-invariant
solutions, to the Navier-Stokes equations in order to
study the regularity of a solution in general.

lll. Rigidity of Steady Solutions

Tsai and Sverak proved the triviality of stationary
self-similar solutions to the Navier-Stokes equations
in higher dimensions removing a possible scenario
of singularity.

We extended this result to a more general class of
solutions.
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Reconstruction of the shape and boundary condition in inverse scatter-
ing for an obstacle with partial generalized impedance boundary

Heejin Lee!
'Department of Mathematics, Purdue University, West Lafayette, IN, 47906, USA

l. Introduction

Inverse scattering theory is concerned with deter-
mining properties of an object, such as its shape
and boundary coefficients, based on the measured
data of how it scatters incoming waves. This type of
problem occurs in various areas of application, such
as medical imaging, geophysical exploration, and
non-destructive testing. Mathematical methods
such as linearization, nonlinear optimization, and
qualitative methods have been developed to solve
the inverse scattering problems, which are nonlin-
ear and ill-posed in nature.

Il. Theoretical Background

Linearization methods such as the Born approxima-
tion were considered to stabilize the problem and
approximate solution by reducing the nonlinear in-
verse problem to a set of linear integral equations
under some conditions that are not generally satis-
fied. These methods are easy to implement due to
their mathematical simplicity, but the nonlinear na-
ture of the problem, such as multiple scattering ef-
fects, is ignored, and hence the model may be in-
correct.

Efforts to avoid linearizing the problem gave rise to
the development of nonlinear optimization methods,
which are iterative and typically reconstruct all the
unknowns with possible little data. They require the
solution of the direct problem at each iteration and,
in addition, strong a priori information and accurate
models that are generally not possible and numeri-
cally expensive.

Qualitative methods such as the linear sampling
method, the factorization method and the general-
ized linear sampling method have been developed
to overcome these drawbacks, which avoid incor-
rect model assumptions and require little a priori
information about the scattering object such

as its shape or estimates on its constitutive material
properties.

. Summary

We consider the inverse problem of recovering the
shape and boundary coefficients of an obstacle
from far-field measurements of the scattered field.
More specifically, the scatterer is impenetrable with
Dirichlet boundary condition on a part of its bound-

ary and anisotropic generalized impedance bound-
ary condition on the complementary boundary(see
Figure 1). The latter is an approximate model for
complicated thin anisotropic, absorbing layer and is
given as a second-order surface differential opera-
tor. A deep analysis of the far-field operator (other-
wise known as the relative scattering operator) for
this scattering problem leads to unique determina-
tion results and reconstruction methods for the
shape of the scatterer as well as the boundary coef-
ficients. Our reconstruction method is non-iterative
and uses no a priori information on the topology
and physics of the unknown object. This inversion
approach is mathematically rigorous, it resolves
nonlinear information from the range properties of
the linear far-field operator, and it is easy to imple-
ment.

Figure 1: An obstacle partially coated by a thin layer
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Recent Development of Bayesian Joint Modeling for Medical Sciences

Seongho Song', Anushka Palipana?, Chen Zhou?, Rhonda Szczesniak?
"Division of Statistics and Data Science, University of Cincinnati, 2Division of Biostatistics & Epidemiology,
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. SUMMARY

Joint modeling has been a useful strategy for
incorporating latent associations between different
types of outcomes simultaneously, often focusing
on a longitudinal continuous outcome characterized
by a Linear Mixed Effect (LME) sub-model (i) with a
terminal-event subject to a Cox proportional hazard
or parametric survival sub-mode, and (ii) with a
binary process, which is commonly specified by a
Generalized linear Mixed Model (GLMM). In
addition to (ii), only some joint models have allowed
for investigations of nested effects, such as those
arising from multi-center studies. In this talk, we will
discuss the recent development of Joint model in
Bayesian Statistics perspective for medical studies.

Il. Models

A. Joint Model with LME sub-model and Survival
sub-model

We propose the joint modeling with a longitudinal
sub-model for the biomarker measurements and a
survival sub-model for assessing the hazard of
events can alleviate measurement error issues, and
to estimate both between and within-patient
heterogeneity in biomarker trajectories, we use
longitudinal sub-model with scaled integrated
fractional Brownian motion (IFBM).

B. Joint Model with LME sub-model and GLMM for
hierarchically structured data

We propose a multi-level joint model that
encompasses the LME sub-model and GLMM
through a Bayesian approach. Motivated by the
need for timely detection of pulmonary exacerbation
and characterization of irregularly observed lung
function measurements in people living with cystic
fibrosis (CF) receiving care across multiple centers,
we apply the model to the data arising from US CF
Foundation Patient Registry.

lll. Applications

A. NHLBI LAM regqistry data

We apply the proposed model to the NHLBI
Lymphangioleiomyomatosis (LAM) registry, which
enrolled women with LAM (98-03). Select
demographic and clinical characteristics were
collected approximately every 12 months. Among
the 246 participants, 16 (6.5%) were excluded from
our application due to a partially substantiated or

unverified LAM diagnosis, and another 13 (5.3%)
who received a lung transplant prior to follow-up
were omitted from the analysis.

Predicted FEV1
Predicted FEV1
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b
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Figure 1: Plot of observed vs. predicted FEV1 values using a)
IFBM, b) IOU, and c) random effects models for NHLBI LAM
registry data.

B. CF registry data

The analysis cohort for this application consists of
381 CF patients who contributed a total of 9,209
observations across five centers from CF
Foundation Patient Registry.

Observed FEV1
©

Figure 2: Observgam;;p-xlt-'mEW (left panel) ancmlngéng?ty of PEXx (right
panel) against time since the first PEx occurrence in years for
Model B.
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Bayesian Clustering Factor Model

Hwasoo Shin, Marco A. R. Ferreira, Allison N. Tegge
Virginia Tech

l. Introduction

Factor models are useful tools to reduce
dimensionality of a multivariate dataset. In addition,
Gaussian mixture models may find latent clusters
among the observations. In our paper, we introduce
the Bayesian Clustering Factor Model (BCFM) that
performs at the same time dimension reduction and
clustering.
Il. i. Model Description

The data we consider has n observations and R
variables. The ith observation y; follows the factor
model

yi = Bx; +v;,
where B is the matrix of factor loadings of size R X F,
x; is the F-dimensional vector of common factors of
the ith data, and v; is the error vector of length R. We
assume the data points are independent, and
therefore v; ~ N(0,V) , where V = diag(c?, ..., 0%).
Given the cluster assignment z; =k, the ith x;
common factor follows
K

Z PN (e, )
{k=1}
where p(z; = k) = py, niis the cluster mean, and Q,
is the cluster covariance.
Il. ii. Model Identifiability

To guarantee that the BCFM is identifiable, we
assume the following constraints: (i) The matrix of
factor loadings respects a structural hierarchical
constraint (Aguilar and West, 2000); (ii) The cluster
probabilities are in descending order p; > -+ > pg
and (iii) the covariance of the first cluster Q, is
diagonal.
lll. Model Selection

We use the Metropolis-Laplace estimator of
marginal density (Lewis and Raftery, 1997) to select
the numbers of factors and clusters. Here, we
integrate out x; and z; to obtain the integrated
likelihood. The approximate marginal density is

d 1
(2m)z|®2p(Y|B,V, 1, 2,p)p(B,V, 1, ©, p),

where p(Y|B,V, 11, Q,p) is the integrated likelihood,
p(B,V, i, Q,p) is the prior, d is the number of free
parameters, and W is the posterior covariance matrix
of the parameters.

X;|z; = k ~ N(wg, Q) , x; ~

IV. Simulation Results

We simulated a dataset with K = 4 clusters and
F = 3 factors. We then fitted BCFMs with 1 to 4
factors and 1 to 5 clusters.

Model | 1 Factor | 2Factors | 3Factors | 4 Factors
1Cluster | -41792 | -21875 | -14974 | -14971
2Clusters | -41822 | -21259 | -13943 | -13948
3Clusters | -41741 | -20688 | -13255 | -13254
4 Clusters | NA -20625 | -13172 | -13183
5 Clusters | NA -21441 | -13221 | -13189

Table 1: Simulated dataset — marginal density

(A) Mean of factor 1

(B) Mean of factor 2

(C) Mean of factor 3

Density

Figure 1: Simulated dataset- cluster means p
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Rational approximation for the fractional diffusion

Seungil Kim', Thomas Hagstrom?
'Kyung Hee University, 2Southern Methodist University

I. SUMMARY

In this talk we study a numerical method to solve
the fractional Poisson equation in a bounded Lip-
schitz domain. Since the fractional power is a Mar-
kov function, we can use the rational approximation
theory to find rational approximants converging to
the fractional power function exponentially at the
optimal rate e~“" for some positive constant ¢ in
terms of the order n of rational functions. By replac-
ing the fractional power of the Laplacian with ra-
tional approximants, we end up with a set of simple
elliptic boundary value problems, which can be
solved efficiently due to the parallel structure. We
present the algorithm to solve the fractional Laplace
equation and the convergence analysis together
with numerical examples confirming the conver-
gence theory.

. RATIONAL APPROXIMATION FOR THE
FRACTIONAL LAPLACE OPERATOR

A. Optimal rational approximation
For 0 <a <1, the fractional function f(1) =A17¢
can be written as a Markov-type function

1 = sin(ra) f0 |x|~% dx,
m —® A-x

which is called Balakrishnan formula. It is shown in
[1] that there exists a sequence of rational approxi-
mants 7, in R, (the set of rational functions whose
numerators and denominators are of degree < n),

which converge at the optimal rate

. 1/2n _
7111_{130 “f - rn”[a'b] =p,

where [a, b] is a spectral interval of interest and p is
a positive constant determined by the conformal
mapping from the doubly connected domain C\
([a, bp]U(—,0]). The interpolating nodes for the
optimal rational approximants can be found by us-
ing elliptic functions analytically or by using Remez
algorithm numerically.

B. Algorithm
To find the solution u = f(—A)g to the fractional dif-
fusion problem
(-))%*u= g inQ
u =20 onadqQ,

we replace f(A) with r,,(1) and rewrite it as a sum-
of-poles representation

u=(yo+ X1 v;(-A+0) g,
for some constant poles —o; and residues y;. The
obvious advantage of this algorithm is that the non-
local problem is transformed into decoupled elliptic
boundary value problems, which are embarrassing-
ly parallel.

lll. NUMERICAL EXPERIMENTS
As an example we consider a fractional diffusion
problem in Q = (0,1)% with « = 1/3. We set g to be

I ((m? +n2)n2)1/3
g(x'y) — anm=1 m+n

so that the exact solution u is given by

u(x,y) = Zz‘mzlﬁsin(mnx) sin(nmy)
The following plots illustrate the convergence of
relative L? errors of finite element approximations of
mesh size h with respect to order n of optimal ra-
tional approximations.
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Figure 1: Relative L? errors of finite element approx-
imations vs. order n of rational approximations.
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Herbal Extracts from Lycii Radicis Corex and Achyranthes Japonica Prevent
Multiple Myeloma.

Donghoon Yoon
Myeloma Center, the University of Arkansas for Medical Sciences, Little Rock, AR

Multiple Myeloma (MM) is a plasma cell malignancy that, despite advances in treatment, remains
incurable. In over 90% of MM patients, aberrant bone remodeling occurs and results in osteolytic lesions.
Korean traditional medicine has a long-standing interest in healthy foods to enhance the immune system,
energy-boost, and Yin-and-Yang balance. Traditional medicine has used herbal extracts (HE) from natural
plants with fewer side effects and long-term treatment tolerance. In earlier studies, lycii radices cortex
(LRC) and achyranthes japonica (AJ) containing herbal extracts (HE) have demonstrated the ability to
enhance cell growth and mineralization of osteoblast cells while also inhibiting osteoclast differentiation.
The current study investigated the effects of LRC+AJ containing HE on murine 5TGM1 MM-bearing
mice. Our data demonstrated that the HE significantly increased the mouse survivals of both treatment
conditions (Treatment before Transplant, (TbT), and Treatment after Transplant, (TaT), with median
survivals of undetermined and 52.5 days, respectively, while MM control had a median survival of 42 days.
The Mantel-Cox test found that TbT and TaT mice were significantly different from the control group
(P=0.0014 and 0.0182, respectively). In histomorphometric analysis, the spines were scanned by micro-
CT and revealed that TbT and TaT groups had significantly increased bone volume over total volume
(BV/TV) than control. To see if HE affects the cell growth of myeloma cells and osteoblast cells, we further
investigated the HE on preosteoblast cell line MC3T3-E1, mouse MM cell line 5TGM1-Luc, and human MM
cell line U-266. Cells were treated with HE, and viability was assessed at 48 and 96 hours post-treatment.
HE increased MC3T3-E1 cell growth while it decreased 5TGM1 and U-266 cell viability. We identified the
DAP3G in HE, which was found as a responsible factor for bone formation in the previous study.
Furthermore, we identified unique changes in the gut microbiome and short-chain fatty acids of the
survived mice.
Our results demonstrated that LRC+AJ HE delays/inhibits MM progression that three different
mechanisms may drive; i) promotes bone formation, ii) suppresses myeloma cell growth and enhances
osteoblast cell survival/differentiation, and iii) changes in the gut microbiome.
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High extracellular glucose promotes cell motility by modulating cell
deformability and contractility via cAMP-RhoA-ROCK axis in human
breast cancer cells
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. ABSTRACT

The mechanical properties, or mechanotypes,
of cells are largely determined by their deformability
and contractility. The ability of cancer cells to
deform and generate contractile force is critical in
multiple steps of metastasis. Identifying soluble
cues that regulate cancer cell mechanotypes and

understanding the underlying molecular
mechanisms regulating these cellular
mechanotypes could provide novel therapeutic

targets to prevent metastasis.

Glucose levels vary from blood circulation (5.5
mM) to normal tissues (1 — 3 mM) to tumor tissues
(<0.5 mM). Cancer cells adapt to these different
glucose levels by reprogramming their metabolism.
Such metabolic reprogramming can impact cancer
cell behaviors including growth, epithelial-
mesenchymal transition, and invasion. Several
clinical studies of breast cancer patients also have
shown that high glucose levels (>7 mM) are
associated with poor prognosis. Although a strong
correlation between high glucose level and cancer
metastasis has been demonstrated, the causality is
not elucidated, and the underlying molecular
mechanisms remain largely unknown.

In this study, using novel high-throughput
mechanotyping assays, we show that human breast
cancer cells become less deformable and more
contractile with increased extracellular glucose
levels (>5 mM) in a concentration-dependent
manner. These altered cell mechanotypes are due
to increased F-actin rearrangement and non-muscle
myosin Il (NMII) activity. We identify the cAMP-
RhoA-ROCK-NMII axis to play a major role in
regulating cell mechanotypes at high extracellular

glucose levels, whereas calcium and myosin light
chain kinase (MLCK) are not required. The altered
mechanotypes are also associated with increased
cell migration and invasion.

Our study identifies key components in breast
cancer cells that convert high extracellular glucose
levels into changes in cellular mechanotype and
behaviors relevant in cancer metastasis. Such
mechanistic understanding will provide a framework
for integrating drugs for glucose control and
mechanotype regulation into existing treatment
strategies to control metastatic cancers.
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Neck Squamous Cell Carcinoma (HNSCC)

Bok-Soon Lee'2, Ji-Hye Choi3, Hyun Goo Woo?, Chul-Ho Kim?, and Jiyoung Lee'#*
" Department of Biochemistry and Molecular Medicine, School of Medicine and Health Sciences, The George
Washington University, Washington, DC 20037, USA
2 Department of Otolaryngology, Ajou University School of Medicine, Suwon, Republic of Korea
3 Department of Physiology, Ajou University School of Medicine, Suwon, Republic of Korea
4 GW Cancer Center, School of Medicine and Health Sciences, The George Washington University,
Washington, DC 20037, USA

I. Introduction

Head and Neck Squamous Cell Carcinoma (HNSCC)
is the 6" most abundant cancer type in the world and
is responsible for upwards of 270,000 annual deaths
globally. Fewer than 10% of patients with metastatic
HNSCC survive beyond 5 years, indicating
metastatic and recurrent HNSCC needs clinical
attentions. Here we investigate  altered
transcriptional networks in HNSCC compared with
normal tissues in order to understand fundamental
biology of HNSCC, focused on tumor metabolism.

Methods: Transcriptomic  profiling using high
throughput RNA-sequencing of HNSCC tumor
tissues and paired normal tissues isolated from
cancer patients (n=16) identified a de novo
cholesterol/sterol biosynthesis pathway by Gene Set
Enrichment Analysis (GSEA). Silencing of 24-
dehydrocholesterol reductase (DHCR24) that are
enriched in the cholesterol/sterol biosynthesis
pathway was achieved by introducing siRNA, shRNA,
and small inhibitory molecules in human HNSCC
cells for functional studies.

Results: Genes expression of DHCR7/24 involved
in de novo cholesterol pathway is associated with
poor prognosis of head and neck cancer patients
using The Cancer Genome Atlas (TCGA) data.
Enriched expression of DHCR7 and DHCR24 was
validated by immunohistochemistry (IHC) assays in
tumor tissues from patients. In parallel, single cell
RNA-sequencing (ssRNA-seq) analysis of HNSCC
tumors (n=24) supported that DHCR7/24 expression
is exclusively high in tumors not in immune cells.
Silencing of DHCR24 by siRNA or a small inhibitory
molecule Triparanol and SH-42 decreased cell
viability and proliferation of HNSCC cells.

Conclusions: We observed that HNSCC tumors
shows enriched cholesterol biosynthesis pathways.
HNSCC expresses higher DHCR7/24 mRNA than
normal tissues and indicate poor prognosis of
patients. Targeting DHCR7/24 using genetic or
pharmacological tools impairs viability of HNSCC,
suggesting DHCR7/24 is a potential therapeutic
target to manage patients with HNSCC.

Il. ILLUSTRATIONS
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Figure 1: Transcriptomic profiling indicating altered
metabolic pathways in HNSCC and normal control
tissues from patients (n=16).
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Metabolic Vulnerabilities of Squamous Cell Carcinoma

Jung-whan Kim
University of Oklahoma Health Science Center, Oklahoma City, OK 73117 USA

Squamous cell carcinoma (SCC), a malignancy
arising across multiple anatomical sites, is
responsible for significant cancer mortality due to
insufficient therapeutic options. Here, we identify
exceptional glucose reliance among SCCs dictated
by hyperactive GLUT1-mediated glucose influx.
Mechanistically, squamous lineage transcription
factors p63 and SOX2 transactivate the intronic
enhancer cluster of SLC2A1. Elevated glucose influx
fuels generation of NADPH and GSH, thereby
heightening the anti-oxidative capacity in SCC
tumors. Systemic glucose restriction by ketogenic
diet and inhibiting renal glucose reabsorption with
SGLT2 inhibitor precipitate intratumoral oxidative
stress and tumor growth inhibition. Furthermore,
reduction of blood glucose lowers blood insulin levels,
which suppresses PI3K/AKT signaling in SCC cells.
Clinically, we demonstrate a robust correlation
between blood glucose concentration and worse
survival among SCC patients.

Targeting altered glucose metabolism in cancer cells
has resulted in varied and unsatisfactory outcomes
Among multiple factors preventing effective
therapeutic responses, a poorly understood tumor-
intrinsic metabolic heterogeneity across different
cancers may preclude effective therapeutic
strategies to target cancer metabolism. Here, we
uncover a previously unrecognized metabolic
reliance and vulnerability distinctively embedded
across all SCCs, in which the major glucose
transporter GLUT1 is exceptionally overexpressed
through the squamous lineage-specific
transcriptional network, p63 and SOX2. Enhanced
GLUT1 expression is linked to an exquisite reliance
on glucose for survival and tumor growth in SCC.
This strongly argues that hyperactive GLUT1 activity
and dramatically enhanced glucose influx is not a
uniform metabolic hallmark of all cancers but rather
a potent and unique characteristic of SCC, thereby
rendering SCC the most susceptible tumor type to
glucose restriction and may present an actionable
therapeutic window.

Collectively, this study identifies the exceptional
glucose reliance of SCC and suggests its candidacy
as a highly vulnerable cancer type to be targeted by
systemic glucose restriction.
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Figure 1: p63 and SOX2-mediated GLUT1
overexpression in squamous cell carcinomas
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Sex difference in the profile of extracellular bioactive lipids of

conjunctival epithelial cells during allergic inflammation
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SUMMARY

Ocular allergy affects about 40% of the North
American population, of which comorbidities include
allergic rhinitis, asthma, eczema, food allergy, and
eosinophilic esophagitis, making daily life even
more debilitating’. In Korea, about 0.23 million
people per month are treated for allergic
conjunctivitis, which is one of the most common
ocular allergies®. Allergen sensitization activates
mast cells to release histamine to initiate an ocular
allergic response. One of the ocular surface tissues
affected is the conjunctival epithelium that lines the
inside of the eyelids and covers the sclera, thus
providing stability to the transparent cornea and
anterior segment of the eye’. The conjunctival
goblet cells (CGCs) that secrete mucins to wet and
protect the ocular surface over-secrete mucins in
response to histamine stimulation, which causes
ocular surface instability and visual disturbance. To
better understand the molecular basis of allergic
response in CGCs, our research team has been
investigating the role of bioactive lipid mediators,
especially specialized pro-resolving mediators
(SPMs) and proinflammatory mediators (PIMs), in
the cellular response of CGCs during histamine-
mediated allergic inflammation*S.
Our exciting preliminary data show, for the first time,
that human primary CGCs biosynthesize SPMs and
PIMs, load them into extracellular vesicles (EVs),
and secrete them into the extracellular space during
health and disease. Interestingly, the amount of
SPMs dramatically increases in EVs secreted by
female CGCs, but decreases in males during a
histamine-mediated allergic response, suggesting
that the sex of the CGCs results in the differences
in CGC response. This is in line with our recent
publication showing that human female CGCs
increase intracellular Ca?* concentration ([Ca?*]i)
more sensitively (at lower histamine concentrations)
than males®. To further investigate this observation,
we hypothesize that in human CGCs there are sex
differences in the cellular response to histamine-
mediated allergic inflammation, which results in the
differential secretion of SPMs and PIMs. We will
test this hypothesis by quantifying and comparing

the type and amount of SPMs and PIMs in EVs,
and their time course of secretion in histamine-
stimulated CGCs from both sexes (Fig. 1).

The success of this study will provide new insights
into the bioactive lipid-mediated ocular surface
protective mechanism generated by the conjunctiva
and the basis for a tailored sex-dependent, lipid-
based therapeutic approach in the management of
vision-debilitating ocular surface diseases.
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Fig 1. Schematic illustration of the proposed
research. Sex differences in EV-loaded
specialized pro-resolving mediators (SPMs) and
proinflammatory mediators (PIMs) in terms of the
(1) time course of secretion and (2) type and
amount will be investigated in histamine stimulated
human conjunctival goblet cells (CGCs).
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Modulating the Host’s Immune Response for Preventing Peri-implantitis
in Mice
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. SUMMARY

Peri-implantitis is an inflammatory disease of the
soft tissue and bone around dental implants, which
is mediated by the host’s immune response. In this
study, we propose to develop a novel therapeutic
method to prevent peri-implantitis by modulating the
host's immune response. C—C motif chemokine
ligand 2 (CCL2) is a chemoattractant for
macrophages that is reported to drive macrophage
polarization toward the anti-inflammatory M2
phenotype in periodontal disease (1). The goal of
this study was to test the feasibility of local delivery
of CCL2-releasing microparticles (CCL2 MPs) as a
preventive therapy for bone loss in peri-implantitis.
Our Micro-CT analysis showed that there was a
statistically significant reduction of bone loss around
implants treated with CCL2 MPs compared to
diseased and blank MPs treated implants. The
preliminary data demonstrated the feasibility of our
CCL2 local delivery as a preventive therapy in peri-
implantitis.

Il. METHODS

A. CCL2-releasing Microparticles

PLGA microparticles encapsulating CCL2 (CCL2
MPs) were fabricated in our collaborator’s
laboratory, Dr. Steve Little in the Department of
Chemical Engineering at the University of
Pittsburgh. The release profile and morphology of
CCL2 MPs were characterized by ELISA and SEM
respectively.

B. Ligature-induced Peri-implantitis

Maxillary left first molars were extracted on 4-week-
old C57BL/6J male mice. After 8 weeks of healing,
6AL4YV titanium implants (1 mm long and 0.5 mm in

diameter) were placed at the healed extraction sites.

Following implant placement, osseointegration was
allowed for 4 weeks. After osseointegration, 6-0 silk
ligatures were tied under each implant head for
disease induction, and simultaneously, particles
were locally injected into the soft tissues around
dental implants. For this study, four different groups

were compared (n=5 per group): healthy control
(implant only), diseased control (implant with
ligature), blank group (PLGA only), and treatment
group (CCL2 MPs). The ligatures were maintained
for 7 days to induce bone loss around the implants.
At the end of the experiments, mice maxillae were
harvested and fixed in formalin. Micro-CT analysis
was performed to compare bone loss around
implants in the experiment and control groups.

lll. ILLUSTRATIONS
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Figure 1: Micro-CT images (3D and 2D) of each
group: healthy implant, ligature placed implant,
blank treated ligatured implant, and CCL2 treated
ligatured implant.
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Ets-1 as a Negative Regulator of Peripherally Induced Regulatory T Cells
and its implications in autoimmune diseases
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SUMMARY
E26 transformation-specific-1 (Ets-1), a member of

the Ets family of transcription factors, controls a wide
variety of cellular processes and plays an important
role in autoimmune diseases. Previous studies in
Ets-1 deficient (Ets1-/-) mice have demonstrated the
important functions of Ets-1 in the development,
proliferation, and survival of T cells. Regulatory T
cells (Treg cells) constitute a population of CD4+ T
cells that limits immune responses. Transcription
factor Foxp3 plays key roles in determining the
development and function of Treg cells. However,
the molecular mechanisms that trigger or maintain its
expression remain incompletely understood. Though
cell-mediated

Ets1-/- mice developed T

splenomegaly  and lupus-like autoimmune
phenotype, the mice showed no severe autoimmune
disease symptoms in steady state in the aged mice.
We unexpectedly found considerable amount of
CD4+ Foxp3+ T cells in the peripheral lymphoid
tissues of Ets1-/- mice. Interestingly, most of them
were CD25-Nrp1-, suggesting the possibility of
peripherally induced Foxp3+ T cells. These Foxp3+
T cells express reduced levels of Treg phenotypic
markers such as ICOS, GITR and CTLA4 and exhibit
naive-like T cell phenotypes (CD44lo CD62L+),

suggesting they are in the transition of becoming

pTregs from naive T cells. In addition, naive T cells
from Ets1-/- mice were more prone to become
induced Treg cells in vitro and in vivo. We have also
confirmed the negative role of Ets1 in Foxp3
regulation through the ETS domain (known for DNA
binding). In summary, our data suggests that Ets-1
may repress Foxp3 expression in naive CD4+ T cells,
thereby acting as an important negative regulator of

peripherally induced regulatory T cells.
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Figure 1: Enhanced pTreg generation from Ets1-/- T

naive cells prevent colitis induction
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Removing the root cause of Fragile X syndrome by Inducing the
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SUMMARY

Fragile X syndrome (FXS) is one of the most
common monogenic causes of autism spectrum
disorders (ASD). Here | describe potential methods
for correcting the genetic cause of FXS without
introducing gene-editing nucleases in cellular
models. In FXS patients, very long expansion of
CGG trinucleotide repeats (>200 times) at the 5
UTR of the FMR1 gene causes epigenetic silencing
of FMR1, a crucial gene for brain development. By
investigating conditions favorable to FMR1
reactivation, | have found that certain sets of small
molecules can strongly reactivate FMR1 mRNA and
its protein FMRP expression in human embryonic
stem (ES) and induced pluripotent stem (iPS) cells
with FXS full mutation. Surprisingly, it also entails
the shortening of the long CGG repeats. | traced
the mechanism to a site-specific R-loop — a 3-
stranded RNA-DNA structure — that is both
necessary and sufficient for repeat contraction. The
R-loop formation triggers DNA demethylation and
FMR1 transcription, which in turn fortifies R-loop
formation. Repeat contraction is specific to FMR1,
restores production of FMRP protein. Collectively,
these data implicate a positive feedback loop of
DNA demethylation, de novo transcription, R-loop
formation, and DNA repair in CGG contraction and
FMR1 reactivation.

METHODS: To identify the conditions for reversing
epigenetic silencing of FMR1, we explored the
methods for global epigenetic reprogramming that
induces the naive state of the human pluripotent
cells. We tested multiple combinations of kinase
inhibitors and found one of the combinations that
successfully reactivates FMR1 mRNA and its
protein FMRP levels. To analyze the long CGG
repeat lengths, we utilized a specialized PCR

method - Repeat PCR and combined it with
Bioanalyzer analysis for quantitative estimation of
the repeat size distributions.

RESULTS: By investigating conditions favorable to
FMR1 reactivation, we have found that a certain
combination of small molecules (five kinase
inhibitors: 5i) can trigger DNA demethylation
and strongly reactivate FMR1 mRNA and protein
FMRP expression in FXS cells. Surprisingly, FMR1
transcription reactivation induced a strong repeat
contraction. We traced the mechanisms to DNA
demethylation and site-specific R-loops (RNA
and DNA hybrid), which are necessary and
sufficient for repeat contraction. A positive
feedback cycle comprising demethylation, de novo
FMR1 transcription, and R-loop formation results in
the recruitment of endogenous DNA repair
mechanisms that then drive excision of the long
CGG repeat. Repeat contraction is specific to
FMR1 and restores the production of FMRP protein.

CONCLUSIONS: Here we have identified methods
of FMR1 gene editing without exogenous nucleases.
We demonstrate FMRP restoration can be induced
by CpG demethylation and R-loop formation, which
together  recruit endogenous DNA  repair
mechanisms to correct the long CGG repeat length.
Our study therefore identifies a potential method of
treating FXS in the future. (Lee et al., Cell in press)
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Slow Myosin Binding Protein-C and Congenital Muscle Disease
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Myosin binding protein-C (MyBP-C) is a
sarcomere-thick filament-associated protein that
plays a crucial role in regulating the contractility of

striated muscles by interacting with actin and myosin.

One of its isoforms, slow myosin binding protein-C
(sMyBP-C), is expressed in all muscle fibers.
Mutations in the sMyBP-C gene, encoded by
MYBPC1, have been linked to the emergence of
congenital muscle disorders known as distal
arthrogryposis (DA) and lethal congenital
contracture syndrome (LCCS). These conditions are
estimated to affect approximately 1 in every 3,000
newborns. However, our understanding of the
mechanisms behind disease development caused
by Mybpc1 mutations and the functional and
structural roles of sMyBP-C in skeletal muscle is still
incomplete. Hence, the primary objective of this
study is to explore the roles of sMyBP-C in skeletal
muscles during various developmental stages and
introduce a comprehensive experimental model for
DA and LCCS.

First, we investigated the structural and
functional roles of sMyBP-C during various
developmental stages using three recently created
sMyBP-C knock-out (KO) mouse models. These
models included the Mybpc1 global KO (gKO) for
the embryonic stage, Mybpc1 early conditional KO
(Mybpc1™ MCKCre) for the post-natal stage, and
Mybpc1 adult conditional KO (Mybpc1#f HSACre) for
the adult stage. The Mybpc1gKO resulted in a
range of severe symptoms, including whole-body
tremors, pronounced skeletal deformities, muscle
atrophy, impaired respiratory function, muscle
weakness, and early postnatal mortality. These
observations underscore the crucial role of sMyBP-
C expression in postnatal survival and its vital
contribution to the formation and maturation of the
musculoskeletal structure. The phenotypes
observed in the Mybpc1gKO mice closely resemble
the symptoms associated with LCCS. Furthermore,
two conditional knockout mouse models of Mybpc1
exhibited impaired muscle growth and reduced
functional capacity after birth, primarily attributed to
disrupted actomyosin interaction and sarcomere
structure, as well as muscle fiber atrophy and a shift
in fiber type. These findings emphasize the

fundamental significance of sMyBP-C in both
embryonic musculoskeletal development and
postnatal muscle growth and function.

In addition to the sMyBP-C knockout
mouse models, we have also developed three
knock-in (KI) mouse models (W198R, P295L,
E335K) with skeletal phenotype to study DA. These
three Mybpc1 mutations, which have been
documented in human patients, are known to be
associated with the development of DA. lllustrated
in Figure 1, our research employs a comprehensive
approach to examine the underlying mechanisms of
DA, encompassing multiple aspects of contractile
function and muscle structure. By utilizing these
Mybpc1 KO and KI mouse models, we aim to
establish fundamental tools for investigating the
disease mechanisms underlying DA and LCCS,
which will aid in the development of potential
therapeutic interventions. Furthermore, our
systemic research model holds great potential as a
valuable tool for exploring other muscle-related
disorders and evaluating the effects of novel drugs
and gene therapy on muscle function and structure.
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Figure1. Multi-level systemic approach to muscle
function and structure assessment
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. INTRODUCTION

The mutations in MYO7A cause Usher Syndrome
type 1 (USH1B) and autosomal recessive hearing
loss, DFNB2. MYO7A has multiple functions in
cochlear hair cells, being essential for normal
development of hair bundle architecture, as well as
concentrating at the upper tip link density (UTLD)
where it helps tension the mechanoelectrical
transduction (MET) complex. Hair cells produce
multiple isoforms of MYO7A that contribute to these
diverse and essential functions. At the UTLD, a
canonical isoform (MYO7A-C) is detected in addition
to an isoform (MYO7A-N) that has an additional exon
in the ATPase motor domain. In this study, we
explore the hypothesis that altered ATPase activities
of MYO7A-C and MYO7A-N contribute towards
tuning mechanical activity at the UTLD.

Il. METHODS

Testing this  hypothesis using biophysical
approaches requires the isolation of highly pure
MYO7A protein in milligram quantities. This is
challenging to obtain from primary tissues, and thus
recombinant expression systems are needed.
Expression of MYOT7A poses additional challenges
as it has five light chain binding sites (LCBS) that
bind to an unknown assortment of light chain
proteins. These light chains likely regulate MYO7A
motor activity and are thus key for understanding
functional differences between MYO7A-C and
MYO7A-N at the UTLD. We have addressed this
problem using a multiple promoter baculovirus
system (biGBac) to express MYOT7A in Sf9 insect
cells. Utilizing the biGBac expression system, we
engineered baculovirus that contains the ATPase
domain of either MYO7A-C or MYO7A-N, in addition
to co-expressing a myosin specific chaperone
(UNC45A), and candidate light chains: calmodulin
(CALM1), calmodulin-like protein 4 (CALMLA4),
essential light chain (MYL6) and regulatory light
chain (MYL12B).

lll. RESULTS AND CONCLUSION

MYO7A-C protein was captured from whole cell
lysates using FLAG-affinity chromatography and
further purified with sequential anion exchange and
size exclusion chromatography. SDS-PAGE shows
that recombinant MYO7A-C is > 99% pure and forms
a pentamer, stably binding to all four light chains
(CALM, CALML4, MYL6, MYL12B). These results
confirm  previous  co-immunoprecipitation  of
endogenous MYQ7A from hair cells (Morgan, 2016),
by showing that CALM and CALML4 bind to MYO7A.
We performed functional assays to compare the
activity of MYO7A-C and MYO7A-N fraction B using
a steady-state NADH ATPase assay. MYO7A-N has
reduced maximal ATPase activity (kcat) compared
with MYO7A-C, indicating the N-terminal domain
regulates motor activity.

In conclusion, we have established a scalable
pipeline to express MYOT7A protein isoforms present
at the UTLD. This will allow us to perform biophysical
and structural studies to understand its contribution
to MET, and the effects of pathogenic USH1B /
DFNB2 deafness mutations.
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Sex Differences in Amino Acid Kinetics in Older Adults
with Chronic Morbidities.
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I. INTRODUCTION

It has long been reported that women live longer
than men and have lower mortality at all ages, but
higher rates of disability and spend a larger portion
of life expectancy in worse health due to higher rates
of illness, immobility, frailty, and more comorbidities.
Muscle weakness and loss are associated with aging
and mortality and are even more prevalent when
chronic morbidities are present. Therefore,
investigating protein and amino acid profiles in the
elderly is of clinical importance. Previous studies
observed decreased plasma essential amino acids
and branched-chain amino acids concentrations in

older adults and sarcopenic older adults respectively.

Moreover, females have shown to have lower levels
of tryptophan, tyrosine, branched-chain amino acids,
methionine, ornithine, citrulline, phenylalanine, but a
higher level of glycine. Previously, greater whole
body protein breakdown in males but no sex
difference in muscle protein synthesis rate in young
men and women. However, It remains unclear
whether age-related protein amino acid metabolic
perturbations in older adults with chronic morbidities
are different between men and women.

Il. METHODS

Subjects and Study Protocol

444 participants with chronic morbidities (Charlson
comorbidity score 21) over the age of 50 (MEDIT
database). We divided the selected subjects into two
age groups (the young-older adults (age50-70y) and
the middle-older adults (age70-90y)/old-older adults
(age 290). We stratified two age groups based on
birth sex to create four subgroups: young-older
adults (age 50-70y: n=139/111 (f/m)), and 194

middle/old-older adults (age 70-95y: n=94/100 (f/m)).

Body composition was measured by DXA. Peak
handgrip force and single-leg muscle strength were
measured using dynamometry (Vernier) and
(Kincom).

Stable Isotope Tracer Infusion and Analysis
After an overnight fast, participants visited the clinic
early in the morning for blood draw. After a blood
sample was collected for baseline enrichment

analysis and plasm amino acid concentrations, a
single pulse of a mixture of 18 stable amino acid
tracers was administered followed by subsequent
blood sampling at times t=10, 20, 30, 60, and 120
min for tracer enrichments analysis (Cambridge
Isotope Laboratories, Woburn, USA). Tracer
enrichments was analyzed by LC-MS/MS to
calculate whole body production (WBP) rate.
Statistics

Statistic was performed by two-way ANOVA on
decay curves corrected for sex and age group. Data
were adjusted for total lean mass for amino acid
kinetic data. Significance set at P<0.05.

lll. RESULTS

Aging was associated with lower extremity lean
mass (p=0.046) and muscle function (p=0.017).
Lean mass and muscle function were lower in
females than in males (p<0.001). Females also had
lower WBP of phenylalanine, hydroxyproline, tau-
methylhistidine (markers of protein, - collagen,- and
myofibrillar breakdown), tyrosine, all BCAA(valine,
leucine, isoleucine), arginine, citrulline (p<0.001) as
compared to males. The older group showed lower
WBP of phenylalanine, tyrosine, arginine, citrulline,
leucine, valine and higher tau-methylhistidine
(p<0.001) than young older adults. Sex*age
interactions were found for WBP of arginine, citrulline,
valine (p<0.001), indicating that age-related
decrease in males was higher for WBP arginine and
citrulline and lower for WBP valine.
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I. INTRODUCTION

Wound healing includes replacing
destroyed/damaged tissues with newly generated
tissue. Once the injury occurs, the epidermis and
dermis form a protective barrier against the external

environment. The wound is repaired through
sequential steps with overlaps; hemostasis,
inflammation, cell proliferation, and tissue

remodeling (maturation and cell differentiation).
Wound healing is a calcium-mediated process.
Calcium regulates inflammatory cell infiltration,
migration/proliferation, and differentiation of dermal
fibroblast and keratinocytes. Sigma Anti-Bonding
Calcium Carbonate (SAC) is a chemically modified
calcium carbonate with a unique weak bonding that
becomes SAC water-soluble and stable at room
temperature. In the body, SAC behaves as ionic
calcium but also helps dissociate protein-bound
calcium into ionized calcium. In turn, SAC
significantly increases active ionized calcium in the
body. Collectively, we hypothesized that the topical
treatment of SAC enhances wound healing.

Il. MATERIAL AND METHOD

To study the effects of the SAC on wound healing,
we took 32, 8~10-month-old, C57/BL6 mice and
singly housed them. Two bilateral circular wounds
were created on the dorsum using a 5-mm punch
biopsy. About 0.8mg of Control or SAC cream was
applied to each circular wound twice a day for wound
treatment. The SAC cream contains 0.12% SAC in a

control dermatology cream provided by the company.

The wound size was measured using CellSens
software (Olympus Co.). In addition, skin biopsies
were taken before the wound was created and after
the wound closed. The skin biopsy was fixed in 4%
paraformaldehyde and underwent hematoxylin &
eosin immunohistology staining (Vector, H-3502)
and collagen staining (Abcam, ab270993). The skin
tissue was measured using a Zeiss AXIO Imager M2

microscope. The MTT cell proliferation assays were
performed using HDFa and HaCaT cells in 24, 48,
and 72 hours at 0.032, 0.32, and 1.6ug/ml SAC.

lil. Result

We found that the SAC -treatment rapidly reduced
the wound size in the early healing phase and closed
wounds earlier than the control. Furthermore, SAC
increased in epidermal thickness during wound
healing, which eventually returned to its basal level.
SAC-derived epidermis and dermis showed an
increased synthesis of loricrin and collagen,
suggesting that SAC-promoted skin layers are
functional. The in vitro experiments in adult human
dermal fibroblast (HDFa) and keratinocyte (HaCaT)
showed that i) SAC does not induce cytotoxicity at
any tested concentrations, ii) SAC enhanced HDFa
and HaCaT growth in a dose-dependent manner,
and iii) SAC promotes HaCaT migration than CaCl-.

IV. CONCLUSION

SAC cream improves wound healing by enhancing
re-epithelialization and proliferation of epithermal
keratinocytes and dermal fibroblasts with no toxicity.
The SAC effect is transient as the effects gradually
return to normal once the treatment is terminated.
These results suggested that SAC cream can be a
good therapeutic intervention for skin injury healing.
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Development of Humanized Diffuse large B-cell Lymphoma Mouse Models.
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I. INTRODUCTION

Diffuse Large B-cell Lymphoma (DLBCL) is the
most common type of non-Hodgkin’s lymphoma, with
~40% of patients developing relapsed or refractory
disease. There are two subtypes of DLBCL; i) a
germinal center B cell-like subtype; ii) an activated B
cell-ike subtype. The development of alternative
therapies that target molecular features defining
these unresponsive tumors is an active area of
research.

In the current study, we try to establish a pipeline
for the rapid, reliable generation of in vivo
DLBCL models with easy accession of lymphoma
progression.

Il. Method

We transduced the well-established human ABC
DLBCL cells (U2932 and HBL-1) and human GCB
DLBCL cells (SUDHL-5 and Val) with the luciferase
(Luc)-EGFP gene. The Luc-expressing (U2932-Luc,
HBL-1-Luc, SUDHL-5-Luc or Val-Luc) tumor cells
were sorted for GFP positivity and expanded. The
U2932-Luc, HBL-1-Luc, SUDHL-5-Luc and Val-Luc
cells (0.5x106/100ul PBS) were injected via tail vein
into 8-12 weeks old mice of various humanized NSG
strains (representing same sex). NSG mice were
humanized by transgenic expression of human
cytokines (SCF, GM-CSF, and IL3 or human IL6
alone or IL6 plus SCF, GM-CSF, and IL3) with the
CMV promoter. We assessed engraftment and
growth by weekly in vivo imaging (IVIS 200 imager,
Perkin Elmer). To evaluate organ-specific
engraftment and progression, ex vivo IVIS imaging
was performed weekly. The spleen, lungs, gut, brain,
stomach, spine, kidney, heart, and liver were fixed
with 10% formalin and embedded in paraffin.
Sections were stained with an anti-human CD20
antibody to evaluate the tumor morphology using a
Zeiss AXIO imager M2 microscope (Zeiss, Nashville,
TN)
lll. RESULTS

We found that the IL-6 strain exhibited a uniform
expansion of U2932 cells relative to the IL-6/SGM3
mice. Engraftment rates were 68% at IL6 30% in
IL6/SGM3. The survival graph shows IL-6 mice

have consistent and uniform progression of U2932.
The organ-specific evaluation demonstrated that
U2932-Luc cells were initially engrafted and grew
in the lung, liver, and spleen, subsequently found
in the skeleton, ovary, and brain. In the case of
HBL-1, NSG, SGM-3, and IL-6 mice showed 60, 60,
and 56% engraftment rates, while IL-6/SGM3
showed 18%. However, in the ex vivo evaluation,
all three strains showed inconsistent tissue
infiltrations on the examined organs.

SUDHL-5 cells were not engrafted in any
humanized NSG mice. How about, Val cells were
well engrafted in IL6 and IL6/GM3 with 100% and
50% engraftment rate, respectively. The
engraftments and progression were uniform. In the
ex vivo evaluation, IL6 injected Val cells showed
consistent tissue infiltrations on the examined
organs.

IV. CONCUSIONS

We tried to develop human DLBCL animal
models using two different ABC-type DLBCL cells,
U2932 and HLB-1 and two different ABC-type
DLBCL cells, SUDHL-5 and VAL. While HBL-1
showed inconsistent tumor infiltration and SUDHL-
5 was not well engrafted, the U2932 and VAL
DLBCL cells in the NSG-IL-6 mouse reproduced
the clinical features of an aggressive DLBCL with
consistent tumor infiltration. This model will provide
a new tool to enable the expansion of patient
samples while overcoming the current limitations of
DLBCL xenografts and transgenic mice.
Furthermore, the ability to maintain the growth of
patient-derived samples within clinically relevant
locations has excellent potential to test patient-
specific, personalized treatment strategies more
accurately.
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Background: The global prevalence of multiple
sclerosis (MS) has increase substantially from
previous years, with a current estimate of
approximately 2.8 million people." However, MS
remains considered a rare neurological disorder
among African populations, despite the fact that
original MS-related research based in African
countries is extremely limited or non-existent.?
Objective: To summarize the contemporary state
of MS-related research across the African continent
and to identify knowledge gaps from the current
research landscape.

Methods: Boolean searches on the PubMed,
SCOPUS and Embase databases were conducted
for articles published from 1990 to February 2022.
Two reviewers evaluated the title and abstract of
each identified record for inclusion based on pre-
defined eligibility criteria. Discrepancies between
reviewers were resolved by discussion until
consensus was reached. Full-text review and,
where applicable, data extraction were conducted
by a single reviewer for all articles which passed the
initial title and abstract screening process.
Results: After removal of duplicates, 2491 records
were initially identified and underwent

screening, of which 332 records were selected for
full-text review and 251 were ultimately deemed
eligible for inclusion. The majority of included
studies were from the Northern African region
(n=204; 81%), particularly from Egypt (n=166;
66%), and had a case-control study design (n=145;
58%). Yet, there were no original studies from 36
African countries, whereas Egypt, Tunisia and
South Africa accounted for >90% of included
studies. Over 50% (n=150) of selected studies were
published from 2016-2022, highlighting the
substantial increase in research output in recent
years.

Studies investigating the utility of diagnostic tools
such as blood/serum biomarkers and

neuroimaging technology were most common
(n=105; 42%), followed by studies investigating

MS risk factors (n=41; 16%).

Conclusion: The MS research landscape across
the African continent has grown substantially over
the past few decades and especially in the past
seven years. Yet, the majority of the output comes
from only a few countries with virtually no data from
the majority of African countries. In particular,
longitudinal cohort studies and randomized
controlled trials are lacking. As such, notable gaps
and barriers in our knowledge of the burden of MS
in Africa remain, and further efforts to promote
clinical and epidemiological MS research in sub-
Saharan Africa are needed to improve our
understanding of the burden of MS amongst African
patients.

lll. ILLUSTRATIONS

Figure 2. A) Type of study design distribution among included
studies. B) Number of studies indicating the utilization of specific
diagnostic MS criteria. Abbreviations: McD, McDonald; IPMSSG,
International Pediatric Multiple Sclerosis Study Group.
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. STUDY RATIONALE

Firefighters are covered with smoke-derived organic
compounds, including polycyclic aromatic hydrocar-
bons (PAH), from fire-related activities and their
turnout gear.! Although the inhalation of PAH from off-
gassing after a fire activity or accumulated PAH when
donning or doffing turnout gear cannot be ignored,
transdermal absorption forms the major route of
exposure. Many firefighter studies have investigated
transdermal absorption; however, they have not
employed multi-omics in applied industrial hygiene and
occupational health to further explicate their findings.
The goal of this study is to conduct multi-omics
profiling to examine alterations in exposure-associated
omics in healthy firefighters before and after engaging
in fire suppression activities.

Il. STUDY DESIGN

We conducted a comprehensive multi-omics analysis,
including epigenome, transcriptome, proteome, and
microbiome analyses, using biospecimen samples
such as blood and urine from participants. The
recruitment of study participants was a collaborative
effort between our research team and local/regional
fire departments. With this partnership, we conducted
field exposure assessments to collect PAH wipe
samples from firefighters' turnout gear and skin as well
as biospecimens at emergency firefighting events. The
baseline pre-assessment was conducted over at least
two days without intervening fire activity (see Figure 1).

Excess malignant cancer system among firefighters *
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cancer cancer
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Figure 1: A range of complex high-dimensional biomarkers for
this study. Based on the firefighters cancer mortality and
incidence study,? a selected malignant cancer that poses a high
risk was explored using a combination of biospecimen and omics
profile.
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lll. FUTURE DIRECTIONS

We plan to incorporate practical guidelines for
monitoring the health of firefighters into the manual for
their required annual training. Currently, the training
does not specify the learning outcomes or lesson
outlines. As the study moves through its various
stages, we will collect copious information on omics
(e.g., gene expression) profiling and pathways. That
information can be used for a wide range of purposes,
from identifying biomarkers such as miRNA for early
cancer diagnosis to detecting reversible health
symptoms such as oxidative stress and immune/
inflammatory disease. The data collected could
potentially contribute to individual, precise diagnoses
for firefighters—a unique occupational group.
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Bridging the Gap: A Community Approach to Addressing Health
Disparities in North Nashville through Food Access Community
Mapping
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. SUMMARY

North Nashville, an underserved community with
significant health disparities, faces alarming rates of
hypertension and diabetes. Socioeconomic factors
and social determinants of health contribute to these
disparities. This proposal emphasizes the
importance of food accessibility as a crucial social
determinant of health and explores how community
mapping can effectively tackle this issue.

Food accessibility, the availability and affordability of
nutritious food options, profoundly impacts
community health. While the USDA has developed
methods to assess food accessibility, such as
mapping food deserts, these approaches have
limitations that hinder a  comprehensive
understanding of challenges faced by communities
like North Nashville.

To bridge this gap, we propose a comprehensive
community mapping project integrating data analysis,
community education, engagement, and
empowerment. Community mapping, a participatory
approach leveraging local knowledge to identify and
address community needs, offers various benefits,
including fostering ownership and facilitating data-
driven decision-making.

The North Nashville Community Mapping Project
(https://www.communitymap.net/nashvillefood)
combines geospatial data, community surveys, and
feedback to create a detailed and accurate
representation of the area's food accessibility
landscape. The project took place on April 15th,
2023, in a central location in North Nashville.
Attendees actively participated in mapping, attended
educational workshops, and provided valuable
feedback through surveys.

The collected data will inform the development of
actionable strategies to enhance food accessibility
and improve health outcomes in North Nashville.
This conference proposal aims to showcase the

potential of community mapping as an effective tool
for addressing health disparities and promoting
health equity in underserved communities.

Nashville Food Resources

North Nashville
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Figure1: Screenshot from
http://www.immappler.com/nashfood
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Exercise Instructors

Jeeyoung Hong, PhD"2, Hyoun-Joong Kong, PhD3#5
"Medical Big Data Research Center, Seoul National University Medical Research Center, Seoul, Korea
2Institute of Exercise Prescription, Kongju National University, Kongju, Korea
3Department of Transdisciplinary Medicine, Seoul National University Hospital, Seoul, Korea
“Department of Medicine, Seoul National University College of Medicine, Seoul, Korea
SInnovative Medical Technology Research Institute, Seoul National University Hospital

. INTRODUCTION
The aim of this study is to investigate the efficacy of
utilizing augmented reality (AR) glasses in an
exercise coaching platform for enhancing the
coaching abilities of exercise instructors during
exercise instruction.

Il. METHODS

This study recruited a total of thirty-five novice
exercise instructors with less than two years of
experience in guiding exercise, who expressed their
agreement with the study's objective. A crossover
design was employed to investigate the effects of
augmented reality glasses on exercise instruction
abilities. The participants were randomly assigned
to two groups. In one group, participants provided
exercise instruction to elderly individuals without
wearing AR glasses, and their performance was
assessed using the Elderly Exercise Instruction
Questionnaire. After a one-month washout period,
the same group of participants wore AR glasses
and provided exercise instruction again, followed by
evaluation using the same questionnaire. The
procedure was reversed for the other group, where
participants initially wore AR glasses and then
provided exercise instruction without them after one
month. To determine if there were any differences in
exercise instruction abilities for elderly individuals
before and after wearing AR glasses, a paired-
sample t-test was conducted in this study.

Evaustor | 957 AR glasses

|

7 L)
Figure 1: Guidance for elderly individuals using
augmented reality glasses.

lll. RESULTS

The significant differences were observed in
professionalism (p=.009), emotional communication
ability (p=.018), and safety (p<.001).

Table 1: Results of the t-test examining differences in
exercise instruction abilities before and after the use of
augmented reality glasses

ltem Pre Post t p
Professionalism  23.45+4.35 25.85+4.49 -2.778 .009
Emotional
communication 13.28+4.82 15.77+6.44 -2.495 .018
ability
Fidelity 29.2816.87 29.6245.65 -.281 781
Safety 29.31+4.6 35.37+4.8 -6.965 .000
Total 95.34+17.00 106.62+16.98 -3.799 .001

IV. Discussion

This study enhances our understanding of AR
glasses effectiveness in improving exercise
instruction  abilites and guides innovative
approaches for exercise coaching.
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|. BACKGROUND

Binge-eating behavior, uncontrolled consumption of
large amounts of food, commonly occurs in the
general public, especially in women. It is associated
with psychological, as well as physical problems
(e.g. obesity). Social comparison may promote
personal relative deprivation (i.e., feelings of
resentment and unfairness from social comparison),
being over-concerned with their body image (thin-
ideal internalization), which may lead to binge-
eating behavior. Yet, little is known about the
relationship among factors from social comparison
and binge eating sewerity, especially in Korean
American populations. The purpose of this study
was to examine the relationships between binge
eating severity and social comparison factors
(personal relative deprivation and thin-ideal
internalization) among Korean American women.

Il. METHODS

A convenience sample (n= 136) was recruited from
Korean churches, community organizations,
universities and student groups. Inclusion criteria
were women at least 18 years old, who read
English, and are not pregnant or breastfeeding.
Participants completed on-line questionnaires
[Background Information, Personal Relative
Deprivation Scale (PRDS), Thin-ideal Internalization
Scale (Sociocultural Attitudes Towards Appearance
Questionnaire, SATAQ-3) and Binge Eating Scale
(BES)]. SATAQ-3 consists of four subscales:
Information, Pressures, General, and Athlete.

lll. RESULTS

The participants’ average age was 31.1 (SD =
12.2), BMI 22.1 (SD = 2.5), and 57.4% were born in
South Korea. Out of 136 participants, 57.4% had
little to no binge eating (BES score < 17), 22.1%
had mild to moderate binge eating (BES score 18-
26), and 20.5% had severe binge eating (BES
score = 27). Binge eating sewerity (total score of
BES) was significantly related to PRDS (r =.51, p
<.001) and SATAQ-3 (r = .40, p <.001). Also, the
level of binge eating had significant relationships
with all subscales of SATAQ-3 with Information (r

=.34, p <.001), Pressures (r= .45, p <.001),
General (r =.36, p <.001), and Athlete (r= .31, p
<.001).

Table 1: Correlations between BES, PRDS,
SATAQ-3 (N = 136)

P(r)
Variables 1 2 3 4 5 6 7
1.BES
1
2.PRDS 51 1
3.SATAQ3 40 .56 1
4.Information 34 54 94 1
5Pressures 45 52 91 .81 1
6.General 36 54 96 86 .84 1
7 Athlete 31 56 85 72 70 .79 1

*Hk Hkk Hkk *kk *dk Hkk

Note: ***p<.001

IV. Conclusions

In this sample, participants with higher personal
relative deprivation and thin-ideal internalization
were more likely to have greater levels of binge
eating. Also, the increased level of
acknowledgement of body image information from
media sources (Information), pressure of
appearance from media (Pressures), internalization
of ideal beauty from media (General), and
internalization of athletic ideals (Athlete) were
associated with the higher level of binge eating.
Further examination of binge eating sewverity and
other risk factors among the Korean American
women population is warranted.
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. INTRODUCTION

Internalizing psychopathology such as anxiety and
depression has been associated with higher levels
of negative affect instability (Al), suggesting
greater sensitivity and/or deficient affect regulation
in response to events. The salience network (SN)
detects and responds to emotional stimuli, and the
central executive network (CEN) exerts top-down
control over attention toward salient stimuli.
General functional connectivity (GFC) within these
networks might further understanding of the
mechanisms behind Al, and why some individuals
with internalizing psychopathology are more likely
to be characterized by negative Al than others.

Il. METHODOLOGY

Individuals with mixed internalizing
psychopathology (N =54, Mage = 25, SDage = 9.14,
38 female) completed self-report measures,
underwent fMRI scans, and then completed 10
days of ecological momentary assessment to
assess negative Al. We used GFC from 32
minutes of resting state and task fMRI, a latent
variable reflecting transdiagnostic internalizing
symptoms, and their interaction to predict daily
negative Al.

lll. RESULTS

In one regression model, participants with higher
internalizing symptoms showed greater negative
Al, B = .324, p = .015, but only when SN
connectivity was high, B =.303, p =.023. In another
model, participants with higher levels of
internalizing symptoms also showed higher
negative Al, B = .340, p =.010, but only when CEN
connectivity was low, 8 =-.380, p =.004.

IV. CONCLUSION

SN and CEN connectivity may play a role in
increased  negative Al in  internalizing
psychopathology. Stronger connectivity in the SN

is associated with enhanced emotional reactivity,
which may cause difficulty in regulating emotional
fluctuations in internalizing patients. In parallel,
weaker connectivity in the CEN is associated with
deficits in cognitive control over emotion, which
may cause difficulty in regulating emotional
fluctuations in internalizing psychopathology. Thus,
individual differences in negative Al may depend
on variability in SN and/or CEN connectivity.
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Figure 1: Scatterplots depicting the moderating role of

SN (a) and CEN (b) connectivity on the

association between internalizing symptoms and

negative Al.
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Clinical and Environmental Effects of Healthy Home Interventions

Insung Kang
Civil, Architectural, and Environmental Engineering, lllinois Institute of Technology, Chicago, IL USA

I. BACKGROUND

Human exposure to indoor air pollutants is an
important risk factor for asthma and the exacerbation
of respiratory symptoms. Healthy home interventions,
including ventilation and filtration, have the potential
to improve indoor air quality (IAQ) and respiratory
health outcomes, although empirical evidence of
their effectiveness remains limited. This paper
describes two home intervention research projects to
improve IAQ and respiratory diseases among high-
risk population in existing homes in Chicago, IL. One
is installation of residential mechanical ventilation
systems among 53 adults with asthma and the other
is deployment of stand-alone air filtration systems
among 80 U.S. military veterans with chronic
obstructive pulmonary disease (COPD).

Il. METHODS

For homes with asthmatic participants received one
of three types of ventilation systems half-way
through the study: continuous exhaust-only system,
intermittent  central-fan-integrated-supply  (CFIS)
system, or continuous balanced system with an
energy recovery ventilator (ERV). For homes with
COPD participants received one of two types of
stand-alone air cleaners, with a real or sham filter.
We conducted approximately weeklong field
measurements on a quarterly basis throughout the
study to monitor indoor and outdoor size-resolved
particles (0.3-10 ym) and other gaseous pollutants,
if applicable.

lll. RESULTS AND DISCUSSION

The following parameters were significantly lower
across all homes after the ventilation system retrofits,
treating all system types as one: I/O ratios of COz,
NO2, PM+, PM2s, and PMio (Figure 1). In addition,
asthma control test scores increased after the
installation of residential mechanical ventilation
systems (p < 0.001). Examined separately, all three
types of ventilation systems also showed statistically
significant improvements on asthma control test
score (Figure 2).

Air cleaner study with COPD patients is still ongoing
and we expect stand-alone air filtration for improving

IAQ and COPD outcomes. There will be housing-
related factors that may contribute to COPD
exacerbation. To this end, we will evaluate the utility
of using low-cost sensors for indoor air pollution
epidemiology studies and for providing actionable or
useful information on the quality of their indoor air to
patients and their physicians.
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Figure 1. I/O ratios of pollutants measured during
pre- and post-intervention periods.
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Mutations in the UBIAD1 gene, the vitamin K2 synthesizing
enzyme, cause Schnyder Corneal Dystrophy (SCD) by
inhibiting ER-associated degradation of HMG CoA reductase.

Dong-Jae Jun', Marc Schumacher', Youngah Jo', and Russell DeBose-Boyd'

1UTSouthwestern Medical Center, Dallas TX

. SUMMARY

1. UBIAD1 is the causative gene for Schnyder
corneal dystrophy(SCD).

Schnyder corneal dystrophy (SCD) is a rare
autosomal dominant human genetic eye disease
characterized by bilateral corneal opacification
resulting from an abnormal accumulation of
cholesterol and lipid. The sole causative gene for this
disease is UbIA prenyltransferase = domain-
containing protein-1 (UBIAD1), which synthesizes
the vitamin K2 by transferring a geranylgeranyl group
onto menadione. Mutations that alter 20 amino acid
residues in UBIAD1 have been identified in ~50 SCD
families.

2. UBIAD1 regulates ER-associated degradation
of HMG CoA reductase

A link between UBIAD1 and cholesterol metabolism
was first provided by co-immunoprecipitation studies
that showed an association of UBIAD1 with the rate-
limiting cholesterol biosynthetic enzyme HMG-CoA
reductase. Recently, our group showed that UBIAD1
temporarily keeps the reductase from the complete
sterol-accelerated endoplasmic reticulum (ER)-
associated degradation (ERAD) until the reductase
produces sufficient geranylgeranyl pyrophosphate
(GGpp), the direct substrate of UBIAD1 for the
synthesis of Vitamin K2. We also discovered that
GGpp stimulates translocation of UBIAD1 from the
ER to the Golgi, and subsequently, the reductase
gets fully degraded by the co-works of sterol and
ERAD complex. This exquisite regulation illustrates
how UBIAD1 ensures the protein stability of
reductase for the sufficient production of non-sterol
isoprenoids, including GGPP, and contributes to the
feedback regulation of non-sterol isoprenoids and
sterol metabolism.

3. All 20 SCD mutant UBIAD1s failed to localize
in Golgi and ended up in ER where they
increased the stability of HMGCR’s protein level.
We found the common feature of all 20 Schnyder
corneal dystrophy (SCD)-associated UBIAD1

mutants. All SCD-associated UBIAD1 mutants fail to
respond to GGpp-induced Golgi transport and
abnormally translocate to the ER, where they
stabilize HMG CoA reductase (1). The resulting
stabilization of reductase by mutant UBIAD1s is the
causative cellular mechanism that leads to the
overproduction of cholesterol in the cornea of SCD
patients.

20 SCD-Associated Mutants
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Figure 1. This figure shows the subcellular localization of
wild-type UBIAD1 and all SCD-associated mutants of the
prenyltransferase. The results reveal that wild-type Myc-
UBIADI localized to the Golgi of SV-589 cells cultured in
FCS (Panel 1). In contrast, the remaining SCD-associated
mutants of UBIADI were defective in transport to the
Golgi and localized to the ER (Panels 2-21). UBIADI
(S75F), which is not associated with SCD and results from
a moderately common polymorphism in the UBIADI gene,
and other arbitrary missense mutants (K1094, C1454)
also localized to the Golgi (bottom panels).
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Metabolomics in food and agricultural science

Joonhyuk Suh

Department of Food Science and Technology, University of Georgia, Athens, GA, USA

. SUMMARY

In the post-genomic era, metabolomics, a newly
emerging toolbox in omics science, has been
introduced with analysis of small molecules
(metabolites) in biological systems to understand in-
depth biochemical mechanisms of organisms at the
chemical level. Since metabolites are the end
product of cellular signaling processes, the profiling
of metabolites can give us direct information on
phenotypes and changes in biological functions of
the organisms. With these merits, metabolomics has
been intensively used in clinical and pharmaceutical
science, and gradually expanded to other areas
including food and agricultural science.

In this presentation, metabolomics approach
(concept, methodology) will be introduced, and its
applications in the field of food and agricultural
science will be discussed with case studies™2.

Il. ILLUSTRATIONS
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Figure 1: Case studies of metabolomics in food and
agricultural science
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New antioxidants for frying oil developed in NCAUR, ARS, USDA

Hong-Sik Hwang
USDA, ARS, NCAUR, Peoria, IL, USA

. SUMMARY

Although vegetable oils rich in polyunsaturated fatty
acids are beneficial to human health, they are highly
prone to oxidation. Strong antioxidants, preferably
natural antioxidants, are needed to prevent oxidation
of these oils, especially, for deep frying that is done
at high temperatures. We recently developed new
natural antioxidants that can replace synthetic
antioxidants. This presentation will summarize the
antioxidant activities of amino acids, amino acid salts,
and inorganic bases.

Il. METHODS and RESULTS

A. Heating and Frying Experiments

The heating study was conducted with vegetable oils
containing an antioxidant (typically 5.5 mM) in vials
heated at 180 °C for 7 or 8 h. The frying study was
done with potato cubes (about 0.6 cm x 0.6 cm x 0.6
cm) at 180 °C for 8 h.

B. Results

It was found that some amino acids had strong
antioxidant activity. When they were converted to
sodium or potassium salts, the activity increased.
Potassium salts had higher activity than sodium salts.
It was also found that inorganic bases such as
sodium and potassium carbonates and bicarbonates
had significant antioxidant activity. It should be noted
that these new antioxidants at 5.5 mM had stronger
activity than a synthetic antioxidant, tert-
butylhydroquinone (TBHQ) at 1.1 mM (0.02%) (Fig.

1),

C. Interaction with tocopherols

The synergistic effect with tocopherols was found to
be the major mechanism for the antioxidant activity
of amino acids, amino acid salts, and inorganic
bases (Fig. 2). The antioxidant activity of these
compounds may also be attributed to other
mechanisms such radical scavenging activity,
retention of tocopherols, negation of prooxidant
activity of free fatty acids, stabilization of
hydroperoxides, and formation of antioxidant
compounds by reactions with oxidation products.
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Figure 1: Antioxidant activity of KHCO3 (0.06%) in
canola oil in comparison with TBHQ (0.02%) during
8-h frying at 180 °C.
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Figure 2: Antioxidant activity of KHCO3 (0.06%) in
canola oil in comparison with TBHQ (0.02%) during
8-h frying at 180 °C.
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R&D Direction for Plant-based Meat and Cultivated Meat: Critical
Variables for Consumer’s Sensory Acceptance

Jung Hoon Han, Bouhee Kang
EAT JUST

. SUMMARY

Consumers believe that the plant-based meats do
not deliver the same sensory qualities of animal-
based meats and taste remains a significant barrier
for trial and repeated purchase. For the cultivated
meats, the lack of sensorial quality is also the critical
issue. From the sensory test with plant-base chicken
and beef meats available from market, it is identified
that the most critical variables affecting the overall
sensorial acceptance are texture acceptance for
beef patty, while the flavor acceptance and texture
acceptance are equally significant for chicken breast
meat. For the cultivated meat products, through the
internal large sensory test, the lack of umami flavor
was obtained for both cultivated chicken and beef. In
summary, for the successful alternative meat
business, it is important to improve texture and flavor
acceptances for plant-based meat products and the
umami taste enhancement for the cultivated meats.

. QUALTY EVALUATION OF PLANT-BASED
AND CULTIVATED MEATS

A. Materials and Methods

All data of plant-based meat products were analyzed
using regression analysis after data normalization
with mean and standard deviation. For cultivated
chicken, 80 panelists were tasted the GOOD Meat
cultivated chicken with real chicken thigh as a
reference sample (difference test). For cultivated
beef, 11 internal panelists joined the descriptive test

after tasting the GOOD Meat cell paste in gelatin gels.

B. Sensory Results with Plant-based Meat Products
Figure 1 shows the results of the test. Both flavor and
texture acceptances were significant to overall
acceptance, while the appearance acceptance was
insignificant for both beef and chicken. The most
significant variable affecting the overall acceptance
of beef patty was the texture acceptance, while the
flavor and texture acceptances of chicken were
equally significant to the overall acceptance.

Overall acceptance Y = f(A,F,T)
where, A = Appearance acceptance

F = Flavor acceptance

T = Texture acceptance

Beef patty Chicken breast

m Appearance (m Flavor m Texture m/Appearance m Flavor m Texture

Figure 1: Effects of Appearance, Flavor, and
Texture Acceptances on Overall Acceptance of
Plant-based Beef Patty and Chicken Breast Meat

C. Sensory Evaluation Results with Cultivated Meats
The difference test for the cultivated chicken
products and the descriptive test for the cultivated
beef prototype both identified the lack of umami taste
in the cultivated meats. This result was agreed to the
umami taste measurement by Joo et al. (2022) which
concluded that the cultivated beef and chicken meats
have significantly lower glutamic acid and inositol
monophosphate than those in traditional meats.

Table 1: Umami Taste Related Amino Acids % in
Cultivated and Traditional Meats (data from 1)

Chicken Beef
Cultivated Traditional Cultivated Traditional
Aspartic acid 9.37 9.93 8.59 9.76
Glutamicacid 1542 17.3 14.56 15.89
Alanine 6.88 6.41 7.92 6.53
Methaonine 1.8 2.44 349 2.52
Lysin 8.46 9.5 7.43 9.73
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Comparative Study of the Susceptibility to Blue Light Inactivation of
Foodborne Pathogens and Spoilage Bacteria

Minji Hur', Francisco Diez-Gonzalez?
2Center for Food Safety, Department of Food Science and Technology, University of Georgia, Griffin, GA

SUMMARY

Introduction

Antimicrobial Blue Light (aBL) in the visible spectrum
of 400470 nm could be a potential intervention
technology for treating surfaces. Several microbial
species are susceptible to aBL, but a systematic
comparison for efficacy of aBL against food related
bacteria is largely missing in the literature. This study
was conducted to determine the broad-spectrum
effect of aBL against selected foodborne pathogenic
and food spoilage bacteria.

Methods

Strains of Listeria monocytogenes (Lm), Salmonella,
Cronobacter, E. coli, and Pseudomonas were
inoculated in tryptic soy broth (TSB), phosphate
buffered saline (PBS), and on stainless steel (SS)
coupons. Coupons were dried overnight. Viability
was determined after exposure to 405 nm aBL at
4 °C and room temperature. Time of exposure was
based on irradiation dose, 1,500 and 1,700 J/cm? for
liquid cultures and dry cells, respectively. Dry cells
were resuspended by sonication before plating.
Counts were calculated by standard plating on tryptic
soy agar after incubation at 37 °C for 24-48 h.
Statistical analysis were conducted using ANOVA.
Results

Viable counts of all species were reduced > 6 Log
CFU/ml when incubated in TSB during aBL
treatment, but in PBS, except for Pseudomonas,
viability decreases of < 2.1 Log CFU/ml were
observed. Pseudomonas was the most susceptible
bacteria to aBL at all conditions, inactivated more
than 6 Log CFU/ml or coupon. The viability of
Cronobacter and Salmonella dried cells remained

within 1.5 Log CFU less than controls after treatment.

In contrast, viability reductions of L. monocytogenes
and Pseudomonas dried cells were > 3 Log CFU
(p<0.05). No significant temperature effect was
determined at any experimental condition. (p>0.05).
Significance

These findings suggest that the susceptibility to aBL
may be variable among different food-relevant
bacterial species.
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Figure 1. Viability reduction of bacterial cells
suspended in tryptic soy broth after exposure to aBL
(Irradiation intensity = 70 mW/cm2).

Table 1. Statistical analysis of cell reductions after 3
h of exposure of dried cells on SS coupons: effect of
species (ABCDE) or temperature (ab), at p < 0.05.

Reductions (Log CFU/ml)

4°C Room temp.

Pseudomonas 7.642 7.6%a

E. coli 3.6¢2 4,38

Listeria 4.98Ba 3.1Cb

Salmonella 1.5Da 1.4Pa

Cronobacter 0.3Fe 0.6P2
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Pathway-based metabolomics reveals the biosynthesis of key flavor
compounds in apple

Min Jeong Kang', Keono Kim?, Aria Grace Morrill', Jeehye Sung?, Joon Hyuk Suh'
" Department of Food Science and Technology, College of Agricultural and Environmental Sciences, University of
Georgia, Athens, GA 30602, USA
2 Department of Food Science and Biotechnology, Andong National University, Andong 36729, South Korea

. SUMMARY

Apple (Malus domestica Borkh.) is globally
consumed fruits, with production in the U.S,
surpassing 11 billion pounds in the 2010s'. The
flavor of apples is a crucial factor in determining
consumer acceptance and market price. Our
previous research had identified key flavor
compounds  significantly influencing  sensory
attributes and consumer preference of apples2. As a
follow-up, the present study aimed to elucidate the
formation (biosynthetic pathways) of those key flavor
compounds in different cultivars of apples using a
pathway-based metabolomics.

Through this work, we identified major metabolic
pathways for apple flavor synthesis. Pathways
including tricarboxylic acid (TCA) cycle, amino acids
metabolism, and butanoate metabolisms were
associated with key aroma compounds (e.g. butyl
acetate, 2-methylbutyl acetate) of apple. Ascorbate,
myo-inositol, and carbon fixation pathways were
linked to key taste compounds (e.g. tartaric acid,
sucrose) of apple.

Our result demonstrated metabolic flux towards
pivotal metabolic pathways, contributing to the
formation and regulation of key flavor compounds in
apple. Collected information will be used as
preliminary data for the quality control of apple in the
field. The identified pathways will also provide
insights into the selection of related genes/proteins
(breeding markers) within the pathways for the
breeding of apple cultivars with desirable flavor traits.
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Figure 1. Metabolite mapping on the key flavor
formation pathways from different apple cultivars.
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Influence of stunning methods on sensory characteristics of chicken
breast meat using electronic senses

Sungeun Cho, Linda Barahona, Michelle Hayden, Md Shakir Moazzem

Department of Poultry Science, Auburn University, 260 Lem Morrison Drive, Auburn, AL, 36849

I. INTRODUCTION

Electrical water bath stunning (ES) is the most
common method for poultry stunning prior to
slaughter in the United States. However, from an
animal welfare standpoint, the ES performs poorly
due to stressful and painful shackling before moving
to the electrified water bath. Controlled atmosphere
stunning (CAS) method, involving a variety of gas
mixtures, is considered the ideal stunning method in
that it causes the minimum of avoidable pain and
suffering to the birds. In this study, we evaluated the
aroma and taste of ES and CAS chicken breast meat
using Electronic Tongue (e-tongue, a-Astree Il E-
tongue, Alpha MOS, Toulouse, France) and
Electronic Nose (e-nose, Heracles Neo E-nose,
Alpha MOS).

lll. MATERIALS AND METHODS
The aroma and taste of ES and CAS chicken breast

meat at 0, 2, 4, and 6 hr post-mortem were evaluated.

Furthermore, the ES and CAS samples were stored
at -20°C and analyzed for four consecutive days
(Days 1 to 4) to investigate the changes in aroma
and taste over time using e-tongue and e-nose,
respectively. The chicken breast samples (20 g) for
e-tongue were homogenized with distilled water (200
mL), filtered with cheesecloth, and then centrifuged
at 1500 rpm x 20 min. The samples were filtered
again using 0.4 pum vacuum filters. Two grams of
chicken breast were minced and placed in 20 mL
vials for e-nose analysis. The vial was incubated for
20 min at 60°C for headspace analysis. Hydrogen
gas was used at 1 mL/min flow rate to carry the
volatile compounds into the two capillary columns
(MXT-5 and MXT-1701) with two Flame lonization
Detectors. The final temperature of the analysis
sequence was increased up to 250°C at 10°C/s
temperature increment from the initial 40°C
temperature.

IV. RESULTS

The results showed that the aroma and taste of ES
and CAS stunned chicken breast at 0, 2, 4, and 6 hr
post-mortem were not distinguishable as no
separations were found on the aroma and taste
maps obtained through the Alpha MOS proprietary
software. Similarly, the aroma and taste of ES and

CAS samples were not distinguished over the four
days. The only difference we found was that the
aromas of both ES and CAS samples on Day 1 were
clearly separated from Days 2 to 4. This means that
the aroma of never-frozen chicken breast meat was
well distinguished from the chicken breast meat
stored at -20°C for at least one day or longer.

V. CONCLUSIONS

CAS chicken breast meat showed no differences in
aroma and taste quality compared to ES stunned
meat.
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Figure 1: Aroma map of electrical stunned chicken breast
(a) and gas stunned chicken (b) stored at -20°C for four
days using an electronic nose.
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Advancing Sustainable Food Production Through Synthetic Biology

Eun Joong Oh'
'Department of Food Science, Purdue University, West Lafayette, IN 47907, USA

I. INTRODUCTION

For centuries, the chemical and pharmaceutical
manufacturing industries, driven by chemical
synthesis, have significantly contributed to the rapid
growth of the global economy. However, this
progress has come at the cost of environmental
pollution and degradation, posing threats to human
health and well-being. As awareness of
environmental conservation grows and petroleum
resources dwindle, the pursuit of sustainable, green
production methods using renewable raw materials
has emerged as a crucial pathway for sustainable
development. In this context, microbial cell factories
offer a promising alternative, boasting rapid growth,
environmentally friendly processes, and no
competition with land or food resources.

Il. OBJECTIVES

In recent times, yeast cell factories have gained
widespread use in the synthesis of food ingredients
and value-added chemicals, owing to its
demonstrated  suitability  for  industrial-scale
production of various products.

A. Engineering yeast strains capable of converting
carbon sources from cellulosic biomass into value-
added products

Conversion of agricultural biomass to value-added
products using microbial fermentation is an
attractive option to substitute petroleum-based
production economically and sustainably. Therefore,
sustainable and cost-effective feedstocks for
bioconversion are critical for industrial fermentation
strategies. Since widely used cell factories such as
Saccharomyces cerevisiae cannot ferment carbon
sources in agricultural residues, research efforts
have been focused on developing engineered yeast
strains capable of co-utilizing carbon sources in the
hydrolysates of biomass. Dr. Oh explored the
potential of heterologous pathways to enable the
assimilation of non-glucose carbon sources, such
as cellobiose and xylose, as a strategy for
enhancing cellular metabolism and increasing the
yield of desired compounds.

B. Developing a bioengineered probiotic yeast-
based precision therapeutic platform for gut health
Advanced engineered probiotics present distinctive
characteristics for potential therapeutic applications
in disease management. Saccharomyces boulardii,
a probiotic yeast, demonstrates rapid proliferation at
37°C, allows for straightforward transformation, and
possesses the ability to synthesize therapeutic
proteins within the gastrointestinal tract. Dr. Oh’s
lab constructed engineered probiotic yeast strains
capable of producing the ketone body (R)-3-
hydroxybutyrate (3HB). 3-HB is the predominant
constituent of ketone bodies in animals, acting as
an energy substrate during starvation or exercise.
In addition to its role in energy provision, 3-HB is
regarded as a therapeutic agent.
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Dietary Curcumin Attenuates Hepatic Cellular Senescence by
Suppressing MAPK/NF-kB Signaling Pathway in Aged Mice

Da-Yeon Lee', Su-Jeong Lee’, Yoo Kim'
'Department of Nutritional Sciences, Oklahoma State University, Stillwater, OK 74078, USA

I. SUMMARY

This study provides a potent anti-aging mechanism
of curcumin in which gene and protein expression
levels related to the hepatic cellular senescence
pathway are suppressed.

Il. OBJECTIVES

Aging is a time-dependent functional decline that
causes cellular senescence in metabolic organs,
eventually inducing age-related metabolic disorders.
Curcumin (CUR), the primary curcuminoid from the
spice Curcuma longa L. (turmeric), is well-known for
its antioxidant and anti-inflammatory properties, but
it is still unclear whether CUR has anti-aging
properties. This study aimed to explore the role of
CUR on hepatic cellular senescence in a diet-
induced obesity (DIO) aged mouse model.

lll. METHODS

18 to 20-month-old male C57BL/6 mice were fed a
normal chow diet (NCD), an NCD with 0.4 % (w/w)
CUR (NCD+CUR), a high-fat high-sugar diet
(HFHSD), or an HFHSD+CUR (n = 7-9 each) for 15
weeks. To identify the differentially expressed genes
(DEGS) in the liver, we used RNA-Seq based on the
Gene Ontology (GO) terms and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway analysis.
For validation of hepatic transcriptomic data, we
conducted gPCR to analyze senescence-associated
secretory phenotypes (SASPs) and immunoblotting
to detect proinflammatory proteins.

IV. RESULTS

A. Curcumin alters hepatic senescence-related gene
profiling

Of 157 combined senescence gene lists from GO
term and KEGG pathway analysis, 75 genes showed
significant changes in CUR-fed mice compared to
the controls, and most of these genes were
downregulated in the HFHSD+CUR group.

B. Curcumin suppresses MAPK signaling pathways
in aged mice

Our results showed that CUR supplementation
suppressed mitogen-activated protein kinase (MAPK)
signaling cascades in the liver, particularly c-Jun N-
terminal kinase (JNK) in aged mice and p38 in DIO
aged mice.

C. Curcumin regulates senescence-associated
inflammatory pathways in aged mice

Dietary CUR decreased the phosphorylation of
nuclear factor-kB (NF-kB), a downstream
transcription factor of JNK and p38," and inhibited
mRNA expression of proinflammatory cytokines
(Cxcl2, Cxcl10, IL-6, FoxO3) and SASPs.
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Figure 1: A schematic diagram regarding the role of
curcumin in hepatic cellular senescence pathways.
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Systems Genetic Analysis of Atherosclerosis and Gut Microbiota in a

Diet-induced Hyperlipidemic Diversity Outbred F1 Mouse Population
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'Department of Nutrition, University of California, Davis, CA, USA
°Korea Institute of Science and Technology (KIST), Gangneung, Gangwon-do, Republic of Korea

I. BACKGROUNDS & AIMS

Atherosclerosis is a precipitating event in the
development of cardiovascular disease. Recent
studies report that gut microbiota contributes to the
pathogenesis of cardiovascular disease, including
metabolic syndrome. While host genetic variants are
known factors that affect atherosclerosis
development and gut microbiota composition, the
mechanisms underlying genetic variations are not
yet clear. Here, we interrogated atherosclerosis
regulatory networks in hyperlipidemic Diversity
Outbred mice to reveal key insights into control of
atherosclerosis using system genetic approaches of
cardio-metabolic traits, microbiome and liver
transcriptome.

Il. STUDY DESIGN & METHODS

We collected offspring (238 female and 234 male
mice) from a cross between transgenic male
C57BL/6J mice, which were made susceptible to
atherosclerosis by microinjection of human
apolipoprotein E-Leiden and cholesterol ester
transfer protein genes, and ~200 female DO mice, a
population derived from 8 inbred strains. We fed the
offspring a high fat/cholesterol diet for 12 weeks. We
then examined over 30 cardio-metabolic traits, fecal
microbiota compositions using 16S rRNA gene
sequencing, and global liver gene expression using
RNA-sequencing. To elucidate the association of
genetic factors and phenotype, we performed
quantitative trait locus (QTL) analysis.
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Figure 1: Circos plot showing an overview of genetic
regulation of cardio-metabolic traits and microbial
taxa abundance at 24 weeks. The outermost track
shows the LOD profiles of microbial ASV levels on
chromosomes. The middle track represents the LOD
profiles of microbial taxa. The innermost track
represents LOD profiles of cardio-metabolic traits.
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New insights into the role of piceatannol in cancer-associated cachexia

Kee-Hong Kim?, Jonathan C. Kershaw?
'Department of Food Science, Purdue University, West Lafayette, IN, USA, 2Department of Public and Allied
Health, Bowling Green State University, Bowling Green, OH, USA

Cancer-associated cachexia (CAC) is a
progressive metabolic disorder associated with
adipose tissue and skeletal muscle wasting,
thereby contributing to the devastating impact
on patient quality of life. CAC is highly
associated with cancers of the pancreas,
esophagus, stomach, lung, and liver.
Moreover, a side-effect of chemotherapy
regimens is often associated with cachexia
(i.e., anticancer drug-induced cachexia). A
growing body of literature suggests that
depletion of adipose tissue in cancer patients is
an early event of CAC followed by muscle loss,
and it has been attributed to an aberrant
increase in adipose lipolysis. While lipolytic
enzyme-catalyzed lipolysis of triglycerides in
adipocytes is known to supply the body with
free fatty acids in periods of high-energy
demand and nutrient deficiency, cancer- and
anticancer drug-induced lipolysis plays a key
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role, in part, in promoting energy expenditure,
inflammation and tumor metastasis in the
patients. This in turn weakens the treatment
efficacy of the chemotherapy and compromises
patients’ quality of life and mortality. Despite
significant efforts being given to translational
research and clinical trials with cancer patients,
efforts on treating CAC, and relieving
chemotherapy-induced cachexia are less
appreciated. This seminar will primarily focus
on the biochemical investigation of the role of
piceatannol, a dietary stilbene found in various
fruits such as passion fruits and grape, in
adipose lipolysis. The therapeutic potential of
piceatannol-inhibited adipose lipolysis in CAC
and anticancer drug-induced cachexia will also REFERENCE

be discussed. Collectively, our data presented 1. Kershaw, J.C., Elzey, B.D., Guo, X, Kim, K.H.
in this seminar will support the novel function of 2022, Piceatannol, a dietary polyphenol,
piceatannol in the treatment of cachexia protects adipose tissue from cancer-associated
induced by cancer cells and chemotherapy. wasting via inhibiting lipolysis, Nutrients

(doi.org/10.3390/nu14112306)

Figure 1: Piceatannol prevents cancer-associated
lipolysis by inhibiting adipose lipolysis. This, in turn,
protects C26 colon carcinoma-bearing mice from
cancer-induced weight loss.
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Protective Effects of Dietary Curcumin on Type 3 Diabetes

Gopal Lamichhane', Jing Liu?, Su-Jeong Lee?, Da-Yeon Lee'! and Yoo Kim'
'Department of Nutritional Sciences, Oklahoma State University, Stillwater, OK 74078,
2 Department of Animal and Food Sciences, Oklahoma State University, Stillwater, OK 74078

. INTRODUCTION

Increased burden of metabolic diseases and aging
population comes with an alarming incidence of
Alzheimer’'s disease. In this study, we aim to
evaluate the protective effect of curcumin, a
bioactive flavonoid, in cognitive and metabolic
functions, and regulation of gut microbiome using
high-fat high-sugar diet (HFHSD) fed Alzheimer’s
disease-induced 3xTg mice and cross-interaction
between brain/liver and gut microbiome.

Il. MATERIALS AND METHODS

Eight months old 3xTg mice were divided into 4
groups fed with a normal chow diet (NCD) or a
HFHSD alone and supplemented with curcumin and
control mice were divided into 2 groups with NCD
and HFHSD as dietary controls for 14 weeks.
Phenotypic parameters, behavioral changes were
evaluated for all groups. After 14 weeks, RNA
sequencing for the hippocampus and liver was
conducted to evaluate transcriptomic changes
among the groups and analyzed for differential
expression of gene using Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis and
gene ontology (GO) terms. Feces samples were
analyzed for 16s rRNA to investigate alteration in
microbiota by curcumin supplementation.

lll. Results and Discussion

HFHSD fed 3xTg mice showed higher body weight
gain than HFHSD fed control mice. Curcumin
supplementation in HFHSD-fed group significantly
lowered body weight gain compared to non-
supplemented group. For evaluating a cognitive
function in the neurodegenerative mice, we
performed spatial memory test using a Y-maze. We
observed that HFHSD feeding aggravated cognitive
dysfunction compared to NCD feeding in 3xTg mice.
However, curcumin supplemented HFHSD-fed 3xTg
mice attenuated memory impairment than mice fed
HFHSD alone, implying curcumin prevents spatial
memory loss. Transcriptomic analysis data support
these results: 1) curcumin supplementation changes
genes related to fatty acid metabolism, microbody,

and peroxisome in the liver and 2) dietary curcumin
alters calcium signaling pathway related genes in the
hippocampus. Furthermore, curcumin increased
microbial diversity and richness in gut of mice as
represented by increased amplicon sequence
variants (ASVs), Pielou’s evenness index, and
Shannon index in treated animals, which is also
supported by weighted and unweighted UniFrac
analysis. Of particular, group of Muribaculaceae,
Acetatifactor, Lachnospiraceae, Ruminococcaceae
and Flintibacter bacteria were increased in curcumin
supplemented group compared to non-treated 3xTG
mice.

Curcumin protects neurodegenerative-associated
weight gain and memory impairment by altering
signaling in the liver and brain combining with
changing gut microbiota compositions.
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Development of a method for risk assessment of organic pollutant expo-
sure using monitoring data in the agricultural sector

Sang-lk Suh', Hyo Sub Lee?, Minho Son?, Gunwoo Nam', Jinuk Jang', Seo Jin Ki*
'Department of Environmental Engineering, Gyeongsang National University, 2Rural Development Admin-
istration (RDA), Residual Agrochemical Assessment Division, 3Digitalplatform HQ, Podo inc., “Department of
Environmental Engineering, Gyeongsang National University

ABSTRACT

Pesticides have become indispensable in modern
agriculture; nonetheless, their application also pre-
sents probable hazards to human health and the
ecosystem. Hence, it is essential to formulate profi-
cient approaches for assessing the risks associated
with the use of pesticides to determine their potential
adverse impacts, This study was conducted to de-
velop an initial hazard assessment method for agri-
cultural organic pollutants in Korean soil and agricul-
tural water using monitoring data. The input data
used for analysis included nationwide monitoring
data of 118 agricultural contaminants collected from
300 monitoring sites of orchards and soils in 2018
with pesticide properties and toxicity information col-
lected from the Pesticide Properties Database
(PPDB), which composed 12 input variables. Princi-
pal Components Analysis (PCA) was applied to ex-
tract the main components of the monitored agricul-
tural pollutants to identify pesticides with relatively
high hazardous levels in the initial screening phase.
Furthermore, cluster analysis was utilized to classify
the investigated pesticides into more precise catego-
ries based on their level of risk. Based on the col-
lected data, the risk quotient (RQ) of each pesticide
was calculated. Then, the total RQ of all detected
pesticides at each site and the total RQ of the group
of highly hazardous contaminants were separately
computed. The time taken for each RQ reached be-
low 1 was calculated to compare their relative levels
of toxicity. The PCA revealed 3 principal components,
which accounted for 61.2% of the total variance.
From the 118 organic pollutants, 34 pesticides were
identified as having relatively high environmental
toxicity. Through cluster analysis, it was found that
classifying into three clusters according to the rela-
tive level of environmental risk was statistically the
most significant Further detailed classification of the
clusters revealed that seven pesticides had the high-
est relative environmental risk among the 118 or-
ganic pollutants examined. Based on the RQ at
Chungnam 21, it was found that the time required for
the RQ of the total group of detected pesticides and
the group of pollutants with high risk levels to de-
crease to 1 or less was the same. The findings of this
study suggest that the selected pesticide risk index

derived from PCA analysis and cluster analysis can
be used as an initial screening model to assess the
environmental risk of an area more efficiently. More-
over, it is expected to be useful for the development
of a Korean future integrated risk assessment sys-
tem that incorporates exposure models (such as FO-
CUS) and artificial intelligence algorithms with con-
tinuous monitoring data.
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Figure 1: The total amount of residual pesticides
detected in agricultural water by each monitoring
site in Korea (2018).
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Autonomous Stand Counting in Field Pea using Aerial Imagery

Jeong-Hwa Kim', Aliasghar Bazrafkan2, Harry Navasca', Mario Morales', Josephine Princy
Johnson', Paulo Flores?, and Nonoy Bandillo’
'Plant Sciences, North Dakota State University, Fargo, ND, 58108,
2Agricultural Biosystems Engineering, North Dakota State University, Fargo, ND, 58108

I. BACKGROUND

Early-season stand count in field pea is critical to
evaluate the germination and emergence of the
planted seed and can potentially alert farmers to
potential issues due to planting, insects, diseases,
and/or environmental factors. In addition, timely
stand counting can guide farmers for any replanting
decision. However, manual counting of pea
seedlings is time consuming, costly, destructive, and
subject to human error, which evoke the necessity to
develop a robust and high-throughput phenotyping
tool to better predict this complex trait under field
condition.

Il. HIGHLIGHTS

This study aims to develop a robust and high-
throughput phenotyping platform for measuring
stand count in field pea using deep leaning
algorithms and unmanned aerial systems (UASs)
collected data. A field-based trial with 300 genetically
diverse field pea genotypes was conducted. The
aerial view of each plot using red—green-blue (RGB)
cameras. Aerial view of each plot was imaged using
red—green-blue (RGB) cameras and the image-
derived indices were compared with manually
collected stand count data.

Our preliminary results show that estimated
stand count_had a modest positive correlation with
manual stand count with Pearson’s correlation
coefficient (r = 0.44), and comparatively high
correlation with approximate stand count and canopy
height (r = 0.76 and 0.57, respectively). Further
evaluation of other image-derived parameters is
necessary to select indices for better prediction of
stand count of field pea seedlings.
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Figure 1: Workflow of image acquisition and
analysis.
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Effects of Berry Volatile Extracts on LPS-induced Intestinal
Inflammation in a Caco-2/RAW264.7 Co-culture Model

Inah Gu', Cindi Brownmiller!, Luke Howard®, Sun-Ok Lee'
'Department of Food Science, Division of Agriculture, University of Arkansas

INTRODUCTION
Berry volatiles are responsible for the aroma of
berries. However, their impacts on intestinal

inflammation are unclear. Intestinal inflammation can
alter gut microbiota composition, leading to
gastrointestinal inflammatory diseases.

OBJECTIVES

This study investigated the impact of black
raspberry, blueberry, and blackberry volatile extracts
on intestinal inflammation using a co-culture model
of Caco-2/RAW264.7 cells.

MATERIALS & METHODS

Caco-2 cells were seeded onto 12-well transwell
apical side and fully differentiated. RAW264.7 cells
were seeded onto basolateral side and co-cultured
with Caco-2 cells after 24 h incubation. Berry volatile
extracts with 25-fold dilution were pretreated to
Caco-2 cells for 1 h, and lipopolysaccharide (LPS)
was used to induce inflammation in RAW264.7 cells
for 24 h. Cell culture supernatants from basolateral
side were collected for analyzing the production of
pro-inflammatory mediator and cytokines, such as
nitric oxide (NO), interleukin-6 (IL-6), and tumor
necrosis factor-a (TNF-a).

RESULTS

The results showed that LPS stimulation
significantly increased the production of pro-
inflammatory mediator and cytokines, NO, IL-6, and
TNF-a. However, blueberry and blackberry volatile
extract treatments significantly suppressed the LPS-
induced overproduction of NO, IL-6, and TNF-a.
Berry volatile extracts with 25-fold dilution did not
affect the cell cytotoxicity of Caco-2 cells.

SUMMARY

These findings suggest that blueberry and
blackberry volatiles have the potential as functional
food components with gastrointestinal protective
effects due to their anti-inflammatory properties.

ACKNOWLEDGEMENTS
The research was supported by the Arkansas
Bioscience Institute.

REFERENCES

1. Gu, |., Brownmiller, C., Stebbins, N. B.,
Mauromoustakos, A., Howard, L., & Lee, S.-O,
“Berry Phenolic and Volatile Extracts Inhibit
Pro-Inflammatory Cytokine Secretion in LPS-
Stimulated RAW264.7 Cells through
Suppression of NF-kB Signaling Pathway,”
Antioxidants, 9(9), Article 9, 2020.

85

UKC 2023



System Dynamics Model for Autonomous and Controlled Environment

Potato Production System
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I. INTRODUCTION

Smart farming using technology-monitored
controlled environment agriculture (CEA) has re-
cently evolved to optimize crop growth while
minimizing land use and environmental impacts,
especially for climate-threatened regions. This study
focuses on the development of an autonomous and
small-scale CEA using system dynamics modeling to
provide alternative food resources in a changing
climate. The designed CEA is equipped with Internet
of Things (loT) to monitor the physiological
parameters, including (pH, electric conductivity (EC),
PH, and water temperature) (WT) associated with
plant growth. Two varieties of tomato (Solanum
lycopersicum) plants were used in this study with
using two nutrients input (with N-P-K ratios of 2-1-6
and 5-5-5) to assess the nutrient application impact
on the plants. Repeated measure analysis was
conducted to investigate the effects of the
environmental factors in response to changing plant
nutrients. Based on the analysis, the proposed CEA
was simulated and improved using a system
dynamics (SD) approach by exploring managing the
optimum ranges of the environmental factors.

Il. SYSTEM DESIGN AND OPERATION

The experiment was conducted in a
controlled environment hydroponic set-up at the
facility of the University of Idaho, Boise, US
(43°36'32.2"N 116°11'37.8" W). An autonomous and
economically feasible hydroponic system was
designed for sustainable tomato production. Two
types of tomato (Solanum lycopersicum) plants used
in this experiment: regular-size cherry tomato (CT:
heirloom indeterminate), and dwarf-size traditional
tomato (DT: heirloom determinate). Non-genetically
modified organism (Non-GMO) and certified seeds of
the two tomato plants were sown in rock wool grow
plugs for germination and transplanted to the CEA
system later. Basically, seeds were sown in a 25-
millimeter (mm) width, 25 mm length, and 25 mm
height grow plugs where each grow plug contains 3
seeds. The grow plugs were placed in a plastic dome

of 508 mm length, 245 mm width, and 177 mm height.

The dome was placed on a heat mat and T5
fluorescent grow light was provided to facilitate
germination processes. The amount of water
provided for seed germination is about 2 liters with
no nutrients added to the system. The seeds were
sown on July 27, 2022, for cherry tomato (CT:
heirloom indeterminate) plants and on September 27,
2022, for dwarf-size traditional tomato (DT: heirloom
determinate) plants. Seedlings were noticed to
emerge on July 29, 2022, for CT and September 30,
2022, for DT and were ready to be transplanted
within 7 days.

quired.

lll. RESULTS & DISCUSSION

The result shows that different nutrient
compositions have a significant effect on both pH
and WT (p < 0.001) as opposed to EC. Since EC, pH,
and WT were found to be close to the optimum value
with the 5-5-5 nutrient, the study indicates that the
proposed autonomous CEA would be a promising
solution for high tomato vyield. Based on the
preliminary result, the SD model performs well to
evaluate aquaponic simulations by maintaining the
optimum value of the environmental factors,
including water levels. We anticipate that the
proposed CEA system will be widely adapted to
promote urban indoor agriculture in a changing
climate, ultimately contributing to a space farming
initiative administrated by the National Aeronautics
and Space Administration (NASA) in years to come.
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Progress and Trends in Artificial Intelligence for Colonoscopy
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l. Introduction

In this paper, we aim to introduce the research
trends on how the application of Al in the field of
colonoscopy has evolved, mainly through three
applications. We also wish to discuss how Al will
develop and be applied in the future.

Il. Computer-aided Diagnosis for Colonoscopy
A. Endoscopist vs Al-assisted Endoscopist’

We developed CNN for evaluation of NBIls of
diminutive colorectal polyps, based on ENAS. We
trained the CNN using images from 1,100
adenomatous polyps and 1,050 hyperplastic polyps
from 1,379 patients, and then tested on 300 images
of polyps. We compared the accuracy of 22
endoscopists of different skill levels vs the CNN in
evaluation of images. The endoscopists then
evaluated the polyp images with knowledge of the
CNN-processed results.

As a result, the CNN distinguished diminutive
polyps with 86.7% accuracy, and endoscopists
distinguished diminutive polyps with 82.5% overall
accuracy (novices, 73.8%; experts, 83.8%; and
NBI-trained experts, 87.6%). With knowledge of the
CNN-processed results, the accuracy of novice
endoscopists increased to 85.6% (P < .05).

Convolutional Neural Networks (CNN)

Al-assisted
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{

Figure 1. Overview of optical diagnosis of colorectal
polyps using convolutional neural networks with visual
explanations

B. Endoscopist vs Al-assisted (with uncertainty
quantification) Endoscopist

Expanding upon the first study, we conducted
research to validate uncertain polyp cases across
multiple institutions using a type of bayesian deep
learning method known as MC-dropout.

Il. 3D Map Generation for Colonoscopy
Colonoscopic 3D map generation using monocular
colonoscopy has emerged as a novel algorithm that
transforms 2D colonoscopic images into a 3D map.
The proposed algorithm consists of two steps:
uninformative frame classification and deep visual
SLAM. In the first step, to generate a continuous 3D
map, non-informative frames, which are blurry or
occluded by bubbles and other factors, are filtered
out using a classification algorithm. In the second
step, a MonoDepth2-based deep visual SLAM is
trained through self-supervised depth and pose
estimation using colonoscopic images.

lll. Virtual Colonoscopy Simulator

For the effective delivery of endoscopic education, it
is imperative to create naturalistic virtual images of
colonoscopy. The VR-Caps simulator?, although
superior in quality to existing educational simulators,
falls short in depicting consistent color and texture.
The study proposed herein seeks to overcome
these limitations by employing generative models to
create high-resolution texture maps that reflect the
anatomical characteristics of various colon
segments, thereby enhancing the educational
efficacy of the tool.
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Multimodal Interfaces for Immersive Virtual Reality

Jin Ryong Kim

The University of Texas at Dallas

. SUMMARY

Humans perceive the world through multiple
modalities, including the basic senses of sight,
hearing, smell, taste, and touch. For example, a
person in a coffee shop can see nearby people, hear
the ambient noise in that setting, smell the coffee in
their cup, and feel its warmth while holding it. These
modalities work together to provide them with a rich
and reliable sense of their surroundings. A
multimodal human-computer interface is a user
interface that offers different types of sensory stimuli
at the same time (e.g., visual, auditory, haptic,
olfactory, etc.). Multimodal interfaces are necessary
to support multi-sensory experiences, which can
benefit usability and user experience. They can lead
to more “natural” interaction with digital
environments, providing multiple types of sensory
information similar to what we perceive when
interacting with physical environments. It is
challenging to create high-quality multimodal
interfaces: This requires an in-depth understanding
of human perception and device output capabilities
and how these can be combined to make
interactions with a convincing multi-sensory
experience. In this talk, | will discuss how | have
designed and engineered interactive multimodal
interfaces and how they could impact the user
experience by delivering multi-sensory experiences
in an immersive virtual reality. | will also introduce
MetaTwin, a collaborative Metaverse platform that
supports one-to-one spatiotemporal synchrony
between physical and virtual spaces, and how
multimodal interfaces and platforms can play a
significant role in medical applications.

Il. MetaTwin Platform

MetaTwin is a collaborative Metaverse platform that
supports one-to-one spatiotemporal synchrony
between physical and virtual spaces. The users can
interact with other users and surrounding loT devices
without being tied to physical spaces.

Figure 1: Metaverse Platform
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Image-based Deep Survival Learning Model for Risk Stratification of

Cardiovascular Disease using Retinal Fundus Image
Jooyoung Chang'2, Sang Min Park'+2
1 Seoul National University 2XAIMED Co. Ltd.

. SUMMARY

Previously, deep learning(DL)-based retinal fundus
image (RFI) cardiovascular disease (CVD)
biomarkers have been developed by training
models to predict coronary artery score,
atherosclerosis, and other CVD biomarkers. In this
work, we develop an RFl-based CVD biomarker by
training a DL model to predict CVD events using a
technique known as deep survival modelling. We
validate the risk stratification ability of the resulting
deep survival learning-based funduscopic
cardiovascular disease incidence score (DL-FCVD)
using a retrospective cohort.

Il. METHODS

Using data from health examinees at Seoul
National University Hospital — Health Promotion
Center between 2004 and 2016, we constructed a
retrospective cohort with non-mydriatic RFls and
follow up data of incident CVD events. A deep
survival model was trained on 16,666 patients and
validated using 11,100 patients. The resulting DL-
based biomarker was used as an independent
variable in a Cox Proportional Hazards model
adjusting for Framingham Risk Score (FRS) and
other CVD-related covariates.

lll. FINDINGS

The cohort of 11,050 patients were followed
between 2004 and 2017, for a total of 7-33x104
person-years resulting in 2,315 CVD events during
a median follow-up of 6-41 years. After adjusting for
age, sex, HDL, TC, SBP, smoking status, BMI,
drinking habit, exercise frequency, diabetes,
hypertension, and dyslipidemia, high DL-FCVD
patients had significantly higher risk of CVD (HR, 95%
Cl; 2-62, 2:11-3-26) compared to low DL-FCVD.

IV. INTERPRETATION

DL-FCVD was developed using CVD event data
and retinal fundus images using deep survival
modelling. It improves CVD risk stratification
beyond FRS. DL-FCVD may serve as a non-
invasive diagnostic biomarker for risk stratification
of CVD.

FRS Low Risk Subgroup

Total Cohort

Follow Up (years)

FRS Intermediate Risk Subgroup

Follow Up (years)

Figure 1: Survival Curves of Participants by DL-
FCVD Groups among Total Cohort and

Framingham Risk Score Risk Groups

Table 1: Association of DL-FCVD and CVD
Incidence among health screening participants

DL-FCVD Groups

Low Modera Modera  High  p-trend
te Low  te High
DL-FCVD 0-00- 0-17- 0-39- 0-63-
017 0-39 0-63 0-96
Participants 2765 2766 2762 2757
Cases 196 408 687 1024
F/U 10*PY 2:03 1-93 1-78 1-60
Unadjusted 1-00 2:18 3-95 6-48  <0-001
(Ref) (1-84- (3:37-  (5-56-
2-59) 4-63) 7-55)
Adjusted 1-00 1-57 2:22 2:62  <0-001
(Ref) (1-31- (1-84-  (2:11-
1-88) 2:67) 3-26)
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Machine Learning of Colors for mHealth Applications
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Weldon School of Biomedical Engineering, Purdue University, West Lafayette, IN 47907, USA
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l. Introduction

A photograph is more than merely a picture and
contains detailed spectral information that can be
used for digital diagnostic  applications.
Hyperspectral learning enables the recovery of high-
resolution spectra from three RGB color values
acquired by the built-in camera; a detailed full
spectrum in the Vvisible range of light is
mathematically reconstructed from a red-green-blue
(RGB) image. Several research communities (e.g.,
color science and digital imaging) deal with this an
ill-posed problem using different, but related
methods (e.g., sparse regularization, compressive
sensing, machine learning, and deep learning). Our
lab is one of the first groups to combine spectral
learning with spectroscopic analyses of diagnostic
applications. Importantly, this mHealth technology
approach can eliminate the need for expensive
optical components (e.g., spectrometer and bulky
optical filter) that are commonly used in conventional
hyperspectral imaging systems and spectrometers.
We have all seen numerous mHealth sensing
applications that require additional accessories and
bulky components. Simply put, no additional
hardware components are necessary for spectral
learning.

Il. Diagnostic applications of spectral learning

Spectral learning exploits the idea that a photograph
is more than merely a picture and contains detailed
diagnostic information. To overcome limitations of
purely driven machine learning, the domain
knowledge about tissue optics and machine vision
are further incorporated into learning algorithms to
ease the requirement of a large training dataset. We
will discuss clinical applications with a focus of
hemodynamic  parameters, such as blood
hemoglobin content and oxygen saturation, for
several different diseases and disorders. We will also
share our ongoing mHealth research in sub-Saharan
Africa including Kenya and Rwanda. This approach
has reciprocal innovation, allowing mHealth

technologies developed in the resource-limited
settings to be brought back to the US, as
demonstrated in our mHealth surveillance study with
Centers for Disease Control and Prevention.

lil. Outlook

The COVID-19 pandemic has made clear that
mHealth can be used to identify where there is illness
in the community, to protect people from potential
exposure, and to prevent our healthcare systems
from potential collapse. We have all seen numerous
mHealth sensing applications that require additional
accessories and bulky components as a mandatory
attachment to the smartphone. Now taking
advantage of the onboard cameras, mHealth can
offer novel ways to diagnose, track and trace
diseases, improve treatments, and generate
important health data. mHealth can potentially
improve healthcare at a patient level as well a
population level. Machine learning and big data
approaches can increase patients’ access to POC
testing, aiding in treatment, and improving
surveillance. Overall, machine learning powered
mHealth technologies of spectral learning can
potentially offer mobility, simplicity, and affordability
for rapid and scalable adaptation in a variety of digital
health applications, including telemedicine.

REFERENCES

PNAS Nexus, 2:pgad111, 2023, ACS Central
Science 8:513, 2022, Advanced Functional Materials
32:2112479, 2022, Nature Communications 13:247,
2022, Nano Letters 21:921, 2021, 2020, Optica
7:563, 2020, Nature Communications 11:328, 2020,
Annual Review of Biomedical Engineering 22:79,
2020, ACS Photonics 5:881, 2018, Nature
Communications 9:452, 2018, Advanced Science
5:1700863, 2018.

91

UKC 2023



Assessing the generalization of graph neural networks

Kijung Yoon'
"Hanyang University, Seoul, Korea

I. Abstract

Graph neural networks (GNNs) have become
compelling models designed to perform learning
and inference on graph-structured data. However,
litle work has been done to understand the
fundamental limitations of GNNs for scaling to
larger graphs and generalizing to out-of- distribution
(OOD) inputs. In this paper, we use a random graph
generator to systematically investigate how the
graph size and structural properties affect the
predictive performance of GNNs. We present
specific evidence that the average node degree is a
key feature in determining whether GNNs can
generalize to unseen graphs, and that the use of
multiple node update functions can improve the
generalization performance of GNNs when dealing
with graphs of multimodal degree distributions.
Accordingly, we propose a multi-module GNN
framework that allows the network to adapt flexibly
to new graphs by generalizing a single canonical
nonlinear transformation over aggregated inputs.
Our results show that the multi-module GNNs
improve the OOD generalization on a variety of
inference tasks in the direction of diverse structural
features.

Il. Introduction

Graph neural networks (GNNs) have recently been
established as an effective machine learning
models for representation learning on graph-
structured data. Graph is a powerful mathematical
abstraction that can represent the structure of many
complex data, and learning on graphs has been
widely explored in many scientific domains.

Despite the growing empirical success of GNNs in
various fields, the necessity of a deeper
understanding of this model framework has arisen
due to the inconsistent model efficiency across
different tasks and experimental settings. Building
large-scale graph benchmarks is one recent
attempt to address this challenge, and there have
also been significant theoretical studies on the
expressivity of GNNs focused on the isomorphism
task. However, little work has been conducted on

understanding the fundamental limitations of GNNs
for adapting to distribution shifts on graphs, where
systematic differences between training and test
data can significantly degrade model performance.

Recent approaches to OOD generalization
concentrate primarily on images or structural
equation models. However, the nature of the graph
domain is fundamentally different from these works
in that the inputs are not simple image features or
variables, but full of complex irregularities and
connectivity in topology. We hypothesize that the
difference in underlying graph properties of training
and testing datasets (i.e. structural distribution shift)
presents a fundamental challenge to the
extrapolation beyond the range of input distribution.
We are particularly interested in the conditions
under which we can expect GNNs to (not) perform
well in predicting targets for unseen graphs. To
study this question, we use a random graph
generator that allows us to systematically
investigate how the graph size and structural
properties affect the predictive performance of
GNNs.

lll. Contributions

We argue that, among the many graph properties,
the average node degree within each mode of the
degree distribution is a key factor that determine
whether GNNs can generalize to unseen graphs.
Then, we propose and explore methods for using
multiple node update functions as a way to
generalize a single canonical  nonlinear
transformation over aggregated inputs. This
approach enhances the flexibility of the network to
handle shifts in graph properties, resulting in better
control over structural distribution shifts. We
evaluate the performance of the multi-module GNN
framework on the task of approximating marginal
inference for general graphs, solving graph theory
multi-task problems, conducting CLRS algorithmic
reasoning tasks, and benchmarking against OOD
scenarios for real-world graphs.
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ISOTROPIC CELLULAR RESOLUTION ACROSS CENTIMETER FIELD OF
VIEW USING SUBVOXEL AXIALLY SWEEPING LIGHT SHEET
MICROSCOPY (SV-ASLSM)

Juhyun Lee!
'Department of Bioengineering, The University of Texas at Arlington, Arlington, TX

Introduction: Light sheet microscopy (LSM) has
emerged a prominent optical sectioning modality,
due to millimeter penetration depth and ability to tune
optical section thickness from single to several
microns(>20um). However, LSM resolution and
imaging Field-of-View (FOV) is dependent on the
numerical aperture (NA) of the objective lens (OL)
used for producing the light section[1]. Axially
sweeping light sheet microscopy (AS-LSM),
provides promising avenues for decoupling
dependance of NA on FOV[1]. Original AS-SLM
methods sweep the focus spot longitudinally across
the sample, by beam refocusing via mechanical
actuators and a rolling shutter (RS) camera pixel
strategy for capturing extended FOV. However, a
puzzling conundrum of choosing an appropriate NA
without sacrificing resolution is still encountered. To
address the resolution constraint, we propose a new
generation of AS-LSM utilizing maximum likelihood
estimation (MLE) based LSM[1], by off-axis sample
detection with respect to beam propagation axis to
improve voxel density and enable in silico resolution
enhancement.

Materials and Methods: A Voice Coil Actuator (VCA)
was used to offset the optical section at detection
objective lens [2]. A cylindrical lens was used to
focus 1D light sheet into a high working distance
(WD) objective. Furthermore, we have designed a
tilted scan stage for SV-LSM. The off axis scanned
raw volume is split into multiple sub-stacks, that are
treated as low-resolution (LR) volumes containing
redundant information due to significant image
overlap produced by oblique scan. Using MLE, LR
stacks are modelled as probability distributions with
subtle spatial correlations and furthermore, a cost
function based on image degradation operators is

minimized to produce a high-resolution estimate
from LR image volumes[1].

Results and Discussion

Using AS-LSM, we extended the imaging FOV from
700 um (Figure 1A) to 1400 um by axially sweeping
the light sheet beam waist using a remote refocusing
actuator (Figure 1B), enabling arbitrary FOV tuning
(micron-centimeter) independent of NA. Furthermore,
we quantified 5 um fluorescent bead resolution
(Figures 1C-D) as 16 um laterally (Figure 1G) and
19 um axially (Figure 1H) using 1x air detection lens.
Using SV-LSM (Figures 1E-F), we improved lateral
resolution 1.45x to 10 um (Figure 1l) and axial
resolution 1.65x to 11 um (Figure 1J) in silico, using
1x detection and 4x excitation OL’s. Consequently,
MLE-based SV-LSM intrinsically improves 3D voxel
density due to oblique sample scan, regardless of
low lens NA.

Conclusion: We hypothesize integration of SV-LSM
and AS-LSM can be wused fully decouple
dependance of resolution and confocal region on NA,
and thereby enable isotropic cellular resolution using
centimeter WD OL'’s.
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and F= 10 um

Figure 1. Resolution comparison of the imaging system. (A) Original FOV of LSM. (B)
Extended FOV of AS-LSM (C-D) Point spread function (PSF) of AS-LSM. (E-F) PSF of
integration of AS-LSM and MLE. (G-H) Resolution of AS-LSM. (I-J) Resolution of AS-LSM
and MLE. Scale bar of A and B = 650 um. scale bars of C and D = 20 um. Scale bars of E
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Analysis of GAN Artifacts in Breast Screening Mammogram Simulation

Juhun Lee':?
'Department of Radiology, University of Pittsburgh, PA, USA, ?Department of Bioengineering, University of
“Pittsburgh, PA, USA

The number of developments and publications
using Generative Models, such as Generative
Adversarial Networks (GANs), is exponentially
increasing every year. GAN models are now being
used to solve various medical imaging tasks,
primarily to augment the number of trainable
images for deep network algorithms. The basic
assumption of using GAN for augmentation is that it
creates plausible-looking images. While this is
generally true, it is well-known that GAN can create
both visually apparent and subtle artifacts in the
generated images. Depending on the task, such
artifacts could result in negative impacts, such as
false positive or even false negative detection of
diseases. To minimize these negative impacts for
various medical imaging tasks, it is important to
define, categorize, and analyze GAN artifacts for
medical image simulation. In this study, we focused
on the GAN artifacts in breast screening
mammogram simulation.

We adopted a conditional GAN (CGAN) or pix2pix
[1] model to train a GAN that generates a
mammogram with a normal appearance using the
opposite mammogram as guidance [2]. We used
screening mammograms of 1366 women with
normal/healthy breasts to train the CGAN for
mammogram simulation. Then, we tested the
trained CGAN on an independent cancer dataset
with 333 women with dense breasts (97 cancer
cases).

We visually inspected the mammogram simulations
generated by the trained CGAN to identify the
artifacts present in the resulting simulations. We
then defined different types of artifacts based on
their possible reasons.

We found artifacts in the texture and shape of the
simulated breast mammogram. Texture artifacts
were similar to checkerboard artifacts that can be
seen in GAN artifacts in natural scene simulations.
Shape artifacts included deviations from the natural
appearance of the simulation. We observed breast
nipple artifacts as one type of shape artifact in the

simulated mammograms. Texture artifacts, like
checkerboard artifacts, appeared more frequently
than shape artifacts.

We concluded that artifacts exist in mammogram
simulation. As they look different from what we
expect to observe in real mammograms, anyone
who wants to use GAN to augment the
mammogram dataset for training deep algorithms to
analyze breast mammograms needs to understand
the existence of artifacts and consider ways to
minimize the possible negative impacts of these
artifacts.

Figure 1. The CGAN simulated mammogram
without artifacts (left) and with texture and shape
artifacts (right)

ACKNOWLEDGEMENTS

This study has been supported in part by grants
from the National Institutes of Health R37-
CA248207. The author thanks Nvidia for providing a
GPU for this research.

REFERENCES

1. P. Isola, J.-Y. Zhu, T. Zhou, et al., “Image-to-
image translation with conditional adversarial
networks,” in Proceedings of the IEEE
conference on computer vision and pattern
recognition, 1125-1134 (2017).

2. J.Lee and R. M. Nishikawa, “Identifying women
with  mammographically-occult breast cancer
leveraging GAN-simulated mammograms,”
IEEE Transactions on Medical Imaging 41(1),
225-236 (2021).

UKC 2023 94



Ultra-sensitive Silicon Photonic Opto-mechanical Ultrasound Sensor for
Biomedical Photoacoustic Imaging: Proof-of-concept study
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"Department of Robotics Engineering, DGIST, 42988, South Korea

. SUMMARY

The study proposes a new silicon photonic-based
ultrasonic sensor with a thin membrane structure,
allowing for easy fabrication. Compared to previous
techniques, which used a 2 pm-thick membrane
defined by wafer bonding, our approach utilizes
lithography and etching, providing a broader design
space. As a proof of concept, we successfully
created a sensor with a 70 nm-thick membrane,
resonating at 6.5 MHz, and demonstrating a
sensitivity of 0.41uV/Pa and a fractional bandwidth
of 62%.

Il. MAIN BODY

A. Introduction

Optical ultrasound sensors have gained attention
for their superior sensitivity and bandwidth
compared to traditional piezoelectric ultrasound
sensors [1-2]. However, integrating them into an
array has been a major challenge. Photonics
integrated circuits (PICs) offer a promising solution
by fabricating large-scale optical systems on a
single tiny silicon chip. Thus, a PICs-based acoustic
sensor is a great candidate for high-performance
photoacoustic imaging.

B. Methods

The sensor consisted of a bus waveguide, an
optical ring resonator, and an acoustically sensitive
membrane acting as an optical phase shifter. The
mechanical resonance frequency shift of the ring
resonator was detected when the acoustically
sensitive membrane vibrated transversely. The
Lorentzian resonance of the sensor was modulated
by the acoustic pressure, resulting in a change in
optical intensity transmitted through the bus
waveguide. The sensor design, based on CMOS
technology, allowed for an ultra-thin 70 nm
membrane. This thickness was significantly thinner
than previous reports using wafer-bonded acousto-
optic membranes [3]. The sensor was evaluated
immersion condition.

C. Results & Discussion

Fig. (e) shows the measured optical intensity,
indicating the sensed acoustic pressure, and Fig. (f)
shows the corresponding frequency spectrum of the
measured signal. The sensor sensitivity and
fractional bandwidth are 0.41 uV/Pa and 62%,
respectively. The center frequency is 6.5 MHz, with
the bandwidth at 3 dB of 3.1 MHz while the
fractional bandwidth of the acoustic source is
limited to 52%.

lll. ILLUSTRATIONS
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Fig. (a) Optical microscopic image of the sensor array, (b) Single cell structure (¢) Cross
-section along A-A' in (b), (d) Experimental setup, (e) Measured time-domain received
signal of the sensor, (f) Frequency spectrum of the received signal
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Smart Contact Lenses for Glaucoma Care
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. INTRODUCTION

The continuous monitoring of intraocular pressure,
especially during sleep, presents a significant
challenge in the management of glaucoma. In this
study, we introduce a novel category of smart soft
contact lenses that enable uninterrupted monitoring
of intraocular pressure for 24 hours, including
during sleep. Importantly, these smart soft contact
lenses are developed using existing commercial
brands of soft contact lenses, without modifying
their inherent properties such as lens power,
biocompatibility, softness, transparency, wettability,
oxygen transmissibility, and suitability for overnight
wear. Our research demonstrates that these smart
soft contact lenses can seamlessly adapt to various
corneal curvatures and thicknesses in human eyes,
enabling accurate measurements of absolute
intraocular pressure in real-life conditions. To
validate their performance, we conducted
comprehensive in vivo evaluations using rabbit, dog,
and human eyes, encompassing individuals with
normal eye conditions as well as those with
hypertension. The results confirmed the superior
measurement accuracy, within-subject repeatability,
and user comfort of the smart soft contact lenses,
surpassing the capabilities of existing wearable
ocular tonometers. Based on these findings, we
anticipate that the implementation of smart soft
contact lenses will significantly enhance glaucoma
care by providing effective and reliable monitoring
of intraocular pressure.

Il. APPROAH

A. Device Design and Production

Our objective is to develop smart soft contact
lenses capable of monitoring intraocular pressure
for individuals with glaucoma or those at risk of
developing it. The lenses are designed with a focus
on enhancing comfort and usability in comparison
to existing devices available in the market. To
achieve this, we employed soft materials that are
safe for human use to construct a ring-shaped
wireless IOP sensor, which could be seamlessly
integrated with commercially available contact

lenses. To ensure the reliability and longevity of our
lenses, we conducted extensive testing. Enucleated
pig eyes, which closely resemble human eyes, were
utilized to evaluate the wireless sensing capabilities
of our lenses. These experiments provided valuable
insights into the performance of our sensors in a
realistic environment.

B. Clinical Studies in Human Eyes

We initiated pilot clinical tests involving healthy
adult contact lens users to assess the comfort and
effectiveness of our lenses. Throughout this
process, we actively sought feedback from both
users and clinicians, aiming to ensure that our
lenses met their requirements and were user-
friendly. The evaluation encompassed various key
areas, including biosafety, user comfort, lens fit,
visual field, overnight wearability, ease-of-use, and
measurement accuracy of our scleral lenses in an
ambulatory setting. To establish a comprehensive
benchmark, the findings were compared with data
obtained from existing ocular tonometers. Through
this comparison, we sought to assess the
performance of our lenses and identify potential
areas for improvement. Throughout the process,
valuable feedback was gathered from both end-
users and clinicians, enabling us to refine and
optimize the design of our scleral lenses.

lll. ILLUSTRATIONS

Figure 1: Smart soft contact lens in a human eye
designed for continuous monitoring of glaucoma.
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Microbead-based Biomaterials for Cellular Inmunotherapy
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I. INTRODUCTION

Cellular immunotherapies using T Ilymphocytes
exemplified by tumor-infiltrating lymphocytes and T
cells engineered with exogenous receptors (T Cell
Receptors or Chimeric Antigen Receptors) have
achieved tremendous success and progress in
various cancer treatments. However, these
therapies are still hampered by a few remaining
challenges such as inconsistent engraftment upon
adoptive transfer, diminished efficacies in tumor
microenvironments, toxicities, and astronomical
manufacturing costs. In this presentation, two
microbead-based biomaterial designs that have
been recently proposed as innovative ways to
alleviate some of these obstacles will be discussed.
Lastly, we will also discuss B cell immunotherapy
developed by the use of a similar strategy as one of
the next cellular immunotherapies on the horizon.

Il. OPTIMIZED T CELL ACTIVATION BY NOVEL
PEPTIDE LIGANDS AGAINST CD3e PRESENTED
ON MICROBEADS

Recently, we identified new peptide ligands that can
specifically recognize and bind to human CD3e by
screening peptide phage-display using a subtractive
biopanning process.[1] Out of 13 identified phage
clones expressing unique peptide sequences, one
dominant phage clone demonstrated a superior
binding behavior in the binding assays. Molecular
modeling and docking simulation confirmed that the
selected peptide ligand in an energetically stable
conformation binds to a pocket of CD3e that is not
hidden by either CD3g or CD3d. More importantly,
the magnetic microbeads presenting the synthesized
peptide ligands demonstrated a weak but specific
association with a human T cell line, Jurkat cells, and
induced the calcium flux, a hallmark indication of
proximal T cell receptor signaling. This specific T cell
activation signaling induced an enhancement of IL-2
section and cell proliferation. Thus, it indicates that
this platform has great potential in applications of T
cell immunotherapies by enabling proliferation of T

cells without further induction of differentiation to
terminal effector phenotypes which are venerable to
exhaustion and premature apoptosis.

lll. STANDARDIZED CAR-T CELL FUNCTIONAL
ASSAY USING MICROBEADS

We recently have developed and reported a novel
microbead-based biomaterial platform, acellular
artificial target particles against CAR-T cells.[2] By
devising a simple and standardized procedure, we
precisely controlled the antigen surface densities
presented on the microbeads for a wide range. Upon
co-incubation of these microbeads with CAR-T cells
followed by flow cytometry and cytokine assays, we
were able to quantitatively determined the antigen-
specific and dose-dependent activation of anti-HER2
CAR-T cells. This biomaterial platform was also able
to serve as a clean target cell in in-vitro assays to
prove the proposed mechanism of action of a next-
generation CAR-T product. Overall, the simple,
inexpensive, modular and precisely controllable
synthetic biomaterials platform provides some
critical advantages over the conventional assays
using target cell lines, and thus has great potential
as a standardized tool for the development and
evaluation of both conventional and new CAR-T
products in the context of regulatory approval and
clinical translation.
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In vivo evaluation of fractal microelectrodes for Vagus nerve stimulation
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Center for Implantable Devices, Weldon School of Biomedical Engineering, Birck Nanotechnology
Center, Purdue University, West Lafayette, IN, USA

I. INTRODUCTION

Vagus nerve stimulation (VNS) has the potential to
treat various peripheral dysfunctions, but the
traditional cuff electrodes for VNS are susceptible to
off-target effects. Microelectrodes may enable highly
selective VNS that can mitigate off-target effects, but
they suffer from the increased impedance. Recent
studies on microelectrodes with non-Euclidean
geometries have reported higher energy efficiency in
neural stimulation applications. These previous
studies use electrodes with ~mm/cm-scale
dimensions, mostly targeted for myelinated fibers.
This study evaluates fractal microelectrodes for VNS
in a rodent model (N = 3). A thin-flm device with
fractal and circle microelectrodes is fabricated to
compare their neural stimulation performance on the
same radial coordinate of the nerve. The results
show that fractal microelectrodes can activate C-
fibers with up to 52% less energy (p= 0.012)
compared to circle microelectrodes. To the best of
the knowledge, this work is the first to demonstrate a
geometric advantage of fractal microelectrodes for
VNS in vivo [1].

Il. Methods and Results

To evaluate the performance of the circle and the
fractal microelectrodes in terms of their capability to
recruit axon fibers and energy efficiency, we
visualized the recruitment profile of |Vpp| of the C-
fiber volleys with respect to load energy (Fig. 1). Our
results shows measured activation profiles for VNS
using circle and fractal microelectrodes for each
animal. The stimuli comprised 10 s train duration of
1 ms current-controlled pulses, 5Hz of pulse
repetition frequency alternating cathodic and anodic
pulses: cathodic pulse for the charge injection and
anodic pulse for the charge balancing. To mitigate
the experimental variability in maximum |Vpp| across
animals, we normalized the |Vyp| for microelectrodes
to the maximum value for each animal and computed
a grand mean (and 95% CI) across animals. The
average normalized |Vpp| profile from all three
animals shows higher recruitment for fractal
microelectrodes for pulse current amplitudes greater
than 0.1 mA, but the 95% CI overlaps except for 0.4

and 0.8 mA. However, the 50% activation levels of
the normalized |Vpp| for the circle and the fractal are
placed in the range where their 95% Cls do not
overlap, which indicates the significant difference in
activation level at this current range.

Il. Conclusions

In this work, we have shown that the Vicsek fractal
microelectrode can evoke neural responses from
the rat vagus nerve to a 50% activation level with
less energy consumption compared to the circle
microelectrode. The normalized ECAP recruitment
profile shows that fractal microelectrodes consumed
52% + 33% (p = 0.012) less energy to activate 50%
of maximum recruitable fibers. To the best of our
knowledge, this is the highest energy saving among
similar previous works that evaluated various
electrode designs.

Circumferential eloctrode

roslectrode

mmmmmmmm

Figure 1: Schematic of Vagus nerve stimulation
using microfabricated thin-film electrodes
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Advanced Cell and Gene Therapies For Effective CNS Repair Using

Bionanomaterials

KiBum Lee
Dept. of Chemistry & Chemical Biology, Rutgers University
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. SUMMARY

Neurological disorders are a major cause of disability
and death worldwide. These disorders are often
caused by damage to the central nervous system
(CNS), which is the part of the body that controls
thought, movement, and sensation. The CNS is made
up of a complex network of neurons, which are cells
that send and receive signals. When neurons are
damaged, they can no longer send or receive signals
properly, leading to various symptoms, including
paralysis, loss of sensation, and cognitive impairment.
There are a number of potential therapies for
neurological disorders, including gene therapy and
stem cell therapy. Gene therapy is a treatment that
uses genes to repair or replace damaged genes. Stem
cell therapy is a treatment that uses stem cells to
replace damaged or diseased cells.

Both gene therapy and stem cell therapy have the
potential to be very effective treatments for
neurological disorders. However, there are several
challenges that need to be overcome before these
therapies can be widely used. One challenge is that it
is difficult to deliver genes or stem cells to the targeted
CNS injury sites. The CNS is a very complex and
protected system, and it is difficult to get genes or stem
cells to the cells that need them.

Another challenge is that gene therapy and stem cell
therapy can have side effects. Gene therapy can
sometimes cause unwanted changes in the body, and
stem cell therapy can sometimes cause the body to
reject the stem cells.

Despite these challenges, gene therapy and stem cell
therapy are still very promising treatments for
neurological disorders. Researchers are working on
ways to overcome the challenges of delivering genes
and stem cells to the CNS, and they are also working
on ways to reduce the side effects of these therapies.
In this presentation, | will discuss the interface between
nanomedicine, chemical biology, and stem cell
therapeutics. Moreover, a summary of the most
updated results from these efforts and future directions
will be discussed.

. ILLUSTRATIONS

WILEY-VCH

Figure 1: A novel in vivo drug delivery method: to effectively treat
CNS injuries by delivering anti-inflammatory drugs in vivo and
providing a permissive neural matrix using biodegradable
nanoscaffolds. Implantation of drug-loaded nanoscaffolds to spinal-
cord injury sites reduces macrophage infiltration, suppresses fibrotic
scarring, and thereby promotes functional recovery.
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Development of Novel Ultra-low Profile Coronary Stents to Treat Potential In-Stent Restenosis
Mohamed S. Ibrahim!, Moataz Elsisy?, Kara Nghiem?, Chang Hun Kum?*, Jac Hwa Cho*, Gyuhyun Jin*, Sang Hyun

An’, and Youngjae Chun

1,3,6%

'"Department of Industrial Engineering, University of Pittsburgh, PA 15261, USA; Department of Mechanical Design,
Cairo University, Giza, Egypt; *Department of Bioengineering, University of Pittsburgh; “OSSTEM CARDIOTEC Co.,
Ltd., Seoul, South Korea; *Daegu-Gyeongbuk Medical Innovation Foundation Laboratory Animal Center, Daegu, South

Korea; *"McGowan Center for Regenerative Medicine, University of Pittsburgh Medical Center, PA 15213, USA
(yjchun@pitt.edu)

Statement of Purpose: A leading cause of morbidity and
mortality in the United States is cardiovascular disease,
which accounts for >420,000 deaths per year, and
epidemiological studies have estimated that approximately
44% of cardiovascular disease related deaths are attributable
to coronary artery disease (CAD). Endovascular
technologies such as percutancous transluminal coronary
angioplasty (PTCA) and stenting are currently more widely
used since they are minimally invasive and less risky,
however, there are still major complications called
“restenosis” after these procedures. Recently, as the safety
and efficacy of drug-eluting stents with thinner struts have
been demonstrated by short-term clinical trials, it is
necessary to develop a stent with the thinnest possible struts
while maintaining the existing mechanical strength
(diameter less than 70um). This study shows the structural
analysis of the new CoCr stents for the thinner struts and
improved biocompatibility. Finite Element Analysis with
the necessary numerical calculations shows the optimized
geometry and dimensions for the new device considering
tensile and compressive strength of the stent strut, torsional
stiffness, bending, and fracture due to fatigue.

Methods: Two unique designs of CoCr balloon-expandable
coronary stents and a self-expanding pediatric valve frame
made using iron wires and nitinol links were tested. Axial
flexibility was tested using a 3-point bending test based on
the standard guide from the ASTM International for
balloon-expandable vascular stents and stent systems.
Bending moment, midspan curvature, and bending stiffness
were calculated based on the guide, and the plotted results
were used to compare the bending stiffness of the stents and
their commercial counterparts. Radial stiffness was
evaluated by supporting the deployed coronary stent on a
flat, stationary plate and applying force from a parallel plate.
Stress and strain were calculated and plotted to compare the
elastic recoil. Radial force was measured using a Dacron
strip made into a tensile loop system around the self-
expanding frame. This data was then used to calculate and
plot stress and strain to show the elasticity of the stent.
Results: Mechanical test results of two types of newly
developed coronary stents (Stent A and B shown in Fig.
1(A) and (B)) have demonstrated equivalent to
commercially available coronary drug eluting stents widely
used in clinics. Stent A showed an average of

31.6% lower bending stiffness compared to Stent B when
collapsed, and 17.84% lower bending stiffness when in its
deployed state. Stent A showed lower elastic recoil than
Stent B, requiring 144% more force to achieve the same
deformation, however, both stents had a similar permanent
deformation of 500pm. Figure 1(C) shows the results from
the radial stiffness of two stents. Stent A showed
approximately double compared to the Stent B,
demonstrating more ideal structural design compared to
Stent A.

(C)7 Results from the Radial Stiffness Tests

0 005 0.1 015 0.2 025 03 035 0.4 045 05
Strain

Figure 1. (A) Tested stent A, (B) tested stent B, and (C) radial
stiffness results of two types of stents tested and calculated

Conclusions: A series of benchtop mechanical tests were
conducted to validate the design of new ultra-thin coronary
stents. Comprehensive mechanical test results have
demonstrated that Stent A exhibits superior mechanical
performance compared to the Stent B. Our recent outcomes
will provide better solutions for new generation of
coronary stents or other vascular diseases that require
stents.
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A Homozygous IER3IP1 Mutation Causes Secretory Protein Trafficking
Defects in Neural Progenitor Cells

Lucie Yeongran Ahn', Ashleigh Schaffer’
'Case Western Reserve University School of Medicine

. SUMMARY

Microcephaly with simplified gyration, generalized
epilepsy, and permanent neonatal diabetes
syndrome (MEDS) is a severe autosomal recessive
disorder characterized by the aforementioned
clinical features. It is caused by a deleterious bi-
allelic variant in the immediate early response-3
interacting protein-1 (IER3IP1) gene. The role of
IER3IP1 in secretory protein trafficking and the
pathogenesis of MEDS remains elusive. Yos1p, a
yeast homolog, has been reported to be involved in
the anterograde transport of cargos from the
endoplasmic reticulum (ER) to the Golgi via COPII
vesicles. Based on prior research and the clinical
presentations of MEDS patients, we hypothesize
that IER3IP1 regulates secretory protein trafficking
during neurogenesis.

Il. RESULTS

A. Isogenic line generation and characterization of
IER3IP1 homozygous p.L78P mutation

We first corrected IER3IP1 homozygous L78P
mutation using CRISPR/Cas9 from induced
pluripotent stem cells (iPSCs) reprogrammed from
MEDS patient fibroblasts. Then we differentiated
patient derived iPSCs and isogenic controls to
neural progenitor cells (NPCs). The patient NPCs
had reduced expression of IER3IP1 protein
compared to isogenic controls, but the mRNA
expression of IER3/IP1 was not reduced.

B. IER3IP1 p.L78P mutation causes structural
abnormalities in organelles involved in secretory
protein trafficking.

We show that IER3IP1-787L78P |eads to structural
abnormalities in ER and functional secretion defects
in NPCs. IER3IP1 mutation leads to a reduction of
Calnexin, ER marker, expression level and altered
Golgi stacking in IER3IP1-78PL78 NPCs compared
to isogenic controls. Also, IER3IP1-78PL78 NPCs
had swollen ER morphologies and abnormally
stacked Golgi in electron microscopy images
compared to IER3IP1 wildtype NPCs.

C. IER3IP1 p.L78P mutation leads to functional
defects in protein trafficking in NPCs.

Furthermore, | confirmed the variant causes a
defect in secretion using a GFP trafficking reporter
that utilizes FKBP domain. To investigate proteins
that are differentially secreted in |IER3IP1L78PL78P
NPCs, | performed a global quantitative protein

analysis of secretome samples using Tandem Mass
Tagging. The analysis showed that IER3IP1L78P/L78P
NPCs have reduced secreted ECM proteins than
isogenic controls. In summary, we demonstrated
that IER3IP1-78PL78P geen in MEDS patients lead to
structural and functional defects in secretory protein
trafficking in NPCs.

lll. ILLUSTRATIONS
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Figure 1: Characterization of IER3IP1 p.L78P mutation and its impact on
secretory protein trafficking. (A) Western blot for IER3IP1 from NPC lysates

shows p.L78P mutation impairs protein accumulation in a dose-dependent
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manner. GAPDH, loading control. Each dot represents an experimental
replicate. ** p<0.01 (B) Co-immunocytochemistry showing altered cis-Golgi and
trans-Golgi stacking in affected NPCs. Each dot represents a technical replicate.
** p<0.01 (C) Electron microscopy images showing IER3IP1 p.L78P mutation
leads to shortened and swollen ER structures (arrows) and abnormal stacking
of Golgi (dotted lines).
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Osteoporosis Drug Testing on Demineralized Bone Paper

Yongkuk Park', Jungwoo Lee'
'Department of Chemical Engineering, University of Massachusetts Amherst, Massachusetts, 01003

I. INTRODUCTION

Osteoclasts, multinucleated cells responsible for
bone resorption during bone remodeling, play a
crucial role in driving osteoporosis due to their
heightened activity. In order to gain accurate in-
sights into the regulation of bone remodeling and
predict pharmacological responses, it is essential to
recapitulate osteoclast differentiation and function in
vitro. Recent animal studies have revealed the func-
tional integration of osteoclasts and osteoblasts, as
well as the recycling of osteoclasts following bone
resorption. However, existing platforms have limita-
tions when it comes to reproducing and
investigating these newly identified osteoclast pro-
cesses in vitro. To address this gap, we introduce a
new in vitro osteoclast culture and assay platform
that utilizes demineralized bone paper (DBP) in-
spired by osteoid.

Il. Materials and Methods

A midsection of the femur containing mostly com-
pact bone was demineralized through the rapid
demineralization process that we devised previous-
ly. Briefly, after removing outer connective tissue
and dissolving inner marrow fat in a 1:1 methanol-
chloroform solution, the bovine compact bone block
was demineralized in 1.2 N hydrochloric acid with
cyclic pressure up to 4 bar with a 10-s on/off inter-
val while replacing HCI solution each day for 5-7
days. A fully demineralized bone block was cryo-
sectioned with 20 ym thickness. Bone cell assay
was performed by using mouse osteoprogenitor
and bone marrow mononuclear (BMM) cells from
tibia.

lll. Results and Discussion

The selection of biomaterials is crucial for accurate-
ly replicating in vivo-relevant bone remodeling
processes in vitro, as bone-forming osteoblasts and
bone-resorbing osteoclasts develop and function
exclusively on the mineralized bone surface. By
employing an osteoid-inspired demineralized bone
paper (Fig. 1a), we have recreated the cellular and
extracellular complexity of the bone tissue surface
while preserving optical accessibility for fluorescent

microscopy imaging. The process of osteoblastic
bone formation involves the synthesis of a collagen-
based structural framework called osteoid, followed
by mineral deposition. Moreover, DBP is scalable
for production and mechanically durable, facilitating
easy experimental handling. Leveraging these ena-
bling features, we first demonstrated longitudinal
fluorescent monitoring of osteoclast differentiation
in murine BMMs and subsequent bone resorption
on remineralized DBP. Subsequently, we success-
fully recapitulated a bone remodeling cycle,
encompassing osteoclast fusion, bone resorption,
and fission, by stimulating cocultures of osteoblasts
and BMMs on DBP with vitamin D3 and prostaglan-
din E2. Furthermore, we simulated the process of
osteoclast-targeting bisphosphonate drug action on
the coculture model using a fluorescent dye-
conjugated bisphosphonate (Ostensese680) (Fig
1b). The established DBP-based in vitro osteoclast
culture and assay platform holds significant promise
in advancing scalable, functional, and analytical
screening of other osteoporosis drugs. We envision
that advanced in vitro bone models incorporating
DBP will greatly contribute to a deeper understand-
ing of various aspects of bone biology.

Demineralized
bone paper

(5-200pm thick) l1 i l

Con 08680
Figure 1: a, Demineralized bone paper stained with
rhodamine dye. b, Bisphosphonate (OS680) testing
with osteoblasts (red) and osteoclasts (green).
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Spatial Phenotyping of the Glioblastoma Tumor Microenvironment
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l. Introduction

Glioblastoma, the most common primary
malignant brain tumor, is an extremely aggressive
cancer associated with dismal prognosis and poor
quality of life. To improve patient treatment and
survival, it is crucial to understand the heterogeneity
in glioblastoma tissues. Compared to the genotypes
of various subgroups of glioblastoma, the
phenotypes of glioblastoma have been less
extensively studied, especially in a spatial context.
In this work, we use co-detection by indexing
(CODEX) to spatially profile glioblastoma tissue and
identify glioblastoma subtypes using a 46-plex
immune and tissue marker panel.

Il. Materials and Methods

Human formalin-fixed, paraffin-embedded
(FFPE) glioblastoma tissue sections were profiled
with the PhenoCycler-Fusion system, using a 46-
plex immune marker panel to capture the
complexity of the immune state. These antibodies
are tagged with a unique DNA barcode. Tissues are
then imaged corresponding DNA tags are used to
cyclically image tissue via the addition, imaging,
and removal of reporters. Following imaging, cell
segmentation was performed using StarDist. Cell
clustering and marker expression analysis was
carried out using Seurat.

lll. Results

We successfully imaged a comprehensive
46-plex panel of immune and tissue markers on
FFPE glioblastoma tissue. Interestingly, distinct
subtypes of glioblastoma were found spatially
arranged in a ring-like distribution pattern. Further
downstream analysis revealed notable differences
amongst regions, characterized by varying levels of
cell proliferation and leukocyte infiltration, which
mirrored this ring-like structure. Moving forward, we
anticipate that further exploration of the multiplex
data, in conjunction with additional omics data, will
provide deeper insights into the spatial phenotypic
profile of glioblastoma subtypes.

ke

{fh

Figure 1: (a) H&E and multiplex image of
glioblastoma. (b) Spatial map of cell clusters.
(c) UMAP of cell clusters. (d) Expression heatmap.
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Production of animal stealth red cells by cell surface modulation
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I. INTRODUCTION

Blood transfusion has been practiced for centuries
to save human and animal lives. As the pet market
continues to expand, the demand for blood
transfusions in animals is steadily increasing.
However, similar to the situation in humans, there is
a shortage of minor blood groups in animals. In the
case of cats, the AB blood group system has
reported three blood groups. Blood type A is the
most prevalent, while blood type B is found in only
1 % of the feline population in Korea. Type B cats
naturally develop antibodies against type A
antigens, which can lead to potentially fatal
hemolytic reactions if transfused with incompatible
blood. To address this challenge, the manipulation
of red blood cell surface antigens using methoxy
polyethylene glycols (MPEGs) offers a promising
approach to create "stealth" red cells that do not
bind anti-A antibodies. This study aims to determine
the optimal conditions for producing feline stealth
red cells and validate their stealth effect in vitro.

Il. METHODS

Feline red cells of type A were subjected to
PEGylation using mPEG, and the PEGylation
reaction conditions were optimized. Subsequently,
the physical properties of the cell membrane and
the biochemical properties of the pegylated red
cells were assessed, followed by the evaluation of
phagocytosis mediated by anti-A antibodies.

lll. RESULTS

The feline stealth red cells were generated with
mPEG of 2 mM, 20 kDa as determined by
aggregation reaction. When reacted with feline A
antibodies in vitro for up to 24 hours, the Stealth red
cells showed minimal or no aggregation reaction.
Cell membrane stability for cell viability and
biochemical properties related to oxygen transport
capacity of Stealth red cells were not different from
normal feline A typed red cells.

IV. CONCLUSION
It is the first report in veterinary medicine showing
that manipulation of feline A erythrocytes with

activated mPEG can produce universal erythrocytes
suitable for transfusion to B-typed cats.

A. Immunofluorescence staining to determine anti-A antibody
affinity of PEGylated erythrocytes.

Unmodified RBC

mPEG-RBC

B. Evaluation of agglutination test vs. column agglutination
assay at different mPEG concentrations.
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Figure 1: Effect of mPEGylation of feline A RBC on
antibody- mediated agglutination
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A Pillar and Perfusion Plate Platform for Robust Human Organoid
Culture and Analysis

Soo-Yeon Kang', Moo-Yeal Lee'
'Department of Biomedical Engineering, University of North Texas

Il. SUMMARY

Human organoids have potential to revolutionize in
vitro disease modeling by providing multicellular
architecture and function that are similar to those in
vivo. This innovative and evolving technology,
however, still suffers from assay throughput and
reproducibility to enable high-throughput screening
(HTS) of compounds due to cumbersome organoid
differentiation processes and difficulty in scale-up
and quality control. Using organoids for HTS is
further challenged by lack of easy-to-use fluidic
systems that are compatible with relatively large
organoids. Here, we overcome these challenges by
engineering “microarray three-dimensional (3D)
bioprinting” technology and associated pillar and
perfusion plates for human organoid culture and
analysis. High-precision, high-throughput stem cell
printing and encapsulation techniques were
demonstrated on a pillar plate, which was coupled
with a complementary deep well plate and a
perfusion well plate for static and dynamic organoid
culture. Bioprinted cells and spheroids in hydrogels
were differentiated into liver and intestine organoids
for in situ functional assays. The pillar/perfusion
plates are compatible with standard 384-well plates
and HTS equipment, and thus may be easily
adopted in current drug discovery efforts.

Il. ILLUSTRATIONS

(B) Perfusion— a\

gepina Plate sandwiched
with 36PerfusionPlate

Figure 1: The combination of a pillar plate and a
perfusion well plate for dynamic organoid
culture. SolidWorks designs of (A) a 36PillarPlate,
(B) a 36PerfusionPlate, and (C) the 36PillarPlate
sandwiched onto the 36PerfusionPlate. Injection
molding with polystyrene was performed to

manufacture (D, E) the 36PillarPlate and the
36PerfusionPlate for dynamic organoid culture. The
culture media added into the upper reservoirs (URs)
can flow through the microchannels and the
perfusion wells to reach the lower reservoirs (LRs)
by gravity.
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. SUMMARY

This study aims to develop a depression research
system based on the pillar plate platform to
discover target proteins for the treatment of
depression and to validate the interaction of
antidepressants with target proteins.

Il. INTRODUCTION

Depression refers to a wide range of mental health
problems that causes persistent sadness and loss
of interest'. The prevalence of depression in the US
increased from 7.3% in 2015 to 9.2% in 20202
Most studies investigating the mechanisms of
depression have been conducted using two-
dimensional (2D) cultures and animal models, while

several theories of depression, such as the
monoamine, neuroplasticity, and neurogenesis
hypotheses, have been proposed®. However,

animal models are time-consuming, expensive, and
may not fully reflect the disease state of depressed
patients due to differences in genetic, biochemical,
and metabolic processes. Neurons cultured in 2D
are limited in their ability to accurately reproduce
the physiological functions of the real brain that
occur in three-dimensional (3D) cell-to-cell
interactions. To address these limitations, we
developed a 3D culture system using micropillar
chip platforms for human neural stem cells (hNSCs).
lll. RESULT

NSCs were seeded in Aggrewell plates at
specific densities to form uniformly sized spheroids,
which were then collected and precisely printed
onto the pillar plate using a 3D bioprinter. The
neurospheres were cultured on the pillar plate for 5
days in a growth factor-containing culture medium
and then differentiated for 14 days in the absence
of growth factors. The dynamic culture conditions to
enhance the drug delivery effect were established
by changing the tilt of the rocker by 10 degrees at
1-minute intervals to induce culture fluid movement.
Using dexamethasone (DEX)-treated neurospheres,
we created a depression-like environment and

performed analyses to assess brain-specific

biomarkers. We found that most of the genes were

significantly downregulated.
A
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Figure 1: Bioprinted neurospheres on pillar plate
and the effect of DEX treatment. (A) hNSCs, (B)
and (C) formation of neural aggregates, (D) and (E)
bioprinted neurospheres on pillar plate, (F)
coefficient of variation (CV) for neurospheres
printing on pillar plate, (G) gPCR analysis of gene
expression in DEX treatment.
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Estimation of Musculotendon Stiffness and Slack Length Using an
Optimization Algorithm

Hwan Choi’, Sepehr Ramezani'
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I. INTRODUCTION

The level of muscle stiffness and slack length play
an important role in dynamic performance and joint
range of motion. Musculoskeletal modeling is a
useful tool to evaluate the function of joint kinetics
and kinematics that were driven by muscles. As this
musculoskeletal model employs muscle stiffness
and slack length to estimate the muscle forces and
activation, it is important to use subject specific
muscle stiffness parameters. However, the current
musculoskeletal model uses an average muscle
stiffness and slack length of unimpaired individuals,
the outcome of modeling simulation result is often
discrepant with directly measured outcomes. Thus,
this study represents a new method that enables
comprehensive and accurate muscle stiffness and
slack length using an optimization algorithm.

Il. METHOD

In this study, we recruited an unimpaired participant.
The participant was sitting on the human
dynamometers and positioned full knee extensions
with three hip flexion angles (90°, 55°, and 15°).
Then, we let knee flexion with low angular velocity
(5°/sec) while participants were relaxing their
muscles. From this experiment, we measured knee
torques that were only induced by the stretched
muscles by compensating the gravity and the human
dynamometer’s jig mass.

We used a recently developed musculoskeletal
model [1] to use the Hill-type muscle model and joint
definitions. All the muscles (were deactivated as we
only validate muscle stiffness and slack length. The
experimentally collected knee torques were
implemented to the musculoskeletal model as a
control input. Then, a virtual control actuator was
generated on the musculoskeletal model that
replicates the human dynamometer function to make
isokinetic knee motion. We used an optimization
algorithm in OpenSim Moco to allocate muscle
passive parameters in the musculotendon model to
replicate the experimentally collected passive net
knee torque.

lll. RESULTS & DISCUSSION

The muscle stiffness and slack length are shown in
Table 1. The results are aligned with the previous
direct measured results suggesting our experiment
method and optimization algorithm provide reliable
results.

Previous research on evaluating the level of muscle
active estimation of muscle contracture that is
characterized by short and tight muscle uses a
generic musculotendon model. As a result, there are
significant discrepancies between experimentally
collected muscle activation from electromyography
sensors and simulated results. This study can be
used to people with movement disabilities with short
and tight muscles and improve muscle activation in

the future.
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Figure 1: Musculotendon slack length and stiffness of
biceps femoris long head (bflh), rectus femoris(rfem),
semimembranosus (semimem), semitendinosus
(semiten), vastus intermedius (vasint), vastus lateralis
(vaslat), vastus medialis (vmed), gastrocnemius lateralis
(gaslat), gastrocnemius medialis (gasmed) and soleus.

REFERENCES

1. De Groote F. et. al., “Evaluation of direct
collocation optimal control problem formulations
for solving the muscle redundancy problem,”
Annals of biomedical engineering, Vol. 44, pp.
2922-2936, 2016.

107 UKC 2023



Frequency Analysis on Tissue Perfusion
using a Laser Speckle Contrast Imaging in vivo
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SUMMARY

This paper presents a way to classify the ischemic
and normal tissue regions with laser speckle contrast
imaging. In addition, we provide a frequency
spectrum analysis to extract additional information
such as breathing and the heartbeat rate.

. INTRODUCTION

Objective tissue perfusion assessment is a
longstanding unmet clinical need in medicine [1].
There are several equipment available for pre-
operative diagnostic purposes but these devices are
still suboptimal to be directly interpreted in the
operating room. Laser speckle contrast imaging
(LSCI) is a commonly employed optical imaging
technique for non-invasively monitoring
microcirculations in superficial tissues, without the
need for contrast dye injections or near infrared
indocyanine green (ICG) fluorescence imaging.
Despite the noninvasiveness and its simplicity, an
objective assessment of ischemic tissue regions
solely through LSCI can be challenging, as the
technique provides only the relative blood flow not
the absolute and quantitative velocity. Consequently,
supplementary analytic tools may help assist
surgeons to make better decisions.

To address this challenge, we propose a
method that involves performing Fourier Transform-
based spectral analysis on LSCI dat. By applying this,
we were able to clearly differentiate between live and
ischemic tissue areas in the frequency domain.
Moreover, we successfully extracted vital
information such as heartbeat from breathing motion
artifacts, which serve as valuable indicators of tissue
viability. This new approach holds a potential for an
adjunctive tool to LSCI by providing additional
quantitative values and helping surgeons' decision-
making processes during the surgery.

Il. EXPERIMENT

To evaluate the performance of our analytic model,
animal data acquired from the previous studies on
swine (IACUC approved protocol #30591 at the
Children’s National Hospital) were used [1].

lll. ANALYSIS

In Figure 1, the left side displays an image, while the
right side shows a spectrum. The top portion
represents ischemic tissue, while the bottom portion
represents healthy tissue. By examining the
spectrum graph of the ischemic region, we observe
three peaks (30, 60, 90 beats/min) with decreasing
intensities as the frequency rises. The peak at 30
beats/min corresponds to the breathing rate during
the experiment, while the others are the second and
third harmonics of the breathing. As this region is
ischemic, we cannot detect high-frequency
components aside from the higher harmonics of the
breathing signal. However, in the spectrum graph of
the live tissue, a distinct disparity is visible. We were
able to observe a higher frequency peak, near the
heartbeat rate, apart from the higher harmonics of
the breathing. This discernible distinction in the
spectral pattern holds potential for real-time
classification of ischemic and live tissue regions.

e

@f

Figure 1: Image ahd spectrum of Ischemic area
(top) and healthy region (bottom),
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Fundamental Issues in Cognitive Workload Classification

Junho Park
Texas A&M University

I. INTRODUCTION
Severe functional disability in performing activities of
daily living (ADLs) can result from limb amputation,
and amputees often rely on prosthetic devices (PDs)
to carry out these tasks. However, PDs can require
a significant amount of cognitive resources, and
some users rejected devices due to poor usability [1].
Despite this, there have been few studies
investigating usability issues, and those that have
been conducted have primarily relied on subjective
methods such as questionnaires. Additionally, no
previous studies have classified the cognitive
workload (CWL) of PDs during the early stages of the
design process. To address the research gaps, the
objectives of this study were to develop a prediction
model for CWL and to explore fundamental issues.

Il. COGNITIVE WROKLOAD PREDICTION OF
UPPER-LIMB PROSTHESES

A. METHOD

A human subject experiment was conducted with 30
able-bodied participants (Age: M=22.9 yrs.; SD=2.8
yrs.) [2]. Three types of electromyography-based
(EMG) control schemes were used for clothespin
relocation task. Random forest (RF), support vector
classifier (SVC), and Naive Bayes (NB) model were
developed as they were heavily used to classify CWL
in other domains. Task performance (the number of
pins moved within 2 minutes), pupillometry data
(pupil diameter and blink rate), and cognitive
performance model (CPM) outcomes (e.g., motor
operators) were used as features for machine
learning models. NASA-TLX was collected to be
used as a ground truth for the CWL classification.
CWL was classified with two levels: “High” or “Low.”

B. RESULTS

It was found that SVC and NB models classified
CWL with reasonable accuracy (>70%) under near
real-time [2]. Experimental cost among several
subset of features was compared, and subset of NB
model seemed to be appropriate, considering
accuracy and computational cost.

lll. FUNDAMENTAL ISSUES

From practical point of view, several fundamental
issues were identified. The first issue was the nature
of interaction between physical workload (PWL) and
CWL. Although there is a recent systematic review
[3], it did not cover the domain for amputees, which
requires more CWL than the able-bodied. The
interaction between PWL and CWL should be

investigated and modeled. Second, current study is
the first study that used CPM outcomes as input for
ML. It was not possible to fully replace all other
features only with CPM outcomes (e.g., pupillometry
data was required). Next step should involve
establishing a theory or methodology to expand the
impact of CPM. Lastly, individual differences should
be reflected (e.g., age, gender, height, and weight).

Table 1: Summary of classification results ([2], © by
IEEE)
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Abstract

Recently, closed-loop electrical stimulation (E-Stim)
has been garnering a lot of attention to maximize
stimulation effects on regaining locomotor function
from various diseases such as spinal cord injury
(SCI), stroke, Parkinson’s disease, and multiple
sclerosis. However, each subject has a different
threshold to trigger an electrical stimulator, requiring
human intervention or sophisticated complex
algorithms generally operating in a certain condition.
To maximize E-Stim efficacy without complex
algorithms or human intervention, we developed
edge-Al model which can be deployed on a
commercial microprocessor on a closed-loop neural
interface system. The developed edge-Al model was
deployed on a customized single neural interface
board and evaluated with a spinal cord injured rat.

l. Introduction

Globally, there are more than 6.2 million people
suffering from spinal cord injury (SCI). A new SCI
occurs every 1 to 2 minutes. SCI is commonly
caused by car accidents, falls, violence, and sports
injuries, among many other reasons. Because spinal
cord plays a pivotal role in our body, connecting the
brain to the peripheral nervous system, spinal cord
injuries severely affect bodily functions. To regain the
weakened functions after SCI, various electrical
stimulations (E-Stim) have been used such as
epidural stimulation, functional electrical stimulation
(FES) with immediate effectiveness. However, there
are still limitations requiring manual setting of
threshold level because each individual has different
threshold to extract maximum E-Stim effects.
Therefore, there are increasing requirements for
setting optimal threshold level to trigger stimulation
pulses. For stable and effective E-Stim, in this study,
we suggest an automated threshold method using
edge-Al technology to maximize rehabilitation
effects on gait rehabilitation after SCI with E-Stim.
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Figure 1: Experimental setup. The experiment was
performed with an SCl rat holding a height-
adjustable grab bar on a rat treadmill during bipedal
locomotion [1].

Il. RESULTS AND CONCLUSION

The system was integrated into a single board with
three main components: real-time EMG recording for
stance phase identification, edge Al-processing to
automatically set threshold level, and stimulation
pulse generation. Additionally, we developed a multi-
site EMG recording electrode specifically designed
for freely moving small animals, enabling continuous
use for more than 28 days. The whole functionalities
including edge-Al model was successfully evaluated
through benchtop test and with a SCI rat.
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Summar Decellular

Plants are sustainable sources as they are abundant in nature and can be used as a tissue | | Decellularization of plant tissue ovAGunEsn  pronumteaton | | Plant fiber composition analysis
culture  scaffold after decellularization. Decellularized plants are comprised —of “ :

biocompatible materials such as cellulose, hemicellulose, and lignin. Tn addition, they have oo . Le e %
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decellularized plants, their material properties need to be understood more. When cells are Native Monocot Decellularized
cultured on the materials, their behaviors are influenced by the properties of the materials leaves Monacot leaves
Thus, it is essential to comprehend the physical and chemical properties of the materials
and the interactions between cells and materials. In this work. we studied decellularized
monocot plant materials’ physical and chemical properties to understand their
compatibility in tissue engineering. Surface chemistry and topography were analyzed since Surface chemistry - Fourier-transform infrared spectroscopy (FTIR) _
they provide cell surface interactions such as cellular attachment, g and ns6) ' Combined

differentiation [1]. Then, microporosity was measured since it allows for the movement of
nutrients and waste in and out of the scaffold. Lastly, plant fiber composition is measured ] :‘3
Plant fiber composition correlates with mechanical properties. one of the important ]
properties of scaffolds; mechanical properties such as plants' tensile strength and stiffness drying
depend on these compositions [4]
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. INTRODUCTION

Nanoparticle-based treatments have
emerged as a promising alternative to traditional
medical treatments such as surgery, radiation, and
chemotherapy, due to their potential to minimize
side effects. One of the most critical factors for the
success of these treatments is their targeting
accuracy, which ensures that they reach the
desired cells or tissues in the body. To address this
challenge, researchers have proposed a
nanoparticle-inducing device (NID) that utilizes a
magnetic targeting method, thus enhancing the
delivery  functionality of nanoparticles and
potentially improving the accuracy of treatment in
various medical applications (Lee, 2017). This
paper aims to further develop NID technology
through machine learning methods.

Il. PROPOSED NID PROTOTYPE
A. Hardware Design and Implementation

For the experiment, instead of using blood
and nanoparticles, water and Iron Oxide (Fe304)
were used for better-quality of data. The modified
prototype of NID consists of an injection device, a
moving bed, and C-arm. The injection device is
responsible for applying fluid pressure to the tubes
that are connected to the moving bed. A moving
bed allows the tube to be positioned at the rotating
center of the C-arm for nanoparticle induction
experiments. The C-arm with neodymium magnets
and the rotating motor generates various internal
magnetic field conditions in the targeting area,
depending on the speed and pattern of rotation.
The optical density sensor was placed right above
the moving bed to get the concentration of iron
oxide inside the tube.

B. Software and Machine Learning

To optimize the NID, a machine learning
approach utilizing data from an optical sensor was
employed. During the given time, the device was
programmed to find the optimal rotation pattern and
speed through reinforced learning. This was done

Injection Device
=y

Figure 1: NID

by rewarding the system when the change of
concentration of Iron Oxide (Fe304) was greater.

lll. EXPERIMENT AND DISCUSSION

Experiment was conducted using 2 Neodymium
Magnets (5000 Gauss) ~11cm apart rotated 90°
every 2 seconds. Throughout the process it was
found that generated magnetic flux induced the Iron
Oxide (Fe304) to a significant degree. However, it
was challenging to achieve accurate outcomes
through reinforcement learning. The continuous
increase in Iron Oxide (Fe304) concentration led to
unintended displacement of the device caused by
the magnetic force. This prevented the device from
obtaining consistent data from identical settings,
ultimately resulting in unsuccessful learning.

The experimental setup in the figure lacks
intermediary layers and does not consider crucial
factors like fluid density and blood vessel structure.
However, it demonstrated the potential of using
machine learning to optimize nanoparticle-based
treatments. Future research should create
sustainable and enhanced test configurations that
better emulate the complexities of the human body
for accurate evaluation.
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Modulating the corticospinal excitability using various non-invasive
brain stimulation techniques
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I. INTRODUCTION

The number of studies using non-invasive brain
stimulation (NIBS) techniques, such as transcranial
direct current stimulation, transcranial magnetic
stimulation (TMS), and transcranial-focused
ultrasound stimulation, continues to increase in
basic and clinical research. NIBS techniques have
been shown to modulate the excitability of the
corticospinal tract, which is the pathway connecting
the motor cortex to the spinal cord and controls
voluntary movements. In this paper, the effects of
various NIBS techniques on human corticospinal
excitability will be discussed.

Il. METHODS

A. Participants

In Experiment 1, single- and paired-pulse TMS
(ppTMS) data from 21 undergraduate students
were analyzed. In a second experiment, TMS theta
burst stimulation was also administered to five
undergraduate students. Before participating in
either study, all participants provided written
informed consent approved by the Texas A&M
University Institutional Review Board.

B. Transcranial Magnetic Stimulation (TMS)
Single-pulse TMS was administered at the left
primary motor cortex (M1) and induced motor-
evoked potentials (MEPs) to assess corticospinal
excitability. For ppTMS, stimulation at the
supplementary motor area (SMA) occurred 7 ms
prior to stimulation at M1. Single and ppTMS were
administered randomly in a single block of trials (15
ppTMS at SMA and M1; 15 single-pulse TMS at M1)
(Arai et al., 2012). For TBS in Experiment 2,
intermittent TBS (iTBS) or continuous TBS (cTBS)
was administered at SMA between baseline and
post-measures (Huang et al., 2005).

C. Electromyography (EMG)

TMS-induced MEPs were recorded from the right
first dorsal interosseous (FDI) muscle. EMG signals
were sampled at about 5 kHz, amplified, and filtered.

lll. RESULTS AND DISCUSSION

The conditioned stimulus (SMA prior to M1
stimulation) induced larger MEPs compared to the
unconditioned stimulus only (M1 only) (p = .0042)
(Fig. 1A). Application of iTBS at SMA facilitated
MEPs, whereas cTBS at SMA inhibited MEPs (Fig.
1B).

Congruent with the proposed role for SMA
during motor planning, these data demonstrate that
the ongoing activation status at SMA has an impact
on the excitability of the motor cortex.
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Figure 1: Effects of different TMS on MEPs. (A)
ppTMS at SMA and M1. (B) iTBS and cTBS at SMA.
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Organic Synthesis Reactions on Digital Microfluidic Device

Hyejin Moon', Junha Jeon?
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Il. ABSTRACT

This paper presents a microfluidic organic chemical
reaction using an electrowetting-on-dielectric
(EWOD) digital microfluidic (DMF) device. It
demonstrates the promising potential of EWOD
DMF as the high-data-throughput organic chemical
reaction platform toward drug discovery and
development.

Il. INTRODUCTION

Although microchannel reactors have advantages
such as fast reaction and automation capabilities [1-
3], they suffer from limitations such as material
incompatibilities, clogging of the channels by solid
products, and cross-contaminations. EWOD digital
microfluidic platforms can be an alternative and/or
complement to microchannel reactors because it
handles fluids in discrete droplet format which
eliminates the need of mechanical pumps, cross-
contamination, and clogging. EWOD devices are
chemically inert and compatible with organic
solvents. However, most organic solvents are non-
polar, thus they are not movable in EWOD device.
A simple solution without any modification of device
architecture is needed.

Il. METHODS

A. Engine-and-cargo system

An engine-and-cargo system is a compound droplet
of two immiscible fluids. An engine refers to the fluid
that has electrowetting properties. A cargo is the
one without electrowetting properties. As illustrated
in Figure 1(a), the motion of an engine droplet by
electrowetting operation leads motion of an entire
compound droplet, thus fluidic functionalities of
cargo droplet, too.

B. Experimental

The electrowetting motion of an engine droplet
generated a cargo droplet (A) and a polar reactants
droplet (B). Merging droplets A and B initiated the
esterification reaction. The reaction yield data were
obtained by GC-MS. Total 60 reactions in 21
different conditions of esterification were carried out
on-chip as shown in Figure 1(b).

lll. RESULTS

The on-chip esterification reaction conversion data
is shown in Figure 1(c). This result suggests that
esterification with non-polar solvent gives higher
yield than with polar counterpart. It suggests that
the higher concentration of DMAP resulted better
yield, but no higher than 1.0 mol%.
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Figure 1: (a) Engine-and-cargo system, (b)
conditions of all reactions tested in this study, and
(c) conversion of on-chip esterification reactions.
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Trans-Golgi protein TVP23B regulates host-microbe interactions via

Paneth cell homeostasis and Goblet cell glycosylation

Ran Song, Bruce Beutler, Emre E. Turer
Center for the Genetics of Host Defense, University of Texas Southwestern Medical Center,
Dallas, Texas, USA.

. SUMMARY

A key feature in intestinal immunity is the dynamic
intestinal barrier, which separates the host from
resident and pathogenic microbiota through a mucus
gel impregnated with antimicrobial peptides’. The
mechanisms underlying the maintenance and
function of this intestinal barrier are not completely
understood. Using a mouse forward genetic screen
for defects of intestinal homeostasis, we have found
a mutation in Tvp23b, which conferred susceptibility
to chemically induced and infectious colitis. Golgi
apparatus membrane protein TVP23 homolog B
(TVP23B) is a transmembrane protein conserved
from yeast to humans. We found that TVP23B
controls the homeostasis of Paneth cells and
function of goblet cells in vivo. As a result, Tvp23b”
mice displayed decreased barrier function and a loss
of host-microbe separation. TVP23B-deficient
colonocytes have a loss of core-3 O-glycosylation of
colonic proteins, which is the major O-glycosylation
present on gel forming mucins. TVP23B binds with
another Golgi protein, YIPF6, which is similarly
critical for intestinal homeostasis. The Golgi
protcomes of YIPF6 and TVP23B-deficient
colonocytes have a common deficiency of several
critical glycosylation enzymes, including those
necessary for core-3 glycosylation of mucins. Overall,
TVP23B is necessary for the formation of the sterile
mucin layer of the intestine and its absence disturbs
the balance of host and microbe in vivo.

Il. Results

A. TVP23B deficiency leads to colitis susceptibility
Tvp23b” were susceptible to DSS challenge,
exhibiting greater than 20% weight loss by day 8 of
treatment.

B. TVP23B required for Paneth cell and goblet cell
form and function

C. TVP23B is essential for host-microbial
segregation and intestinal glycosylation

Tvp23b”- colons have a thinner, more penetrable
mucus layer, which impacts host-microbe
interactions. This appears to result from a primary
defect in glycosylation.

D. TVP23B forms a complex with the Golgi protein
YIPF6 and TVP23B and YIPF6 regulate the Golgi
Proteome including B3GNT6

lll. Figures
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TVP23B is essential for host-microbe segregation
and intestinal homeostasis maintenance by
controlling intestinal glycosylation. (A) Weight loss
analysis of mice of Tvp23b**, Tvp23b*-, and
Tvp23b”- after DSS treatment. (B) Representative
confocal z-stacks showing x/z-axis cross sections of
tissue obtained from Tvp23b* and Tvp23b”
littermates; tissue (blue), 1-um beads (red). (C)
Composite proteome of Golgi enriched fractions from
Tvp23b7 and Yipf6X'ZY colonocytes compared to
littermate control. (D) Immunoblot analysis of
B3GNT6 in Golgi enriched fractions from Tvp23b”
samples.
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Effects of collagen fiber alignments in regulating osteoblasts and
mineralization

Hyejin Yoon', Jungwoo Lee'
"Molecular and Cellular Biology Graduate Program, University of Massachusetts, Amherst

I. ABSTRACT

The structure and composition of the extracellular
matrix are known to regulate tissue-specific cellular
processes. Osteoblasts on the bone surface deposit
collagen fibers and minerals in a sequential manner
to form mature lamellar bone layer-by-layer. While
the pre-established native collagen osteoid on the
bone surface plays a critical role in regulating
osteoblast to deposit new bone tissue, detailed
investigation has been limited due to the lack of
relevant biomaterial platforms. Recently, we have
developed an osteoid-inspired demineralized bone
paper (DBP) which retains the intrinsic complexity of
lamellar collagen and is optically transparent
facilitating microscopic imaging. DBP preserves the
collagen alignment found in native bone which can
be controlled depending on sectioning direction.
Here, we report the effects of lamellar collagen fiber
orientation on regulating osteoblast adhesion,
growth, and mineralization using DBP.

Il. Materials and Methods

frozen bovine femur blocks were subjected to
demineralization using cyclic pressure in 1.2 N
hydrochloric acid, which facilitated the penetration of
the acidic solution. Subsequently, the demineralized
bone was cryosectioned into two directions: a
vertical section characterized by parallel lamellae
structure, and a transverse section exhibiting
concentric lamellae structure. To investigate the
essential role of collagen as a template for mineral
deposition, DsRed osteoblasts were cultured on TCP,
vDBP, and tDBP in osteogenic differentiation
medium. Fluorescent calcein staining revealed
parallel mineral deposition on vDBP and concentric
deposition on tDBP. Further characterization was
conducted through thermal decomposition and SEM,
confirming the alignment-dependent  mineral
structure.

lll. Results and Discussion

Vertical and transverse sections of demineralized
bovine compact bone generate concentric uniaxially
aligned collagen structures on DBP that have
significantly different optical and mechanical
properties (Fig. 1A). Osteoblasts derived from

DsRed reporter mice showed different growth
kinetics, adhesion, and mineralization between
vertical and transverse DBPs. Mineral deposition on
DBP was quantitatively measured by fluorescent
calcein (Fig. 1B), colorimetric alizarin red staining
and scanning electron microscopy. These results
reveal that the underlying collagen structure directs
the amount of osteoblast mineral deposition and
mineral growth pattern (Fig. 1C). Taken together,
these observations suggest that the alignment of
pre-existing lamellar collagen plays an important role
in regulating osteoblasts and their subsequent
formation of structural bone tissue. We anticipate
that DBP will allow investigation of many aspects of
bone extracellular matrix-related skeletal
development and diseases.

A vDBP
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Demineralized
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Figure 1: Morphological characterization of mineral
deposition between tDBP and vDBP.

(A) Demineralized bone paper sectioned into 20 ym
sheets in vertical and transverse directions. (B)
Fluorescent calcein staining images of osteoblastic
deposited minerals on tDBP and vDBP after 3 weeks
of culture in osteogenic differentiation medium. (C)
Scanning electron microscopy images of osteoblast
deposited minerals on vDBP and tDBP with
characterized mineral granule sizes (n=50).
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Blood compatibility assessment of biomaterial surface chemistries
to mitigate intrinsic coagulation pathway activation

Kyung-Hoon Kim', and Buddy D. Ratner??
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SUMMARY

We assessed the blood compatibility of biomaterials
for the intrinsic coagulation pathway to improve the
understanding of how the protein-surface
interactions vary across different surface chemistries.
Intrinsic pathway is a dominant thrombus formation
mechanism at the venous shear flow, relatively lower
shear rate compared to the arterial flow. The trigger
of intrinsic pathway is Factor XIl (FXIl) adsorption,
leading to thrombin generation and crosslinked fibrin
clot formation. Two different characteristic
biomaterials outperformed other commercial
polymers; zwitterionic poly(carboxybetaine) surface;
and radio frequency glow discharge (RFGD) plasma-
polymerized fluoropolymeric surface.

Keywords: blood compatibility, intrinsic pathway,
zwitterionic polymers, plasma-polymerized
fluoropolymers

INTRODUCTION

Blood compatibility has been remaining as a major
challenge in the field of biomedical engineering and
clinical applications for several decades. Surface
thrombus formation is critical for blood-contacting
medical devices since it can cause many lethal side
effects. Because thrombogenesis is a significant
complication, we still do not have a perfect blood
compatible surface, as well as not been reached to
the consensus on blood compatibility. One strategy
to address this complication necessarily brings up
the consideration of different hemodynamic shear
rates with tailored approaches for venous and
arterial shear flow, as the dominant thrombus
formation mechanism is different between high and
low shear hemodynamic flow. Intrinsic coagulation
system is predominantly governing the low shear
condition, triggered by FXII adsorption and activation,
leading to the thrombin generation and crosslinked
fibrin clot formation (Figure 1). In contrast, high
shear flow is primarily associated with extrinsic
system, initiated by platelet aggregation with
adsorbed fibrinogen.

Two promising groups of polymers have been
demonstrating improved blood compatibility;
zwitterionic polymers and fluoropolymers. Notably,
they have very distinct wettability even though their
improved blood compatibility. Zwitterionic polymers
are  hydrophilic, while fluoropolymers are
hydrophobic because of low surface energy
attributed to the strong carbon-fluorine bonds.

We have investigated blood compatibility,
specifically in relation to the intrinsic pathway. We
have scrutinized a range of biomaterial groups with
the aim of enhancing our comprehension of the
variance in molecular events during clotting across
diverse surface chemistries. This study has
highlighted two biomaterial groups that show
promising results, each based on unique hypotheses.
Firstly, zwitterionic surfaces are perceived as blood-
compatible owing to their ultralow protein fouling
characteristics. Fluoropolymers represent another
group studied in this research. We focused on RFGD
plasma-polymerized hexafluoropropylene (ppC3F6)
surfaces, which exhibit distinctive properties against
proteins that may have a selective ‘tight binding’
affinity to the albumin, which may reduce the chance
of FXII adsorption and activation. As we continue to
examine these promising biomaterials, the
knowledge gained will be instrumental in the
development of better blood compatible surfaces.
Such advances could potentially revolutionize the
design of blood-contacting medical devices.
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Figure 1. Schematic lllustration of Blood-Surface
Interaction Intrinsic Pathway Activation
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[SEED2023] Ectopic high endothelial venule-targeted
nanodelivery for type 1 diabetes
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Ousama Rachid, Yousef Haik, Clive Wasserfall, Mark A. Atkinson, Jonathan S. Bromberg,
Wei Tao, Paolo Fiorina, and Reza Abdi*

Transplantation Research Center and Renal Division, Brigham and Women'’s Hospital, Harvard Medical
School, Boston, MA 02115, USA

Abstract

Targeted drug delivery systems hold the remarkable
potential to improve the therapeutic index of diabetes
medications. Herein, we developed a targeted
delivery platform for type 1 diabetes (T1D) treatment
using high endothelial venule (HEV)-targeted
nanoparticles. We encapsulated anti-CD3 in PLGA
nanoparticles (NPs) and conjugated mAb on the
surface of NPs. Our mAb-NP localized to pancreatic
lymph nodes (PLNs) and pancreata in NOD mice
and encapsulation of anti-CD3 in MECA79-NP
enhanced its delivery to these organs. Treatment of
hyperglycermic NOD mouse model with mAb-anti-
CD3-NP resulted in significant reversal of T1D, as
compared to non-treatment, empty NP, and free anti-
CD3. mAb-anti-CD3-NP treatment caused a marked
increase of regulatory T (Treg) cells in pancreata.
Our data suggested that ectopic HEV expressed in
pancreata of T1D patients. Our study demonstrates
that HEV-targeting nanovehicles constitute a novel
drug delivery platform that can augment the effects
of immunosuprression as well as reduce the
inflammatory risk in treating T1D. Moreover, HEV-
targeting therapeutics may be used as means by
which drugs are delivered specifically to PLNs and
pancreata, thereby prolonging the reversal of T1D
patients.
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Figure 1: A scheme for the synthesis of MECA79-
conjugated NP encapsulating anti-CD3 and the
working mechanism of MECA79-anti-CD3-NP for
T1D treatment.
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[SEED2023] A Microengineered Organoid-on-a-Chip Model of Alveolar
Development in the Human Lung

Sunghee Estelle Park', Dan D. Huh'
'Department of Bioengineering, University of Pennsylvania, Philadelphia, PA 19104

. SUMMARY

Lung development is a complex process that
involves highly coordinated, dynamic changes in the
structural organization and mechanical environment
of developing tissues. As a unique signature of this
dynamic biomechanical process, the fetal breathing
movements (FBMs) occur when contractions of the
respiratory muscles cause the fetus to inhale and
exhale amniotic fluid. However, current research on
FBMs has focused primarily on early stages of lung
development. To address this gap, we developed an
approach by synergistically combining organoids
with organ-on-a-chip technology. Our device
enables integration of mechanical forces into human
alveolar organoid culture to recapitulate FBMs and
key aspects of the developing fetal lung at higher
levels of tissue complexity.

Il. MATERIALS AND METHODS

We developed a platform called the "alveologenesis-
on-a-chip," which can mechanically actuate the
extracellular matrix hydrogel scaffold during
organoid culture (Fig. 1a). To establish alveolar
organoid culture in this device, we inject a mixture of
human pluripotent stem cell-derived alveolar type 2
(AT2) cells and a hydrogel precursor solution into the
organoid culture chamber (Fig. 1b). Our platform
allows for precise control of mechanical properties
that accurately mimic FBMs through the vacuum

chamber located at the bottom of the device (Fig. 1c).

lll. RESULTS AND DISCUSSION

We first examined whether the alveologenesis chip
supports extended development of alveolar
organoids by culturing hPSC-derived AT2 cells in our
device. hAT2s proliferated and self-assembled to
form alveolar organoids within the first 10 days of
culture. Interestingly, organoids stimulated with
FBM-like mechanical forces from culture day 10
exhibited significantly increased size and number of
buds, whereas organoids in the static chip showed
arrested growth after 28 days (Fig. 2a). We analyzed
the activation of mechanotransduction signaling
pathways through immunocytochemical analysis
and found that the continuous stretching motion

allowed organoids to express significantly higher
levels of MAPK and YAP/TAZ expression compared
to organoids in static culture (Fig. 2b). Furthermore,
we found that FBM-like mechanical forces result in
extensive epithelial growth and branching
morphology (Fig. 2c). By continuously culturing
alveolar organoids on the alveologenesis chip for
over a month, we observed significant formation of
aerated space (Fig. 2d). In addition, the dynamic
culture led to enhanced alveolar epithelial
differentiation and maturation (Figs. 2f, 2g). Overall,
these data suggest our advanced capabilities of i)
engineering mechanical properties of the developing
fetal lung and ii) using this model to study how
mechanical forces regulate complex developmental
program of epithelial differentiation and maturation

for normal alveolar development and function.
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Figure 2: Effects of FBM-like mechanical
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Injectable Lighin Composites to Improve Neovascularization and Heal-
ing of Diabetic Wounds

Jangwook P. Jung', Swathi Balaji?
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SUMMARY

Engineered biomaterials with multiple wound heal-
ing-promotive functions, including pro-angiogenesis,
sustained oxygenation and ROS (reactive oxygen
species)—scavenging can promote wound healing.
We engineered novel lignin (a natural antioxidant
from lignocellulose)-based composites with ROS-
scavenging and oxygen-releasing properties and
hypothesized that they enhance neovascularization
and attenuate fibrosis to promote diabetic wound
healing.

A. Results and Discussion

Functional enrichment analysis revealed thyroid
stimulating hormone as a key hub gene. The bind-
ing of thyroid hormone triiodothyronine (T3) through
its nuclear receptors regulates the TGF-B/SMAD
pathway. Our findings indicate a role for lignin com-
posites in governing TGF-B signaling to attenuate
fibrotic responses of fibroblasts'2. The engineered
lignin composites promoted granulation tissue dep-
osition and CD31* capillary lumen density at d7 in
full thickness db/db skin wounds. Quantification of
VEGF expression in the homogenized wound tissue
showed an increase in the VEGF expression at d7,
suggesting dermal angiogenesis is promoted by the
engineered lignin composites in diabetic wounds.
Interestingly, decreased HIF-1o expression was
noted in the leading wound epithelium, with reduced
expression of wound homogenates in the wounds
treated with the engineered lignin composites. To
determine the effect of the lignin composite treat-
ment in db/db wounds, we assessed the remodeling
at d14 post wounding. We noted visibly improved
healing in the wounds treated with the engineered
lignin composites from gross images, which was
supported by the presence of a robust granulating
wound bed in representative hematoxylin and eosin
stained wounds sections, along with an increase in
the CD31" lumens.

B. Conclusions

Our data showed that the dual function of antioxida-
tion and oxygen production capacity of the lignin
composites improved wound healing associated
with enhanced neovascularization, representing
new frontiers in improving diabetic wound healing

ClueGO

A Hub genes B

C

Epithelial Gap (mm)

Granulation Tissue
Area (mm?)

UNTX TLS CPOc CPO

Figure 1. (A) A total of 88 genes' were used as input for WGC-
NA where three modules were identified. (B) Enrichment analy-
sis of the entire gene list using ClueGO enrichment analysis
showed overrepresentation of genes in cellular response to
thyroid stimulating hormone: Bar chart represents the percent-
age of enriched genes in a term. (C) Wound healing in db/db
mice. 6mm wounds in 8 wk old mice with blood glu-
cose>350mg/dl were treated with lignin composites immediately
after wounding. H&E staining of wound sections at day 7 show
that compared to untreated (UNTX) wounds, wounds treated
with engineered lignin composite had more granulation tissue.
Quantification of epithelial gap (D) and granulation tissue area
(E). Mean+SD, n=3 wounds per treatment group, *p<0.05 by
one way ANOVA and Tukey’s post hoc tests.

by engineered biomaterials.
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Sex difference in the profile of extracellular bioactive lipids of

conjunctival epithelial cells during allergic inflammation

Changrim Lee'?, Darlene A. Dartt'-?
'Department of Ophthalmology, Harvard Medical School, 2Massachusetts Eye and Ear Infirmary

SUMMARY

Ocular allergy affects about 40% of the North
American population, of which comorbidities include
allergic rhinitis, asthma, eczema, food allergy, and
eosinophilic esophagitis, making daily life even
more debilitating’. In Korea, about 0.23 million
people per month are treated for allergic
conjunctivitis, which is one of the most common
ocular allergies®. Allergen sensitization activates
mast cells to release histamine to initiate an ocular
allergic response. One of the ocular surface tissues
affected is the conjunctival epithelium that lines the
inside of the eyelids and covers the sclera, thus
providing stability to the transparent cornea and
anterior segment of the eye®. The conjunctival
goblet cells (CGCs) that secrete mucins to wet and
protect the ocular surface over-secrete mucins in
response to histamine stimulation, which causes
ocular surface instability and visual disturbance. To
better understand the molecular basis of allergic
response in CGCs, our research team has been
investigating the role of bioactive lipid mediators,
especially specialized pro-resolving mediators
(SPMs) and proinflammatory mediators (PIMs), in
the cellular response of CGCs during histamine-
mediated allergic inflammation*S.
Our exciting preliminary data show, for the first time,
that human primary CGCs biosynthesize SPMs and
PIMs, load them into extracellular vesicles (EVs),
and secrete them into the extracellular space during
health and disease. Interestingly, the amount of
SPMs dramatically increases in EVs secreted by
female CGCs, but decreases in males during a
histamine-mediated allergic response, suggesting
that the sex of the CGCs results in the differences
in CGC response. This is in line with our recent
publication showing that human female CGCs
increase intracellular Ca?* concentration ([Ca?*])
more sensitively (at lower histamine concentrations)
than males®. To further investigate this observation,
we hypothesize that in human CGCs there are sex
differences in the cellular response to histamine-
mediated allergic inflammation, which results in the
differential secretion of SPMs and PIMs. We will
test this hypothesis by quantifying and comparing

the type and amount of SPMs and PIMs in EVs,
and their time course of secretion in histamine-
stimulated CGCs from both sexes (Fig. 1).

The success of this study will provide new insights
into the bioactive lipid-mediated ocular surface
protective mechanism generated by the conjunctiva
and the basis for a tailored sex-dependent, lipid-
based therapeutic approach in the management of
vision-debilitating ocular surface diseases.
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Fig 1. Schematic illustration of the proposed
research. Sex differences in EV-loaded
specialized pro-resolving mediators (SPMs) and
proinflammatory mediators (PIMs) in terms of the
(1) time course of secretion and (2) type and
amount will be investigated in histamine stimulated
human conjunctival goblet cells (CGCs).
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Creating a Therapeutic Application Plan through Research on Rare
Genetic Disorders
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. SUMMARY

Rare genetic diseases are a group of disorders
that affect a small percentage of the population and
are caused by variations in genes. The research on
rare genetic diseases is crucial as it can provide
insights into the mechanisms of the disease, improve
diagnostic methods, and lead to the development of
targeted therapies. Moreover, studying rare genetic
diseases can also provide opportunity to develop
novel therapeutic strategy for common diseases as
many of the causative genetic variants lead to
neomorph phenotypes. Recently, we have identified
causative genetic variants leading to rare genetic
skeletal dysplasia including a weak bone disorder
and a heterotopic ossification. Firstly, the weak bone
disorder is a rare, recessive skeletal dysplasia
characterized by short stature, facial dysmorphism,
and aberrant radiographic findings of the spine and
long bone metaphysis. Using  whole-exome
sequencing (WES), we identified bi-allelic MBP1
mutations in 10 individuals with the genetic disorder.
Secondly, the heterotopic ossification, a pathological
condition whereby soft tissues transform into skeletal
bones, is rare but debilitating disease without any
effective treatment. Here we report that AVBP is a
previously unidentified genetic contributor of the
congenital heterotopic ossification. We show that a
rare gain of function mutation in AVBP leads to
congenital heterotopic ossification. By elucidating
molecular mechanism of pathophysiology, we would
like to translate the findings to cure common
diseases, which we will share the recent progress in
the UKC meeting.

Il. Results

A. Depletion of MBP1 leads to drug resistant cancer
cells

MBP1 plays a diverse role in genome maintenance
and replication. In the preliminary studies, we
identified that biallelic mutations of MBP1 cause rare
skeletal disorders presented with weak bone
phenotypes. However, unexpectedly, we found that
the MBP1 expression level is relatively high in

various cancers, which implies that the MBP1 can be
a therapeutic target for cancer therapy. In order to
test the possibility, we established drug resistant
HelLa cells of which the survival rate of the cells are
severely decreased in the absence of MBP1
expressioin (Figure 1).
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Figure1: Depletion of MBP1 leads to drug resistant
cancer cells

B. Expression of mutant AVBP can be used to cure
common diseases

Expression of the mutant form of AVMP in stem cells
enhances multiple cellular differentiation, which can
be used to cure various common diseases.
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I. SUMMARY

Despite the focus of the treatment method
development of Alzheimer's Disease has been on
finding ways to remove the plaques and prevent
plague formation, more evidence indicates
maintaining a normal Beta Amyloid (BA)
metabolism' could be more relevant as a preventive
measure or a treatment option. In our study, the
hydrogen peroxide (H202) level was controlled by
carbon nanodots (CNDs) in the presence of IMR-32
cells and Copper Nanoparticles(CuNPs), and the
levels of aggregation of radicalized BA proteins were
compared. Through this experiment, the roles of
Reactive Oxygen Species and CNDs on BA
aggregation were evaluated.

Il. STUDY DESIGN, RESULTS, & CONCLUSIONS

A. Materials and Methods

Anti-DMPO Antibody assay was used for quantifying
aggregated BA proteins in the presence of CuNPs
and IMR-32 cells as a source of BA proteins. ELISA
with primary and secondary antibodies was
performed with Confocal imaging for confirmation of
BA protein aggregation.

B. Results

The level of BA aggregation after protein
radicalization was proportional to the level of CuNPs
used, the main source of H202. The CNDs with
different functional groups reduced the level of BA
aggregation in a concentration-dependent manner.
Aggregated BA proteins were observed in the
presence of CuNPs and the level of aggregated
proteins was reduced in the presence of CNDs.
Different sizes of CuNPs smaller than 100nm didn’t
seem to make much difference in terms of the protein
aggregation effects. Copper ions, compared to
CuNPs, demonstrated comparable effects on BA
aggregation.

C. Conclusions and Discussion

Quantification of aggregated BA proteins after
radicalization is achievable by anti-DMPO antibody
assay in a concentration-dependent mode. CuNPs
used as a main source of ROS can induce
aggregation of BA proteins from IMR-32 cells In Vitro
conditions and lyophilized BA proteins. CNDs both in
pristine form and with various types of functional
groups carry a potential for their use in the treatment
of AD as a ROS scavenger. Further investigation on
the tuning method of CND’s ROS controlling
mechanisms will be able to provide potentially
practical ways for CND application in the treatment
of AD.
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Figure 1: Intracellular BA protein aggregation and
CND effects. Localization of DMPO Nitron adduct(D-
i), Aggregated BA proteins (D-ii), and Hoechst test.
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Particulate Matter (PM) induced Beta Amyloid (BA) Protein Aggregation

Kevin Omar', Rodney Hawkins', Macie Bethea?, Jeffery Shipman?, Vijay Sivaraman?,
Mikyoung Ji', John Bang',
'Department of Environmental, Earth & Geospatial Sciences, North Carolina Central University, Durham N.C.
2Department of Biological and Biomedical Sciences, North Carolina Central University, Durham, N.C.

I. SUMMARY

Alzheimer’s Disease (AD) is one of the most
debilitating illnesses that affect millions of people
around the world'. The cause of AD is multifactorial
including environmental effects that can build
oxidative stress. One common causal mechanism is
abnormal BA metabolism that induces the formation
of increased levels of plaques?, In this study, PMs
from indoors and outdoors were tested by using BV2
microglial cells if they can induce oxidative stress
leading to BA protein aggregation as well
inflammatory responses (IL-6, TNF-a).
Concentration-dependent inflammatory responses
were observed for both indoor and outdoor PM
extract. Nitrite-induced BA aggregation was PM
concentration-dependent manner. Carbon nanodots
were also used to see their efficacy in nitrite removal.
The results indicate that PMs from both indoor and
outdoor environments can induce BA protein
aggregation and generate plaques. It is also noted
that the BA aggregation process can be also
influenced by the ROS scavenger like CNDs.

Il. STUDY DESIGN, RESULTS, & CONCLUSIONS

A. Materials and Methods

PMs were collected from both indoor and outdoor.
Stock solution for PM samples collected from both
indoor and outdoor settings was prepared. Different
concentrations of the diluted stock solution were
used to BV2 cells for their inflammatory responses
and Nitrie-induced Anti-DMPO Antibody assay which
is an indicative value for the level of aggregated BA
proteins. ELISA for quantifying aggregated BA
proteins and Confocal for confirming the formation of
aggregated BA proteins were conducted to obtain
their responses.

B. Results

PMs from both indoors and outdoors caused
inflammatory responses (IL-6, TNS-a). PMs also
induced increased levels of Nitrite, LDH, and H202 in
a concentration-dependent manner. CND’s ROS

scavenging effect was less prominent for Nitrite.
Anti-DMPO assay, Confocal imaging with Hoechst
indicated that PMs induce the aggregation of BA
proteins in a concentration-dependent manner.

C. Conclusions and Discussion

PMs from both indoor and outdoor environment
increases the oxidative stress levels in BV2
microglial cells in the form of nitrite formation. In both
LPS-challenged and non-challenged conditions,
BV2 cells showed increased inflammatory
responses (IL-6 and TNF-a) after exposure to the
PMs. Increased Oxidative Stress levels by the PMs
influenced the aggregation level of BA proteins.
CND’s ROS scavenging role was less influential on
nitrite compared to H202. Further analysis of the
potential impacts of the PMs on AD is warranted.
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Figure 1: Confocal: BV2 microglial cells treated with
PM for 24 hr. Cells were immuno-stained using an
anti-DMPO antibody (red), and Hoechst (blue).
Nitrite levels were measured by ELISA.
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. SUMMARY

The use of plastic materials has received increased
attention mainly due to their exposure-related
potential to human health as well as ecological
disruption issues. A recent study indicated that
human plasma contains high levels of microplastic
materials that can induce various types of
pathological conditions1. However, it is not clear how
microplastics (size smaller than 5mm), through
various exposure mechanisms, end up showing up
in the plasma. Our group began to investigate the
relationship between transmembrane passing
capacities and physical properties such as size,
morphology, surface charges, and types of plastic
polymers. The morphological effect of PS on the
embryos was also sought. As a first step,
Fluorescent-dyed polystyrene (PS), among five
other subgroups of plastic polymers, of two different
sizes and functional groups on the surface were
tested on Zebrafish embryos of 3 — 7 days of. Visual
localization of the fluorescent PS particles in
Zebrafish embryos’ Gl tracks and other organs was
taken for initial analysis.

Il. Materials, Methods, Results, and Conclusions

A. Materials and Methods

Polystyrene (PS) FluoSpheres 1.0 ym size or
FluoSpheres carboxylate-modified microspheres
(PS-COOH) 1.0um and 100nm sizes, with orange
fluorescent (Ex/Em 540/560) were resuspended in
zebrafish medium (0.3X Danieau's buffer). Zebrafish
embryos (15 embryos/group) were exposed to PS
nano- or micro-plastics from 3 days post-fertilization
(dpf) to 7 dpf. Following exposure, embryos were
washed and anesthetized with tricaine before
imaging analysis.

B. Results
Microscopic imaging indicated that PS at the size of
100 ym stays inside the Gl luminal space without

crossing the membranes. The embryos with 3-7 dpf
did not demonstrate any abnormal morphological
development.

C. Conclusions and Discussion

We observed the fluorescent nano- and micro-
plastics accumulated along the GI tract and were
present in all 3 regions, the intestine bulb, the mid-
intestine, and the posterior intestine regions.
However, we did not observe fluorescent nano- or
microplastics in another region of the zebrafish
embryos. A possible reason is that the 1.0 ym size
PS or PS-COOH and 100nm size PS plastics were
not taken up from the Gl tract to other tissues. Future
studies are warranted with a focus on the effect of
the smaller sizes of nano plastics with various
surface conditions on transmembrane crossing
potential. Further investigation into the behavioral
characteristics of nano-range plastics is warranted.
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Enteroids
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|. Abstract

Since life has emerged on Earth, it has not
been able to escape the environmental influence of
the Sun, which creates diurnal cycles of
approximately 24 hours. Hence, the behaviors of
most living organisms are under the influence of 24-
hour cycles, which are referred to as circadian
rhythms. Previous studies established that most
organisms possess molecular mechanisms that
maintain endogenous circadian rhythms that entrain
and adapt to their local environment regulating
temporal organization of cellular and physiological
functions from metabolism to sleep/wake cycles. In
mammals, the circadian rhythm consists of master
(suprachiasmatic nucleus in the hypothalamus) and
peripheral (organs and tissues) clocks. However,
recent findings indicate that peripheral clocks
maintain circadian rhythms even in the absence of
the master clock. Previously, we demonstrated that
3-dimensional mouse intestinal organoids or
enteroids (in vitro mini gut) possess robust circadian
rhythms [1, 2, 3]. In this report, we utilized biopsy-
derived human intestinal enteroids (bHIE) to
characterize clock-controlled genes (CCGs) and
signaling pathways.

Our 48-hour time course RNA-Seq data
were analyzed with RAIN algorithm to identify CCGs
and phase set enrichment analysis (PSEA) to
examine the circadian clock-dependent signaling
pathways. Our analysis revealed the rhythmic
patterns of more than 1700 CCGs and 146 rhythmic
pathways, including metabolism, mRNA processing,
cell cycle, cancer, and circadian clock. Thus, our
findings suggest that the human patient-derived
organoid model could be utilized to understand
circadian rhythm in peripheral tissues, investigate
the mechanisms of circadian-associated diseases,
and explore potential therapeutic strategies using
circadian medicine.
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Figure 1. Schematic diagram of the study. The in
vitro mini gut bHIEs were cultured and prepared for
RNA-seq at every 2 hours over 48 hours. The image
is cited from the previous article [2] and modified.
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Toward Hyperplexed Immunohistochemistry using Hydrogel Staining,
Chiral Nanoparticles, and Nanobodies
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I. INTRODUCTION

We present an on—going research project aiming to
develop cancer profiling technology by employing
hydrogel stamping staining, chiral gold
nanoparticles and nanobodies. The technology is
expected to provide highly multiplexed spatial
information of cancer cells or tissues. To realize the
technology, three breakthroughs should be made.

Il. BREAKTHROUGHS-TO-BE-MADE

A. Chiral gold nanopatrticles as signal reporters
According to particle size and shape, the chiral gold
nanoparticles show distinct colors under the dark-
field microscopy. Polarizing characteristics of chiral
nanoparticles make the number of colors multiple,
so that hyperplexed imaging can be implemented
for immunohistochemistry.

B. Highly Specific Nanobodies with Strong Affinity
The affinity to specific protein biomarkers can be
significantly enhanced by controlling the stability
and orientation of nanobodies attached to the
surface of nanoparticles.

C. Hydrogel Stamping for Immunostaining
Solution-free  stain  utilizing  hydrogel-based
stamping technology is being developed. The
hydrogel contains nanobody-nanoparticle
conjugates that can be released and absorbed by
slightly squeezing it. This can lead faster staining
and smaller amount of immunostaining reagents.

lll. DISCUSSIONS

Nanoparticles can be easily aggregated each other.
By applying surface treatment or controlling the size
of the nanoparticles, it can reduce aggregations.
Nanobodies are protein-based materials which can
be degraded in the air at room temperature. For the
prevention of the degradation, lyophilizing method
for nanobody-nanoparticle conjugates should be
developed.

ST
i

Figure 1: Nanobody-Nanoparticle Conjugates
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Figure 2: Hydrogel Immunostaining
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An Al-embedded and Fully Automated Device for Malaria Detection
at Remote Setting
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I. INTRODUCTION

Malaria continues to be a severe and widespread
disease with significant implications for global public
health. Many malaria cases and fatalities,
accounting for over 99%, transpire in low- and
middle-income countries.

Microscopy, despite being the gold standard for
malaria diagnosis, presents challenges in resource-
limited and remote areas due to the lack of experts
and insufficient laboratory infrastructure. To solve
this problem, we introduce a deep learning
embedded and fully automated diagnostic device
for malaria detection that can be used in resource-
limited remote settings.

Il. DEVELOPMENT

A. Hydrogel Stamping Staining

Dye-containing hydrogel was developed. The dye
can be released and absorbed by simply contacting
hydrogel onto blood smears. A single-use cartridge
facilitates three hydrogel patches containing eosin,
methylene blue, and a buffer, respectively, all
applied sequentially to the same location.

B. Digital Imaging System

For imaging malaria parasites within red blood cells,
the optical system is equipped in the device with a
50x objective lens, providing a depth of field of less
than 1um and 10 different focal planes.

C. Embedded Convolutional Neural Network

Due to the limited resource of embedded hardware,
we designed all neural network architectures with
minimal computational complexity. For this, we
opted for a semantic segmentation algorithm
instead of a general object detection algorithm.

lll. CLINICAL EVALUATION

The clinical evaluation of the device was assessed
using 368 peripheral blood samples from patients
with fever in Mzuzu, Malawi. The results were an
overall percent agreement of 94.20%, positive

percent agreement of 88.39%, and negative
percent agreement of 98.95%.
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Structural and biochemical characterization of the thiol-
methyltransferase 1A and 1B

Taeyoon Jung', Drake Russell', Rheem Totah'
"University of Washington

Methyltransferase-like protein-7A and -7B (METTL7A and METTL7B) have been recently been identified as
microsomal associated phase Il methyl transferases that transfer a methyl group from S-adenosyl
methionine to exogenous alkyl and phenyl thiols (Maldonato, Russell, & Totah, 2021). Both enzymes consist
of 244 residues and share 60% sequence identity and 75% sequence homology. METTL7A (TMT1A) is
potently inhibited by the historical microsomal thiol methyltransferase (TMT) inhibitor 2,3-dichloro-alpha-
methylbenzylamine (DCMB), while the methylation activity of METTL7B (TMT1B) is not affected despite the
high sequence homology and similar substrate specificity (Russell et al.,, 2023). In this work, we utilize
AlphaFold generated models, binding site analysis software, and in silico small molecule binding prediction
approaches to identify several unique residues in the active site that can explain the difference of DCMB
inhibition in METTL7A and METTL7B.
Further more, two individual programs, DoGSiteScorer and AutoDock were used to identify active site in
TMT1A and TMT1B and generated protein-ligand complex (Morris et al., 2009). Molecular dynamic (MD)
simulation was performed for 50ns with the best interacting complex of TMT1A-SAM-DCMB and TMT1B-
SAM-DCMB complex using GROMACS 2019. In TMT1A, we found three aromatic residues F39, F43, and
Y47 that form pi bonds with DCMB. We then expressed and purified TMT1A triple mutant (F39L, F43L, and
Y47S), and overexpressed in HelLa cells. Compared to the TMT1A wild type, TMT1A triple mutant is not
inhibited by DCMB.
In this project, we first developed an in silico model to identify the residues that distinguish the active site in
TMT1A and TMT1B, and identified three key residues that plays interacts with TMT inhibitor. We have
proved our simulation model by purified TMT1A and TMT1A mutants which would help understanding of the
DMPK properties of alkyl- or phenolic-thiol-containing therapeutics.
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Figure 1. MD simulation results showed that residues in TMT1A form a parallel and T shape pi stacking
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Statement of Purpose: A leading cause of morbidity and
mortality in the United States is cardiovascular disease,
which accounts for >420,000 deaths per year, and
epidemiological ~ studies  have  estimated  that
approximately 44% of cardiovascular disease related
deaths are attributable to coronary artery disease (CAD).
Endovascular technologies such as percutaneous
transluminal coronary angioplasty (PTCA) and stenting
are currently more widely used since they are minimally
invasive and less risky, however, there are still major
complications called “restenosis” after these procedures.
Various imaging techniques are currently widely used to
detect the progression of restenosis, but these are
invasive, inconsistent, and entail relatively high hospital
costs. Therefore, there is urgent clinical need for the
development of a new technology on continuous non-
invasive monitoring method or device technology to
evaluate restenosis progression long term. This study
shows a new low-profile strain sensor integrated coronary
stent with its associated computational and preclinical in
vitro study outcomes.

Methods: Finite element analysis (FEA) was used to
predict the focal restenosis to model the coronary artery
silicone elastomer models with wvaried thickness of
neointimal layer mimicking in-stent restenosis. The model
constituents, intima, media, adventitia, and plaque are
modeled as hyperelastic material, to show the material
behavior due to different loading. The hyperelastic
behavior of the artery components was modeled using the
9-parameters Mooney-Rivilen equation. With the results
artery models were fabricated using silicone (Ecoflex 00-
30,), with mixed viscosity 3,000 cP, tensile strength 200
psi, 100% modulus 10 psi, elongation% at break 900%-,
and 4-hours curing time. The wireless strain sensor
consists of a soft, low-profile strain sensor and electronic
stent. The strain sensor acts as a capacitor and the stent is
the inductor, which forms an LC circuit with a detectable
resonant frequency.

Results: A novel in vitro test platform with silicone
coronary artery models has been fabricated to accurately
evaluate the sensor’s performance in vitro prior to animal
studies. Both numerical analysis and computational fluid
dynamics (CFD) were used to design the artery model
with various levels of restenosis. Optically measured
diameter changes under pulsatile cardiac flow represents
the corresponding strain values as shown in Figure 1. (A).
The higher restenosis levels (i.e., thicker neointima
growth) shows reduced strain values from 0.2 to 0.048.
Figure 1. (B) shows our newly developed low-profile

capacitive strain sensor that contains polyimide substrate,
transfer-printed nanomembrane electrodes, which can
detect strains as low as 0.15% with a sensitivity of 3%
per % linear strain. The relationship between the
restenosis level and capacitance changes have been
successfully demonstrated as shown in Figure. 1 (C). The
sensor performance is suitable to detect small alterations
produced in the coronary artery with the progression of
restenosis under typical pulsatile flow. The sensor
performance is suitable to detect small alterations
produced in the coronary artery with the progression of
restenosis under typical pulsatile flow. In addition to the
development of strain sensors, an in vitro test platform
has been constructed to accurately evaluate the sensor’s
performance. Both numerical analysis and computational
fluid dynamics (CFD) were used to design the artery
model with various levels of restenosis. The strain plots
of artery models from both numerical and computational
analyses have successfully shown the relationship
between the strain and restenosis levels, varied pressures,
artery lumens, and artery thicknesses.

A strain for different restenosis levels for 1.5mm thickness B
03 - - - - .

005 -2 mm
c 15

0

o 3 3 b o0 10

poels per brtery model longtituchallength .
3075
<
Bhm 0 60 75 90

Restenosis (%)

Figure 1. (A) Optically quantified strains using silicone
restenosis model developed, (B) low-profile capacitive strain
sensor, and (C) capacitance changes with varied restenosis
conditions

Conclusions: Both computational modeling and in vitro
benchtop mechanical tests were used to validate the
silicone coronary artery model design with varied
neointima thicknesses. A newly developed strain sensor
showed its flexibility and capability of arterial strain
sensing under physiological conditions in vitro. Our
recent outcomes will provide better solutions for both
diagnostic heart disease and many other vascular
diseases that require stents.
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Scalable manufacturing of skin-conformal,
stretchable electrodes via screen-printing
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I. SUMMARY

Various printing technologies have demonstrated
efficiency and compatibility with soft materials for
manufacturing wearable electronics.™* However,
wearable device manufacturing still involves a
costly, complex, multi-step, and error-prone
cleanroom process.! Here, we present fully screen-
printable, skin-conformable electrodes with real-
time electrocardiogram (ECG) recording for
assessing arrhythmia. Flexible and stretchable
electrodes are screen-printed with polyimide (PI)
and silver/silver chloride (Ag/AgCl) multi-layers,
which successfully demonstrate its excellent
mechanical compliance during deformation, such as
twisting, bending, and stretching (Figure 1a). PI
layer printing is achieved with thixotropic additives.
Several properties are ideal for screen printing inks.
Screen printing inks generally have high viscosity,
thixotropic, and viscoelastic properties. This
thixotropic behavior helps the printing ink press
through the screen opening (low viscosity at a high
shear rate) and avoid spreading after printing (high
viscosity at a low shear rate). Polyethylene-glycol
(PEG) has been chosen as the thixotropic additive
for biocompatibility. With 2% PEG, the PI layer can
be printed as small as 150 ym while maintaining
mechanical properties.

In addition, the flexible, wearable circuit with
wireless communication allows conformal contact
on human skin and real-time monitoring through a
mobile device. Further, we have designed and
demonstrated an algorithm for heartbeat rates (HR),
respiration rates (RR), and heart rate variability
(HRV), which are critical tools for analyzing the
physiological information and early detection of
arrhythmia (Figure 1b).

The scalable and cost-effective manufacturing of
skin-conformable electrodes for continuous and
wireless health monitoring will potentially offer
wellness to patients with chronic or acute diseases.
Future studies will focus on clinical applications of
the electrode for machine-learning-enabled real-
time diagnosis of acute heart diseases.

(@) screen Printing Ag/AgCl

i
X
Z7

(b)
Printed electrodes
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Figure 1 (a) Schematic illustration of PI-PEG, Silver

ink screen-printing, and the electrode structure. (b)

Real-time ECG collection with the calculated heart
metrics related to arrhythmia.
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Multi-responsive injectable ECM-based embolic delivering therapeutic

agents for treating cerebral saccular aneurysms
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. INTRODUCTION

Aneurysms are vascular lesions resulting from the
vessel wall's biomechanical failure related to
hemodynamic stress and inflammation. Aneurysm
rupture can result in subarachnoid hemorrhage often
leading to death or disability. Embolization using a
metallic coil (e.g. platinum) is a current clinical first
choice for saccular aneurysm treatment, but it has
limitations including coil compaction, coil migration,
and recanalization, leading to a need for
retreatment.’? Injectable embolic agents and
hydrogels (e.g., Onyx™, TRUfill™ n-butyl
cyanoacrylate, and EmboGel™) are entering the
clinical arena and showing positive results. However,
these injectable embolics also have shown
recanalization after treatment. In this regard, an
alternative material inducing rapid embolization of
the aneurysmal sac and stimulating tissue ingrowth
as the material is absorbed might provide a more
permanent treatment. An injectable hydrogel
delivering therapeutic agents could isolate the
aneurysm by embolization and stabilize the sac
through in vivo tissue engineering.

Il. APPROACH

An extracellular matrix (ECM) based thermo-/pH
responsive injectable gel system consisting of
thiolated gelatin (Gel-SH) and vinyl sulfonated
hyaluronic acid (HA-VS) was prepared. Chemical
structures were confirmed by proton nuclear
magnetic resonance. Contrast agent iohexol and
therapeutic agents (Monocyte Chemoattractant
Protein-1 (MCP-1) or substance p (SP)) were
incorporated in the injectable embolic and their
morphology, hemocompatibility, thrombogenicity,
cell penetration and proliferation, von Willebrand
factor (VWF) or a-smooth muscle actin (aSMA)
expression were evaluated in vitro. At three weeks
following the injection into a murine carotid aneurysm
model, pro-inflammatory cytokine production assay
and immunohistochemistry including H&E staining
were performed to evaluate the potential physiologic
response in cerebral aneurysm treatment.

The Gel-SH and HA-VS gelled after injection through
30-gauge needles at pH 7.4 and 36°C within 30 sec
and the gel exhibited a porous structure with
scanning electron microscopy. The iohexol-
incorporated gel had moderate thrombogenicity, and
rat smooth muscle cell penetration and proliferation.
VWF and aSMA expressions were greater when SP
was incorporated. In the animal study, the injectables
demonstrated potential for use in the treatment of
aneurysms in terms of successful embolization of the
sac with subsequent tissue ingrowth (Fig. 1).
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Figure 1. H&E staining of mouse carotid aneurysms post-
embolization with different gel combinations: (A) carotid
artery without embolic, (B) HA-VS/Gel-SH with 10%
iohexol, (C) HA-VS/Gel-SH with 10% iohexol and MCP-1,
(D) HA-VS/Gel-SH with 10% iohexol and RSDA-SP, and
(E) HA-VS/Gel-SH with 10% iohexol, RADA-SP, and MCP-
1, (F) tissue in growth in the sac of the aneurysm with the

injected embolic.

lll. CONCLUSION

The proposed ECM-based injectable embolic
demonstrated potential use in  aneurysm

embolization, delivering therapeutics, and treating

saccular aneurysms. Long-term animal studies are

planned for the next step of the project.

REFERENCES

1. Kim, S., Nowicki, K. W., Gross, B. A. & Wagner,
W. R. Injectable hydrogels for vascular
embolization and cell delivery: The potential for
advances in cerebral aneurysm treatment.
Biomaterials 277, 121109 (2021).

2. Kim, S. et al. Bioabsorbable, elastomer-coated
magnesium alloy coils for treating saccular
cerebrovascular aneurysms. Biomaterials 290,
121857 (2022).

UKC 2023 132



Co-transcriptional folding of nascent RNA
in the presence of RNA-binding proteins
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'Department of Biophysics, Johns Hopkins University, Baltimore, MD 21218

. SUMMARY

During transcription, RNA is folded with the
assistance of RNA-binding proteins (RBPs).
However, typical RNA-folding experiments are
conducted without RBPs, and RNA-protein binding
experiments employ RNAs that have already been
well-folded. In this study, we imitated the co-
transcriptional binding of RBP and its effect on RNA
folding during transcription via a helicase-mediated
RNA folding method. We discovered that the
presence of RBPs during transcription produces
novel intermediate states in the folding of the G-
quadruplex and halts the folding of the hairpin
structure.

Il. Introduction

The transcription process generates nascent
RNA, which requires a co-transcriptional process to
mature. Numerous RNA-binding proteins (RBPs)
are involved in this co-transcriptional process, in
which RNA folds in the presence of RBP bindings.
However, conventional in vitro RNA folding
experiments were conducted without RBPs in
solution; consequently, the binding effect of RBPs
during RNA folding has not been thoroughly
comprehended. In this study, we utilized a helicase-
mediated RNA folding method' that enables us to
mimic the co-transcriptional binding of RBP and its
effect on RNA folding during transcription.

lll. Methods
Using biotin, we affixed a DNA-RNA hybrid

construct to a PEG-coated glass slide (Figure 1a, c).

The construct for post-folded (i.e., RNA folds before
RBP injection) has one DNA oligo with biotin and a
G-quadruplex (TERRA) sequence containing RNA
which can be combined with DNA oligo. So, the
RNA overhang is well-folded to the Gq structure.
However, the construct for vectorial-folded (i.e.,
RNA folds simultaneously with RBPs) has one more
DNA oligo that can bind to overhang RNA
sequence to prevent RNA folding. The injection of
super helicase, RepX', unwinds the additional DNA
strand and enables RNA to fold. With Cy3 and Cy5

dyes at each RNA and DNA oligos, we can figure
out the folding state by FRET signals.

IV. Results and Discussion

We identified a newly emerged intermediate
folding state in the vectorial-folded case based on
the FRET histogram of each construct (Figure 1b,
d). It describes how the Gg-binding protein, FUS,
can bind to RNA during its folding to generate a
new folding state. The vectorial folding experiment
can provide a more realistic environment for RNA
folding and expand our knowledge of co-
transcriptional RNA folding.

(a)

—
o
—

Post-folded, 1uM FUS

§ 0 min 10 min
¢ -
¢ =
0 il E
f ) o
| f Qo
/ -
D .
oy @ N
©
5-Cys . g . .
2 2 .
o [= | z
H *§
FRET
(c (d) Vectorial-folded, 1TuM FUS
scysl e B s i, . r —
- unfolded 0 min 10 min
= t TERRA
g Y Folded |
L e f \ TERRA J
° 1
8 il
® JI. 1 Unfolded
| Repx TERRA
scys @ |l E .. f %I Folded a New i
: ‘ 2 il TERRA A State
’ i I Hﬁh 1 2 _mqfl|,||\nrm_,_,wrmﬂh;§q.-aﬂ1
Clw = BA nn AN ¥ a1 B pa h
* FRET FRET

Figure 1: DNA-RNA hybrid FRET constructs for
mimicking (a) post-folded and (b) vectorial-folded
RNAs with the presence of RNA-binding protein,
FUS. (c-d) The FRET histograms of each condition
show the novel state in the vectorial folded state.
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Towards Robotic Knee Prosthesis Personalization:
Impedance Control With PCA-Based Tuning Methodology

Woolim Hong, He (Helen) Huang'
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. INTRODUCTION

Robotic prostheses, designed to mimic natural hu-
man walking as closely as possible, have been
studied over the years to address mobility and agili-
ty issues in the lower-limb amputee population [1-3].
However, a common drawback is the lack of per-
sonalized control for each individual amputee [2].
Furthermore, these prosthetics often require a
complex and time-consuming tuning process to op-
timize walking performance for each user and dif-
ferent walking scenarios [2]. This study introduces a
novel framework for robotic knee prostheses aimed
at offering personalized control to each amputee,
potentially improving the interaction between the
user and the prosthesis. The goal of our study is to
enable personalized control of knee prostheses
while also minimizing the required tuning efforts.

Il. METHOD

We propose a continuous impedance control for
knee prosthetics, requiring varying stiffness, damp-
ing, and equilibrium angle throughout human ambu-
lation [3], termed 'Continuous Impedance Functions'
(CIFs). We use a convex optimization problem to
create individual CIF sets, fitting estimated knee
joint torque to healthy human data. For personaliza-
tion, we adjust CIFs using a new lower-dimensional
tuning space (i.e., Principal Components (PCs))
developed via Principal Component Analysis (PCA)
to capture common features. By adjusting the
weights of the PCs, we can reconstruct the CIFs to
refine the initial CIFs for each individual.

lll. RESULTS & DISCUSSIONS

Fig. 1(A) illustrates the CIFs for ten healthy subjects
obtained through convex optimization. As shown in
Fig. 1(B), PCA was used to extract the first two PCs,
reducing the dimensionality of the CIF dataset. To
assess the feasibility of using PC weight modulation
to fine-tune the impedance functions, we adjusted
the weights of PC1 and PC2 and observed the re-
sulting variations in impedance functions. Fig. 1(C)
presents the reconstructed impedance functions
based on different weights of the PCs. The weights

of PC1 (Ws,1, Wp,1, Weq,1) were modulated from 0O to
1 in increments of 0.1, while the weights of PC2
(Ws,2, Wp,2, Weq2) were modulated between -1 and
1 in increments of 0.1. The newly generated imped-
ance functions cover the actual impedance func-
tions, showing their potential for fine-tuning by ad-
justing the weights of the PCs. Consequently, our
framework requires only six tuning parameters, in
contrast to the current finite state machine-based
impedance control framework, which necessitates
12 parameters for the knee joint [2].

(A) Continuous Impedance Functions (CIFs)
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Figure 1: Study overview: (A) CIFs. (B) PCs and
their weights modulation. (C) Personalized CIFs.
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Skin-interfaced wireless device for fetal and maternal monitoring
to minimize unnecessary C-section

Hyoyoung Jeong'
"University of California Davis, Electrical and Computer Engineering department

. SUMMARY

For nearly 50 years, intrapartum fetal monitoring has
relied on cardiotocography (CTG), but this method
has limitations, including false positives that often
lead to unnecessary interventions. To address this
issue, | aim to develop an integrated monitoring
system that utilizes advanced flexible electronics for
continuous sensing and autonomous analysis'?.
This platform will enable extensive monitoring of vital
signs for both women and fetuses, incorporating
non-invasive measurements of fetal and maternal
heart rates, as well as uterine contraction activity.

Il. DESIGN AND IMPLEMENTATION

A. Skin-like continuous and seamless monitoring
E-tattoos are thin and flexible sensors that conform
to the skin to monitor various biomarkers, such as

ECG, skin temperature, and blood oxygen saturation.

Integrated with wireless technologies, they provide
comfortable and robust monitoring capabilities, even
under mechanical stress, ensuring soft and non-
irritating interfaces with the skin (Figure 1).

Figure 1: Mechanical and electrical robustness of
battery-free E-tattoo under severe deformation
during power and data transmission.

B. E-Tattoo as a Personalized Sensor

The modular and reconfigurable NFC and Bluetooth-
enabled E-tattoo, consisting of four layers, including
NFC, BT, Functional, and electrodes layers, can be
powered by an interrogator or a rechargeable coin
cell battery, enabling multiple sensing modalities
such as ECG, SpOq, heart rate, skin temperature,
and skin hydration®. The e-tattoo's design allows for
reusability and customization based on user
requirements, offering flexibility in choosing the
tracked biomarkers according to personal needs.

C. Multichannel ambulatory platform for pregnancy
monitoring

In our research, we have developed a wearable
system that monitors maternal and fetal vital signs,
including continuous maternal/fetal heart rates,

uterine contraction activity. The system utilizes
flexible sensors and a cloud platform, allowing for
data analysis and prediction of maternal and
neonatal outcomes, and has been successfully
validated in both high and low-resource settings with
positive usability and effectiveness results (Figure 2).
lll. DISCUSSION

The device design and implementation method
proposed here offers a new value of continuous fetal-
maternal monitoring, collecting continuous fetal and
maternal ECGs, oximetry, uterine activity, and
mapping. Further research will be conducted to
validate the system using an animal model
enhancing our understanding of labor dynamics.
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Figure 2: Proposed system operation including
sensors, user interface, and cloud-based analysis.
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Genome-wide epigenetic editing of human microsatellite repeats using
engineered zinc finger transcription factors
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Microsatellite repeats are short tandem repeats that
are widely distributed throughout the human
genome and, like many other types of repetitive
elements, have been shown to be dysregulated in a
variety of human diseases. For example, in the
pediatric tumor Ewing sarcoma, hundreds of inert
GGAA repeat sequences can be converted into de
novo transcriptional enhancers when bound by the
oncogenic EWS-FLI1  translocation  protein.
However, studying the mechanistic role of any
given class of microsatellite is challenging both
because of the highly repetitive nature of their DNA
sequence and their distribution at hundreds to
thousands of sites genome-wide. Recent targetable
DNA-binding technologies such as engineered zinc
finger (ZFs) and CRISPR-Cas9 provide attractive
tools for studying microsatellites but, to our
knowledge, their efficacies have not yet been
determined.

To address this, we engineered ZF arrays (ZFAs)
and targeted an RNA-guided catalytically inactive
“‘dead” Cas9 (dCas9) to bind to GGAA microsatellite
repeats. Unexpectedly, we found that when fused to
the EWS domain, engineered ZFAs substantially
outperformed dCas9 in epigenetically editing a
GGAA repeat into a de novo enhancer. Moreover,
when assessed genome-wide, we found that
expression of an individual EWS-ZFA fusion was at
least as efficient as that of EWS-FLI1 for binding
and converting hundreds of normally inert GGAA
repeats into de novo transcriptional enhancers in
mesenchymal stem cells (MSCs), a precursor cell
model for Ewing sarcoma.

In addition, we also found that a KRAB
transcriptional repression domain fused to a GGAA
repeat-targeted ZFA could silence GGAA
microsatellite enhancers genome-wide in Ewing
sarcoma cells, resulting in a marked reduction of
EWS-FLI1-activated genes. Remarkably, this
KRAB-ZFA fusion also showed selective toxicity in
Ewing sarcoma cell lines compared with other non-

Ewing cancer cell lines, consistent with its expected
Ewing sarcoma-specific editing impact on the
transcriptome.

These results demonstrate that a single engineered
ZFA, in contrast to dCas9, can efficiently bind
GGAA microsatellites genome-wide in human cells
and that recruitment of fused functional domains to
these repeats can profoundly alter chromatin states
and transcriptional signatures. These studies
provide important proofs-of-concept for how
engineered ZF technology can be used to study the
function of microsatellites in gene regulation at a
genome-wide scale and to edit the abnormal activity
of these elements in pathogenic states for potential
therapeutic applications.
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Figure1: Engineered ZFA-based fusions can

efficiently target thousands of microsatellites 1)
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microsatellites inducing selective toxicity in Ewing
sarcoma cells.
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Intelligent Upper-limb Exoskeleton using Deep Learning to predict
Human Intention for Sensory-Feedback Augmentation
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'Georgia Institute of Technology, 2IEN Center for Human-Centric Interfaces and Engineering

. SUMMARY

The decline in musculoskeletal strength from age or
stroke impacts individuals with neuromotor disorders,
with current exoskeleton robots limited by insufficient
human intention prediction, sensory feedback, and
support for upper limb joint movements. This study
introduces an intent-driven robotic exoskeleton with
cloud-based intention prediction, sensory feedback
via skin-like bioelectronics, and soft pneumatics for
upper-limb assistance, achieving 96.2% accuracy in
determining movement and augmenting strength by
5.15 times, providing a promising solution for
neuromotor disorders.

Il. Materials and Methods

A. Exoskeleton and Soft EMG Sensor Fabrication

The actuator consists of silicone tubing,
polyester mesh, and aluminum fittings. Quasistatic
testing evaluates performance at various pressures.
The exoskeleton uses carbon fiber, aluminum
connectors, and steel fasteners. It features
telescoping collets and 3D-printed arm mounts for
adjustability. Fabrication process of EMG sensor
involves fabric substrate, circuit development,
nanomembrane electrodes. Stretchable sensors are
made with Silbione, gold/chromium electrodes, and
PDMS. Mechanical and electrical tests measure
sensor properties, including cyclic stretching, circuit
bending, and electrode-skin impedance, and Finite
Element Analysis.

B. Cloud Computing Interface and Deep-learning
Motion Classifications

A microcontroller and Bluetooth system enable
wireless EMG recording. Data is transmitted to
Google Cloud for real-time applications. Cloud
software hosts the machine learning algorithm for
motion classifications. For Deep-Learning algorithm,
CNN+LSTM model is used for motion classification,
with optimized hyperparameters selected via
random search. Performance is evaluated using
accuracy metrics.

lll. Results, Conclusions, and Discussions

The fully-intent driven robotic exoskeleton
combines a motion-predicting cloud computing
platform, strength augmentation, and soft
bioelectronics-enabled sensory feedback to assist
human upper-extremity joint movements. The
lightweight exoskeleton, powered by a PAM module,
substantially reduces EMG activity (6.9 and 3.4 times
for elbow and shoulder flexion) and assists loaded
movements (1.7 and 2.1 times for elbow and
shoulder flexion). Skin-like bioelectronics monitor
EMG signals, which are processed via a cloud-based
deep-learning algorithm to predict users' intended
movements with 95.4% accuracy for biceps/triceps
and 97.0% for medial deltoid/latissimus dorsi
movements. The exoskeleton's response time for
movement assistance is 300-350 ms, offering a
transformative  solution for individuals with
neuromotor disorders.
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. SUMMARY

Our study introduces a significant innovation in
molecular diagnostics and life sciences. We have
developed an engineered PcrA M6 helicase that
exhibits increased speed and processivity,
effectively replacing the heat cycling step in the
Polymerase Chain Reaction (PCR) process with
enzymatic DNA unwinding. This has led to the
establishment of an isothermal amplification
technique, termed SHARP (SSB/helicase-assisted
rapid PCR), which maintains the essential
characteristics of PCR.

Il. METHODOLOGY AND RESULTS

SHARP is an isothermal nucleic acid amplification
technique that utilizes an engineered helicase PcrA
M6 and single-stranded DNA binding protein (SSB)
alongside standard PCR reagents. SHARP is
capable of generating amplicons up to 6000 base
pairs in length and producing functional DNA.
Moreover, SHARP has the ability to amplify specific
fragments from the genomic DNA of human cells.
We have used SHARP to evaluate the results of
CRISPR/Cas9 editing at endogenous genomic sites
and for the straightforward detection and
quantification of genome editing outcomes at these
sites.

lll. APPLICATIONS AND FUTURE WORK

Our findings indicate that SHARP can reliably
amplify genomic DNA, establishing it as a feasible
PCR-free method for targeted quantification of
genome editing outcomes. We have also examined
SHARP's capacity to amplify sequences that are
susceptible to secondary structure formation, such
as trinucleotide CAG repeats. Furthermore, we have
shown that SHARP can operate effectively at 37°C.
Looking ahead, we plan to investigate further
applications of SHARP within the realms of
molecular diagnostics and life sciences.
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Figure 1: Comparison of PCR and SHARP. a. PCR
uses temperature cycling to unwind DNA. b.
SHARP uses PcrA M6 helicase and SSB for DNA
unwinding at a constant temperature.
Created with BioRender.com.

Table 1: SHARP Components for 20 yL Reaction

Reagent Volume (pl)
PcrA M6 (0.2mg/ml) 1

SSB (9mg/ml) 0.25
Bst-LF (1.5mg/ml) 0.1

dNTPs (10mM) 0.25 each
ATP (100mM) 1

DTT (100mM) 2

Primers (10uM) 0.5 each
10x Buffer 1x
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Noninvasive estimation of intracranial pressure

via diffuse correlation spectroscopy
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I. INTRODUCTION

Intracranial pressure (ICP) monitoring is crucial for
assessing cerebral perfusion in traumatic brain injury
(TBI) patients. The prevailing method, though
invasive and risk-laden due to surgical drilling and
probe insertion, remains the gold standard. We've
previously demonstrated that non-invasive critical
closing pressure (CrCP) estimates via diffuse
correlation spectroscopy (DCS) hold promise, given
CrCP's direct correlation with ICP. However, the
non-linear relationship between the flow and
pressure measurements involved in CrCP estimation
often undermines its accuracy, thereby necessitating
optimization of the processing/estimating algorithm.
We hereby propose a systematic approach to
enhance the CrCP and ICP correlation.

Il. Method

CBFi(t)

: invasive ICP[n]
e P e
[ B,
B i tratbood ow pr:CRess

vkl ABP(t)
(a) (b)
Figure 1. Proposed CrCP algorithm to best

match with invasive ICP measurements. (a)
DCS-based CrCP principle, (b) The CrCP algorithm

A. DCS and CrCP

DCS employs a non-invasive optical technique to
provide a cerebral blood flow index (CBFi) based on
fluctuations in light intensity scattered by moving red
blood cells [1]. CrCP hinges on the linear correlation
between changes in pulsatile arterial pressure

Table 1. CrCP parameters in Figure 1.

(pPABP) and blood flow (pCBFi) during a cardiac
cycle. The zero-flow intercept is CrCP, which several
studies have confirmed correlates with ICP [2].

B. Algorithm Optimization

The traditional CrCP fitting algorithm necessitates
optimization to better align the CrCP estimates with
actual ICP measurements. Issues like a low signal-
to-noise ratio in pCBFi and non-linear physiological
relationship between flow and pressure considerably
affect the linearity assumption in the CrCP fitting
method. The proposed optimization involves
parameter adjustments (as outlined in Table 1) to
improve the CrCP-ICP match.

C. Subject Recruitment, Study Procedure, Analysis
Under an active, approved protocol, we are
collecting DCS data from TBI patients with clinically
placed ICP and arterial blood pressure monitors.
Although we are conducting individualized data
analyses, further measurements are necessary to
enhance the efficacy in CrCP algorithm optimization.
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Next-Generation Hybrid Models: Combining Attention Mechanisms and
LSTM for Improved Predictions and Process Control in the Chemical
Industry

Parth Shah', and Joseph Sang-ll Kwon'
"Artie McFerrin Department of Chemical Engineering, Texas A&M University, Texas

I. SUMMARY

The chemical industry is undergoing a significant
transformation, which is driven by recent
advancements in artificial intelligence (Al) and
machine learning (ML) techniques that harness large
quantities of process data from chemical plants. At
the forefront of this revolution are hybrid models,
which have gained substantial popularity over purely
data-driven approaches such as deep neural
networks (DNN) and long short-term memory (LSTM)
networks [1]. This is because hybrid models combine
a first-principles (FP) model with a suitable data-
driven approach to synergistically provide better
predictions than purely data-driven ML models [2].
DNN-based hybrid models developed in the
literature for various chemical processes show good
predictions [3]. But most chemical systems exhibit
process uncertainties, such as sensor noise, feed
and temperature fluctuations, and changing kinetics,
distorting the measurements fed to the hybrid model
and resulting in a noticeable plant-model mismatch.
As aresult, a DNN-based hybrid model that does not
accurately capture these temporal dependencies will
display a plant-model mismatch with process
operation. Therefore, the development of next-
generation hybrid models that can (a) account for
these process uncertainties and (b) accurately
predict these time-varying parameters is necessary.

Recently, attention-based ML models have been in
the spotlight due to their remarkable ability to
establish strong correlations between input and
outputs, even in the presence of system noise or
uncertainties. These models adeptly focus on short-
term (e.g., sudden change in temperature due to
control actions) and long-term (e.g., concentration
evolution) dependencies in the evolution of system
states [3,4]. On the other hand, LSTM-based
sequential time-series models have shown superior
predictive performance due to their ability to consider
the time evolution of system states explicitly.

To this end, we propose a novel attention-LSTM-
based hybrid model for a complex, non-trivial fed-
batch fermentation process. Here, the input (past
state measurements) is sent through an encoder
module to lift the states into higher dimensions. Then
an attention mechanism with a subsequent LSTM
layer is applied to obtain time-series predictions of
uncertain parameters. Next, the predicted uncertain
parameters are then fed to the FP model to obtain
state predictions. The training and validation dataset
is generated by simulating a FP model of a fermenter
system for over 100 different operating conditions.
Additionally, the prediction results (i.e., biomass,
substrate, and product) were compared against an
existing DNN-based hybrid model to highlight the
superior performance of the proposed model. Finally,
the developed hybrid model is incorporated within a
model predictive controller (MPC) to achieve set-
point targets for product and operating cost by
determining optimal input profiles for flow rate and
temperature. In a nutshell, the combined benefits of
attention mechanism and LSTM-based sequential
modeling give rise to the next generation of hybrid
models that can regulate process uncertainties while
providing accurate process predictions.
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CO2 EOR and Carbon Capture Utilization and Storage (CCUS): Field-
Scale Application of Mobility-Control CO2 Foams
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. SUMMARY
In addition to CO2 Enhanced Oil Recovery (EOR),
underground petroleum-bearing geological

formation has long been recognized as a safe and
effective means of sequestrating carbon dioxide
(CO2) in Carbon Capture Utilization and Storage
(CCUS) processes. Among numerous projects
(more than 10 projects in 3 different continents) that
we have carried out during the last decades, this
study presents an example of field-scale project (4
layers with differing petrophysical properties) — how
field-scale evaluation of CO2 EOR and CCUS
treatment can be performed.

Il. INTRODUCTION

A typical gas injection process often suffers from
gravity segregation, viscous fingering, and
channeling, resulting in early breakthrough and poor
volumetric sweep efficiency (meaning low oil
production and poor COZ2 storage). By injecting
foamed CO2, the process can significantly improve
both aerial and vertical sweep efficiency in actual
field processes [1, 2].

Figure 1: FIELD INJECTION EXAMPLE

lll. METHODOLOGY
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Valorization of Nutrients in Surface Waters Through the Sustainable
Biomass Production of the Attached Algae Flow-way for Biofuels

Sungwhan Kim' and Ryan W. Davis'
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. SUMMARY

A. Research background

Energy needs and climate change have increased
the demand for algal research as a promising
solution to produce clean and sustainable products
and services in various industries including food,
energy, and environment. Sandia National
Laboratories (SNL) has been studying attached
periphytic algae flow-ways to couple environmental
remediation, particularly wasted nutrients from
agricultural  runoff, with sustainable biomass
production for the applications of biofuels and other
biomaterials.

B. Field deployments

SNL has concentrated on an application for
environmental remediation on nutrient recovery from
non-point source water through the employment of
the attached periphytic algae flow-way. Our study
consists of an in-depth assessment of multi-year-
long field deployments of the attached algae flow-
way in different US territories with various
compromised surface water. Key environmental
factors, which had a significant impact on biomass
productivity, were determined and their predictive
capability were assessed'?2.

B. Pilot-scale study

SNL built and operated two pilot-scale attached
algae flow-ways to test and optimize various
operating parameters and understand microbial
community change throughout the cultivation period.
As a result, dynamics of microbial consortia during
continuous cultivation were observed. Diversity
changes over the cultivation period were analyzed as
well as relative abundance of associated microbes
with respect to key events were analyzed to
determine key microbes that are associated with
positive impacts such as high biomass productivity,
low ash contents, and low sloughing.

Il. ILLUSTRATIONS

No harmful algal bloom
(HAB)

Upper Laguna Madre

Figure 1. lllustration of field deployment of attached
algae flowway to remediate surface water while
producing algal biomass
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Solid-State Hydrolysis of Sodium Borohydride for Hydrogen Generation
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. SUMMARY

We proposed the hydrolysis of sodium borohydride
(NaBH4, SBH) and water formed by thermal
dehydration of sodium metaborate tetrahydrate
(NaBO2'4H20, SMBH). The safety hazards due to
self-hydrolysis of SBH are eliminated as the mixture
of SBH and SMBH is stable at ambient temperature.
In addition, SMBH is a product of the hydrolysis of
SBH. Since the final products are homogeneous with
SMBH, therefore, there is no need for post-reaction
separation for the regeneration of the spent fuel.
Using this approach, maximum overall Hz yields of
4.7 and 5.1wt% were obtained at 200 and 250°C,
respectively.

Il. RESULTS

A. Hydrogen Release Kinetics

The effect of molar ratio of SMBH to SBH
(SMBH/SBH) was investigated at two different
temperatures. As shown in Figure 1, the H:
equivalent increased as the SMBH/SBH increased
but did not increase any more when approaching the
highest possible equivalent (= 4) for higher
SMBH/SBH. It is clear that even if the H2 equivalent
is the same, as the amount of SMBH increases, the
total weight (SBH + SMBH) also increases, so the H2
yield decreases. In this study, the maximum overall
Hz yields of 4.7 and 5.1wt% were obtained at 200
and 250°C, respectively.

B. Characterization of solid products

The solid products examined above were further
characterized by "B solid-state NMR. The NMR
spectral peaks for SBH and SMBH are generally
observed at near 1 and -42 ppm, corresponding to
[B(OH)s]- and [BH4]-, respectively. The peaks
assigned to both SBH and SMBH were seen in the
final products obtained at 150°C, indicating that
some SBH were left unreacted. For 200°C, however,
the peaks corresponding to SBH disappeared and
the same peak profile as SMBH was observed,
meaning that the final products are homogeneous

with SMBH, therefore, there is no need for post-
reaction separation for the regeneration of the spent
fuel.

Overall Hz yield (wt%)
Hz Equivalent

%)
T

Molar Ratio of SMBH to SBH (SMBH/SBH)

Figure 1: Effect of SMBH/ SBH on H: overall yield
and equivalent for different temperature

lll. CONCLUSIONS

The safety hazards due to self-hydrolysis of SBH are
eliminated as the mixture of SBH and SMBH is stable
at ambient temperature. In addition, SMBH is a
product of the hydrolysis of SBH. Since the final
products are homogeneous with SMBH, therefore,
there is no need for post-reaction separation for the
regeneration of the spent fuel. Using the proposed
method, the maximum overall Hz yields of 4.7 and
51wt% were obtained at 200 and 250°C,
respectively. With high hydrogen vyield and
simplification of the regeneration process, this
proposed method is promising for hydrogen storage
for fuel cell applications.!
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Facile Soft-lithographic Micromolding Approaches for Controlled
Fabrication of Micropatterned Opal Hydrogel Materials

Subhash Kalidindi and Hyunmin Yi
Tufts University, Medford, MA 02155 USA

INTRODUCTION

Artificial opal-structured hydrogel materials offer
significant potential in a wide range of sensing
applications. However, it remains challenging to
manufacture such potent materials in a simple,
tunable and reliable manner. Existing
photolithographic and microfluidic techniques suffer
from long opal deposition times, and often involve
complex and arduous steps. In this presentation, we
report a simple micromolding-based evaporation-
polymerization method for the fabrication of synthetic
and biopolymeric hydrogel films containing
micropatterned opal structures as well as opal
microparticles.

RESULTS AND DISCUSSION

Intense and uniform opalescent colors were
achieved by a simple evaporative deposition of
polystyrene (PS) bead solution in patterned
micromolds. The observed colors, diffraction spectra
and PS bead sizes measured with dynamic light
scattering (DLS) all correlated well with expected
values through modified Bragg-Snell equation,
confirming reliable assembly as well as simple and
robust fabrication scheme.

These micropatterned opal structures were then
captured in hydrogel films by simple UV-indued
photopolymerization or thermal gelation. The as-
prepared films show high tunability as well as
responsiveness to various environmental cues such
as humidity, pH and ionic strength that are
manifested via shifts in color readily observable with
bare eyes.

Importantly, a potent aminopolysaccharide chitosan
enables multitude of desirable features both for
fabrication and the resulting functionality, ranging
from stable opal formation, reliable and high yield
pattern transfer, chemical functionality, stability in a
wide range of extreme conditions, and to spatially
selective electroassembly as well as inverse opal
fabrication.

Combined with UV-vis reflectance spectroscopy and
morphological characterizations, these evidences
illustrate the robust, simple and reliable nature of our
integrated deposition-polymerization approach for
controlled fabrication of optically active and stimuli-
responsive functional materials. We thus envision
that the results and the facile approach reported here
can be extended to many applications including
environmental monitoring, medical diagnostics and
biosensing applications. In this presentation, our
recent progress on a range of biopolymer-mediated
fabrication and responsiveness studies will also be
highlighted.
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Real-time investigation of Nanoparticle Self-assembly mechanisms and
its controlling factors

Jaewon Lee',
' Department of Mechanical & Aerospace Engineering, University of Missouri, Columbia, MO 65211, USA.,

Superlattice structures formed by nanoparticle
(NP) self-assembly have attracted increasing
attention due to their potential as a novel class of
nanomaterials with enhanced physicochemical
properties tailored by the assembly structure.[1] For
instance, rationally designing superlattice patterns
with defined separation distances can play an
important role in controlling properties such as
surface plasmon resonance. However, many key
questions remain regarding the correlation between
the dynamics of individual NPs and the emerging
superlattice patterns. Such self-assemblies directly
result from a subtle balance between various forces
between NPs over different length scales. Brownian
force (Fgr) resulting from thermal energy triggers
motions of NPs. The van der Waals force (Fuaw)
between NPs is generally a major attractive force at
close separations, whereas the electrostatic force
(Fer), hydrodynamic force (Fp), and steric hindrance
repulsion force (Fsn) are repulsive forces.(Fig 1a)

To gain insights into the self-assembly process,
we conducted in situ liquid cell TEM (LCTEM)
experiments (Fig.1b and Fig.2) and monitored the
silver or gold NP assembly process in real time to
reveal the kinetics and the driving sources of
assembly process under various experimental
conditions, such as solvents and ligands.

To understand kinetic details of the process, the
self-assembly of gold NPs are further analyzed by
calculating the contributions of various forces
involved [3-4]. Our results show that these forces,
including Fs, Fvaw, Fe, and Fp, and their interplay
play a key role in NP self-assembly process. The
superlattice structure can be controlled via solvents
or ligands.

These results provide insights into the complex
competition between forces at different scales, as
well as the detailed coupling between dynamics and
energetics of self-assembly. The obtained
knowledge of interactions between surface coating
materials can be extended to a wide range of

ligands with different chain lengths, functionalized
groups, or biodegradable polymers that can be
applied to the fields of material synthesis, bio-
mineralization, bio-sensors, or electronic devices..
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Figure 1 Schematic drawing of (a) particle-particle
force interactions and (b) self-assembly process of
NPs as a function of time.
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Figure 2 Snptso in situ LCTEM images of
silver NPs. Yellow and red highlighted particles
moved from a small cluster to a large cluster.
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Disordered Cathode Materials for High-Energy Lithium-lon Batteries

Juhyeon Ahn

Lawrence Berkeley National Laboratory

I. SUMMARY

Mn-based transition-metal oxides  and
oxyfluorides have been considered promising earth-
abundant and inexpensive cathode materials.
However, these materials often face structural
deteriorations that degrade electrochemical cycling
performance of lithium-ion batteries. Here | present
improved electrochemical performances by unique
approaches to changes in the structural and
compositional changes of the disordered rocksalt
materials. It includes fluorination method, local
structural rearrangements, and phase
transformations. The resulting cathode materials
enhance the Li-diffusion kinetics through reversible
structural changes during the charge and discharge
process, allowing the stable cycling performances.
The study provides the material design principle for
next-generation high-energy cathodes.

Il. RESEARCH APPROACHES

A. Anion Substitution with Fluorine

The use of a fluoropolymer as an F precursor to
synthesize Li transition-metal oxyfluoride materials
enables a wide variety of chemical and
compositional designs in a rocksalt crystal
framework within the LiaMoM’cOdY2.4 system, where
M and M’ are the redox active and inactive
transition metals, respectively (Fig. 1a).

B. Local Structural Rearrangements

By simultaneously increasing Mn and F contents in
the disordered rocksalt, the resulting cathode
materials experience voltage and capacity evolution
over cycling (Fig. 1b). Through advanced
characterization analyses, the local structural
rearrangements occur along with the Li insertion
into the tetrahedral and octahedral sites while the
reversible cationic Mn and a small anionic oxygen
redox sources participate.

C. Disordered Phase Transformations

With  further increasing the Mn content
(Li1.1Mn0.8Ti0.101.9F0.1), remarkably  higher
capacity and energy were obtained nearly 320

mAh/g and 900 Wh/kg, respectively. The wide-
angle X-ray scattering (WAXS), solid-state nuclear
magnetic resonance (NMR), and high-resolution
transmission electron microscopy (HRTEM) provide
solid evidence of phase transformation occurring in
the randomly distributed nanodomain orientations.
The disordered cubic rocksalt structure with a
phase (Fig. 1c) partially evolves to a more ordered
® and B’ phases during the repeated Li
insertion/extraction followed by the Mn3+/4+ redox
process. The phase transformations between a, &
and B’ are reversible, leading to the stable cycling
performance.
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Figure 1: Disordered Rocksalt Cathode Materials. a.
Crystal structure. b. Voltage profiles of the initial
and after numerous cycles. c. STEM-HAADF image
obtained from a particle sample.
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Spreading and wetting of transiently-crosslinked polymer spheres
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. SUMMARY

The interface between coating materials and
substrates are critical for a range of applications,
including adhesives’, organic coatings?, and inkjet
printing®. For adhesives and coatings, it is important
to understand how polymeric materials interact with
substrates, including spreading and wetting
behavior*. This is different than commonly
considered water drops. For polymers, crosslinked
networks, and non-Newtonian fluids, spreading,
wetting, and interfacial behavior have been studied
as a function of material properties, such as
modulus and chemical bonding, as well as the
effects of surface energies of the substrate.
Recently, polymeric materials that have transient
bonds, characterized by their dynamic reversibility,
have become a popular route to control unique
viscoelastic properties®. However, understanding
the interaction between transient polymeric
materials and surfaces is an ongoing challenge.

In this study, silicone networks with dynamic bonds
are prepared by using an amine group on a
polydimethylsiloxane (PDMS) backbone. These
networks can associate or dissociate reversibly with
an aldehyde group that acts as a crosslinker. The
modulus can be controlled by adjusting the amount
of crosslinker and duration of curing in the oven. By
controlling the material properties, we study the
spreading behavior of transient PDMS spheres by
tracking changes in shape. An example image of a
spreading sphere is shown in Figure 1.

Figure 1: Spreading of polymer sphere on glass
substrates
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Practical and Economical Additive Manufacturing for High Temperature
Applications
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INTRODUCTION

Heat exchanger intensification through powder pro-
cessing and enhanced design (HIPPED) is a ground-
breaking heat exchanger concept geared towards
transforming power generation by enabling very high
efficiency closed-loop supercritical CO2 based power
cycles. At Michigan State University (MSU), Haynes
214, a nickel-based superalloy, is being explored as
a possible solution to realize this concept by additive
manufacturing (AM) technology. We have developed
a new patent pending AM process called scalable
and expeditious additive manufacturing (SEAM) at
MSU, providing an economical solution.

Experimental Setup

Scalable and Expeditious Additive Manufacturing
(SEAM)

The SEAM process fabricates the part through
multiple steps: (1) premixing the starting metal
powder with a photopolymer (2) curing the
photopolymer with a digital light projector (DLP) to
temporarily bond the metal powder corresponding to
the CAD (computer-aided design) model (3)
eliminating carbon residue from the photopolymer
while initiating direct bonding among the metal
Green Part Fabrication Process

Mixing system
Photocurable resin

- DLP module

Metal powder >l

Roller i ]

/ Green part
::;A;)&lirs-ir::m Build platform
/ Debinding and Sintering Process
62 @ ® .
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N
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Figure 1. Schematic diagram of the SEAM process

powders via diffusion, and (4) consolidating the metal
powder to densify the 3D structure [1]. Figure 1
illustrates the overview of SEAM process.

This SEAM process can (1) provide a platform
suitable for large-scale printing, (2) expedite printing
speed, (3) create fully dense parts with consistent
microstructures, and (4) generate reliable and
consistent parts.

RESULT

An innovative strategy to attain a complete binder re-
moval and high density as well as dimensional accu-
racy were developed and employed to achieve final
metal parts with relative density above 99.5% and no
geometrical distortion.

Also, an internal cost analysis process was carried
out on the fabrication of heat exchanger assembly
designed by MSU, and the results indicate a 6-9
times total cost reduction by using SEAM process in
comparison with selective laser melting (SLM) which
is one of widely used AM process, depending on the
number of heat exchanger plates per assembly.
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Via Metrology and Inspection for Advanced Electronics Packaging
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. SUMMARY

This paper presents a via quality inspection method
based on analysis of curved-edge diffraction
interferogram (CEI) that occurred in via edges. Vias
on the wafers made of silicon, silicon carbide, glass,
etc. or printed circuit board (PCB) are copper-lined
holes to enable a three-dimensional (3D) electrical
interconnection between the different layers of the
circuitry. The edge diffraction interferograms, being
collected through the areal imaging method, are
affected by via edge topography, edge geometry and
defects. After applying statistical feature extraction
methods and wavelet transform to the collected
fringe data, corresponding features of various defect
modes were further extracted. In summary, both
proposed methods enabled characterization and
identification of various via edge defect modes and
shed light on automatic via edge defects detection
and categorization for advanced electronics
packaging.

Il. CHALLENGES IN VIA INSPECTION

With the advent of high-performance electronic
devices used in automotives, airplanes, computers,
cellphones, televisions, or tablets, PCB and
semiconductor industry are looking for high-
throughput, reliable, low-cost manufacturing, and
inspection technologies of micro/nanoscale vias on
circuitry and wafers to achieve advanced electronics
packaging. Conventional via inspection methods
such as optical microscopy, scanning electron
microscopy (SEM), atomic force microscopy (AFM)
and so on are limited to single via characterization
due to its small field of view (FOV). As the via size
gets smaller and smaller, via parameters such as
diameter, roundness, via-to-via distance, heat-
affected zone, and via edge roughness should be
monitored and controlled.

lll. MEASUREMENT PRINCIPLE

The authors have been investigating knife- and
curved-edge diffraction techniques for the
measurement of motion, edge roughness, metal
corrosion, tool wear, photomask defects, wafer
defects, and so on [14], and established
computational models associated with Maxwell’s
equations and validated those models through
experimental verification. The CEl method was
applied to via metrology and inspection as seen in
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Figure 1: Schematic of the proposed
measurement system for via edge metrology

Figure 1. The interferogram obtained by the imaging
system was compared with that of the reference-like
via. Here the cross-correlation method was
employed for quantitative comparison. In this study,
micro/nanoscale topographic features on vias with a
diameter of 10~100 ym fabricated by laser drilling
and chemical etching were inspected and
determined their quality in terms of via roundness,
center deviation, and via edge roughness by
establishing via edge models.
IV. CONCLUSION
The proposed method reveals critical factors that
determine the electronic device performance in
terms of energy efficiency, life-cycle, and
computational functions. The inspection, metrology
instrumentation and in-situ analysis techniques will
not only benefit the electronics industry with
emphasis on quality control but enable their via
manufacturing processes under tight control, quality
improvement, and reduced scrap rates to enhance
environmental sustainability.
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. INTRODUCTION

Large-scale manufacturing of flexible and wearable
devices remains challenging due to the limitations
of existing techniques. This study introduces
methods that combine wafer-scale transfer printing
and programmable dual-regime spray to develop
thin film flexible devices and wearable biomedical e-
textiles. The wafer-scale transfer printing technique
facilitates  defect-free  separation of  high-
performance thin-film electronics and enables
multiple  wafer reuses. Concurrently, the
programmable dual-regime spray enables direct
custom writing of functional nanoparticles onto
various fabrics, achieving submillimeter resolution
over a meter scale. The resulting e-textiles preserve
their intrinsic properties, including mechanical
flexibility, water-vapor permeability, and comfort,
even after multiple uses and washes. They also
provide a secure fit for different body sizes and
shapes, allowing  accurate recording  of
physiological and electrophysiological signals
during ambulatory conditions.

Il. APPROAH

A. Transfer Printing for Flexible Thin Film Devices
This study presents a complementary transfer
printing process composed of crucial steps to
produce thin-film electronics. (i) We define different
combinations of dissimilar forms and compositions
of single-crystalline semiconducting nanomaterials
at desired locations on a SiO2/Si wafer in a single
device layout. This is followed by conventional
CMOS fabrication processes, resulting in completed
electronic circuits on the wafer. (i) We detach the
entire layer of completed thin-film electronics from
the SiO2/Si fabrication wafer without defects,
enabling wafer recycling for subsequent fabrication
cycles. The separated thin-film electronics can then
be attached to any supporting substrates or
surfaces. Experimental and computational studies
were conducted to understand the transfer printing
process's underlying  mechanism, ensuring
scalability, controllability, and reproducibility in
manufacturing. Demonstrations of this method were

performed on various representative electronics
and nanosensors, such as logic gates, switches,
photodetectors, and environmental monitors. These
devices exhibit electronic properties comparable to
control counterpart devices, highlighting the
effectiveness of this approach.

B. Dual-Regime Spray Techniques for E-textiles

This study presents a novel approach utilizing a
programmable dual-regime spray to produce
custom-designed e-textiles with high spatial
resolution (sub-millimeter scale) over a large area
(meter scale), surpassing conventional methods.
The dual-regime spray consists of two separate
airflow modules (i.e., high- and low-speed) mounted
on a three-axis computer numerical control (CNC)
gantry. This setup allows direct custom spraying of
conducting nanoparticles onto arbitrary fabrics with
precise control over mass loading and penetration
depth, eliminating the need for shadow masks or
dedicated vacuum equipment typically required in
existing approaches. Pilot field tests were
conducted in a remote health-monitoring setting
involving large animals, such as horses,
demonstrating the scalability and utility of these e-
textiles. This approach offers rapid prototyping
capabilities for custom e-textiles tailored to diverse
clinical needs and opens new possibilities for
integrating electronic features onto various surfaces.

lll. ILLUSTRATIONS

Figure 1: Advanced manufacturing techniques for
flexible thin film devices and e-textiles.
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l. SUMMARY

We present a novel manufacturing paradigm that
eliminates the reliance on ftraditional mold-
dependent methods for producing pressure and
tactile sensors. Conventional manufacturing
processes involve intricate and expensive
patterning techniques such as mask aligning,
photolithography, etching, and transferring patterns
onto flexible substrates. In contrast, our mold-free
fabrication  approach utilizes high-resolution
multiscale 3D-printed microstructures as the
substrate and employs a gas-phase conformal
polymer coating technique to create a mold-free
sensing platform.

Il. RESULTS AND DISCUSSION

The utilization of state-of-the-art 3D printers
enables the fabrication of intricate structures with
complex geometries and customized shapes
through precise micropatterning. We employ an
array of dome and spike structures with controlled
spike density as the substrate, ensuring a high
surface area for enhanced sensor performance. To
achieve uniform coating on the microstructured
surface, we utilize oxidative chemical vapor
deposition (oCVD) at low temperatures (< ~100 °C)
to deposit a highly conformal and conductive
electrode known as poly(3,4-
ethylenedioxythiophene) (PEDOT).

The fabricated pressure sensor exhibits sensitive
response to a wide range of pressures, with the
sensitivity depending on the density of the spikes. It
demonstrates  high  sensitivity and  rapid
response/recovery time (~36 ps) even at ultra-low
pressures below 0.05 kPa. To validate the
mechanism behind this exceptional performance,
we conducted finite element analysis, which
revealed a correlation between the surface
structure and the sensor's characteristics.

Our unique findings have significant implications for
technologies that require improved sensing
capabilities, scalability, and easy adjustment of
sensor geometry, all achieved through a cost-
effective manufacturing process.

lll. ILLUSTRATIONS

Conventional Mold-based Novel Mold-Free Manufacturing

HR 3D Printing 0oCVD conformal Polymers

= Simple process
no mask-related or pattem-transferring steps

+ Simply change patterns (customized patterns available)
ng the pattern to substrates (e.g., PDMS) Ply change p P

+ Multi-scale patters enhancing contact area and linearity
mold patterns (Customized patterns unavailable)

t nilliseconds to seconds

Figure 1: Comparisons of the manufacturing
process of pressure/tactile sensors between the
conventional mold-based and mold-free
manufacturing’#*
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Additive Manufacturing of Rubber
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. INTRODUCTION

Rubber is a versatile, durable, resistant, and
insulating material which has a plethora of
applications. However, processing condition
requirements such as high pressure and
temperature for natural and synthetic rubbers make
additive manufacturing (AM) of rubber challenging.
The purpose of this study is to investigate whether
natural and synthetic rubbers can be used as a 3D
printable material. A printable ink was developed
using rubber latex, synthetic liquid rubber or
blended in varying amounts to increase the ink's
total solid content and prevent shrinkage. The
formulated ink is made with close relation to any
traditional rubber formulation and the ink after
printing (green part) undergoes heat treatment to
incorporate crosslinking and induce vulcanization in
the printed specimens. The rheological properties of
the ink were investigated for consistent extrusion
and shape retention in the printed parts. The
dimensional accuracy, printability, and mechanical
properties of the 3D printed specimens were also
examined.

Il. MATERIALS AND METHODS

The properties of high solid content rubber inks
used in the direct print process were evaluated to
determine the ideal printing parameters, and the 3D
printed specimens were subjected to vulcanization.

Materials: The natural rubber (NR) latex purchased
from Liquid Latex Direct (Burton-upon-Stather, UK)
and liquid butadiene rubber was obtained from
Kuraray Company, Ltd (Tokyo, Japan). TritonX-100
surfactant and stearic acid activator were
purchased from Sigma-Aldrich (St. Louis, USA).
The vulcanizing agents and accelerators used in
this study—sulfur, zinc oxide, tetramethyl thiuram
disulfde (TMTD), and Ncyclohexyl-2-benzothioazole
sulfenamide (CBTS) — were provided by Akrochem
Co. (Akron, USA).

Vulcanization: A conventional rubber vulcanization
technique that inserts sulfur crosslinks using heat
treatment was adopted in this system by using the
same additives as initiators, activators, crosslinking
agents and accelerants. The high viscosity of the

blended mixture enabled the additives (sulfur,
stearic acid, zinc oxide, TMTD and CBTS) to diffuse
homogenously. Vulcanization of the material was
then achieved by thermal treatment of the sample
at 140 °C to 160 °C for 20 minutes.

lll. RESULTS

This study shows the viability of utilizing rubber inks
for AM and demonstrates the potential for rubber
inks using the direct-ink write (DIW) process. AM
provides manufacturers the freedom to customize
and produce parts on a small scale at a lower cost.
The successful 3D printing and processing of the
design models demonstrates that the rubber ink in
this study can be printed, processed, and used in
future applications in the automotive and aerospace
industries.

Figure 1: 3D structures fabricated by DIW
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Cutting mechanisms of cross-ply carbon fabrics using a drag cutter
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I. SUMMARY

An experimental study investigates cutting
mechanisms of cross-ply woven carbon fabrics. The
thrust force decreases with increasing the cutter
angle from 15° to 45°. The thrust force increases,
and the feed force decreases when the fiber
orientation becomes from 0°/90° to 45°/135°. The
effect of feed on cutting forces is minimal.

Il. INTRODUCTION

Dry carbon fiber fabrics are typically cut to the
desired shape and size using computer-controlled
cutting machines before the stacking-up process
when fabricating carbon fiber reinforced plastics
(CFRP) [1]. This study aims to investigate the effect
of the cutting conditions and the fiber orientations on
cutting forces when cutting cross-ply dry carbon
fabrics with a drag cutter.

lll. METHODS

The workpiece material is a woven carbon fiber
fabric manufactured by Hexcel, a 5 harness satin
weaving type. The experimental setup uses a 3-axis
CNC milling center to cut the workpiece placed in a
vacuum plate (20 inHg) mounted with a 3-axis
dynamometer for output cutting force recording. The
input variables include 1) fiber orientations: 0°/90°
and 45°/135°, 2) feed: 2.54 m/min and 10.16 m/min,
and 3) drag cutter angle: 15° and 45°.

lll. RESULTS AND DISCUSSION

When the drag cutter is applied to the dry fabric
specimen, the thrust force (Fz) rises rapidly due to
the cutter’s pressing the jig. As the cutting proceeds,
the feed force (Fy) increases from O N to 1.5 N,
cutting with an average force of 1.5 N, and then, after
the maximum cutting principal force of 2.4 N is
generated immediately before completing.

Fig. 2 shows how average cutting force is affected by
fiber orientation, feed speed, and cutter angle when
using the drag cutter. All three input parameters have
little effect on the feed force and the later force, while
the thrust force is influenced highly by the fiber
orientation and the cutter angle, which is the angle
between the cutter’'s edge and the feed direction.
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Fig. 1: Cutting forces during the cutting process
(45°/135° fabric; 2.54 m/min; 15° cutter angle)
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Fig. 2: Cutting force variations

lll. CONCLUSION

When using the drag cutter, the cutting forces of the
dry woven carbon fabrics depend highly on the cutter
angle, which reduces thrust force with the increment.
The fiber orientation also affects the cutting forces,
and the 45°/135° fabric results in higher thrust force.
The feed did not influence the cutting force
magnitudes.
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I. INTRODUCTION

A critical factor in facilitating the widespread
implementation of lab-on-a-chip devices for point-
of-care applications is the effective extraction of
cell-free plasma and precise measurement of
biomarkers within blood samples due to the
extensive use of blood plasma in disease diagnosis
can be attributed to its abundance of biomarkers. In
this study, we propose a novel approach that
combines the Dean vortex and micro-filtration
methods, fabricated through 3-D printing, to create
three-dimensional structured microfluidic channels.
This innovative method enables on-chip extraction
of cell-free plasma.

Il. TECHNICAL APPROACH

A. Microchannel Fabricated by 3-D Printing

In this study, we utilized the Photonic Professional
GT system (Nanoscribe) to fabricate three-
dimensional (3-D) microchannels of varying depths.
The objective was to establish a micro-filtration
methodology employing a spiral channel design.
The photoresist material was crosslinked at a voxel
scale of 1 um”3 using an infrared laser, enabling
the creation of intricate molds for the microchannel
structures, as shown in Figure 1a. Subsequently,
the soft lithography method was used to fabricate
the Polydimethylsiloxane (PDMS) microchannel.

B. Blood-plasma Separation

To enhance the separation of cell-free plasma, we
integrated one hundred 1 x 2 x 30um (W, H, L) filter
sub-channels into the outer trifurcation outlet of the
spiral microchannel. This spiral channel design first
effectively concentrates red blood cells towards the
inner outlet channel, reducing cell concentration in
the blood flow before reaching the micro-filters in
the outer outlet channel. The efficiency and
separation speed were substantially enhanced
through the implementation of a cross-flow design
and lower cell concentration. This strategic
approach effectively mitigated the issue of clogging,
leading to notable improvements in the overall
performance of the system, as shown in Figure 1b.

lll. RESULT AND DISSCUSSION

The integration of micro-filtration into the spiral
channel for blood plasma separation achieving an
average hematocrit reduction ranging from 99.8%
to 100% within a rapid timeframe of 52 seconds.
This design exhibits significant potential for
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Figure 1: (a) Microchannel design (left), 3-D view of
the channel(mid), and SEM image of micro-filters
(right); (b) Real-time frame of blood-plasma
separation in the micro-filiration area (left), High-
efficient cell-free plasma separation results (right).
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l. Introduction

Well-experienced operators in the metal cutting
industry can tell the cutting conditions by listening to
the sound of the machine's operation. Based on their
experiences in a context and with sound made by the
machine, they determine whether cutting is good. In
the previous study, cutting state monitoring and
productivity prediction for a tube-cutting machine
were performed [1]. This study presents the
development and application of sound recognition
for real-time cutting condition monitoring of CNC
milling machines. To adopt human auditory sensing
for manufacturing sound recognition, we utilized the
MTConnect framework to make the real-time stream
of the sound sensors. For the artificial intelligence (Al)
algorithm to implement real-time monitoring, we
utilized one-dimensional (1D) convolutional neural
network (CNN) model.

Il. Proposed method

Figure 1 illustrates the outline of the proposed
monitoring method for real-time remote sound
recognition of the CNC mill. Raspberry Pi was used
for edge computing for the sensors and the Al model.
multiple stethoscope-based USB microphones, so-
called internal sound sensors, were deployed to the
machine. MTConnect was employed to enable
sound streams from the sensors so that the Al model
predicts cutting conditions in real-time. The end
users monitor the cutting conditions using web-
based dashboards.

Real-time remote sound recognition
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Figure 1: Outline of real-time sound recognition
system for CNC mill
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lll. Al model and implementation

Figure 2 showed a real-time sound data pipeline and
the 1D CNN architecture. As an input feature of the
CNN model, the square magnitude of FFT (fast
Fourier transform) was utilized. The feature is fed
into the CNN architecture. Three convolutional layers
and three hidden layers were adopted in the CNN
architecture. The output layer of the CNN model is a
binary that has True or False. In Figure 2, True
means cutting, and False means non-cutting. The
entire system was deployed on Raspberry Pi. A
program for Al algorithms was written in Python. For
the CNN model, TensorFlow Lite module was used.
Sound recognition for cutting condition monitoring
was successfully implemented.
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. INTRODUCTION

The terrain following(TF) technique is used by
aircraft to fly at low altitudes to reduce the probability
of being detected by the enemy. A TF simulator
recognizes the terrain using DTED and generates and
guides the flight path based on the aircraft's
performance. In this paper, we develop the TF
simulator which consists of a radar simulator, terrain
following computer(TFC) simulator, and flight
simulator as shown in Fig. 1.
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Figure 1: Configuration of Terrain Following Simulator

The radar simulator receives the terrain scan
command, generates measurements which are then
processed into terrain scan data(TSD) and sends
TSD to the TFC. After receiving the TSD, the TFC
generates a flight trajectory for the aircraft to follow.
The TSD generation algorithm was developed and
implemented in the radar simulator, and the phased
array radar was simulated to generate TSD with
DTED Level 2 database [1]. To develop TF algorithm
without actual flight tests, it is essential to develop a
TF simulator. Using high-fidelity simulator can partially
replace the real flight verification. Therefore, the cost
and time required for TF system development can be
reduced, and the risks can be minimized.

Il. METHOD

The TFC Simulator consists of terrain profile
module, trajectory module, and guidance command
moule. And three Modes can be selected in TFC
Simulator: passive mode, active mode, and hybrid
mode. Depending on the selected mode, the

corresponding terrain profile, trajectory, and guidance
command are generated. The terrain profile module is
a module for obtaining the terrain information [2]. The
trajectory module generates the flight path by applying
morphological dilation operation and circular path [3].
The guidance command module generates vertical
accelerations based on the generated TF flight path
and communicates with the flight simulator. Based on
the requirements of the terrain profile, trajectory, and
guidance command modules, unit tests were
conducted and the results were shown in fig.2.
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Figure 2: Hybrid mode in TFC Simulator
lll. RESULTS

This paper proposes the TF simulator which could
be used for the development of TF algorithm without
real flight test. The TF simulator consists of the radar
simulator, the TFC simulator, and the flight simulator.
The simulation results of the TF simulator are
presented.
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Decarbonization Effort in Non-Road Heavy-Duty Equipment

Youngjin Son’
1Caterpillar Inc.

I. SUMMARY

Climate change is one of the most challenging
problems and to keep the planet from warming,
most countries have goals to reach net zero by
2050. Caterpillar continued its investments to
support this global initiative in various area via its
own business in energy and transportation sectors.
In this paper, Caterpillar's efforts and solutions in
alternative and renewable power generation
sources and transportation area will be introduced.

Il. ENERGY, FUEL ECONOMY AND EMISSIONS

Caterpillar continues to improve existing power
solution using diesel or natural gas fuel with better
fuel efficiency and less emissions meeting most
countries’ emission regulation including US Tier4,
EU Stage V, and more to reduce greenhouse gas.
These products enable customers to achieve their
climate-related goals.

lll. PRODUCTS

Caterpillar committed to continue investment in
products to enable de-carbonization to save the
environment.

A. Lower-carbon intensity fuels

Fuel choice is one-way customers can reduce
greenhouse gas emissions. Many Caterpillar
products are operating on lower-carbon alternatives
to diesel and natural gas today, including biodiesel,
renewable diesel, and biogas. For example, HVO
can reduce carbon intensity by 45% to 85% versus
diesel. Caterpillar engines operating on natural gas
blended with up to 80% hydrogen are being
demonstrated in power generation projects today.
Turbines can operate on up to 100% hydrogen.

B. Hydrogen fuel cell

Caterpillar has a three-year project through a
collaboration with Microsoft and Ballard Power
Systems to demonstrate a power system
incorporating large-format hydrogen fuel cells to
produce reliable and sustainable backup power for

Microsoft data centers. Hydrogen fuel cell powered
locomotive train is being demonstrated.

C. Electrification

D6E XE high-drive dozer, for example, offers up to
35% better fuel efficiency and up to 23% less fuel
usage than previous models. The 795 electric drive
mining truck with a diesel-electric drivetrain has
been paired with a trolley-assist system.

D. Battery-stored power

Worksite power solution for a land-drilling

operation that pairs a G3512 Natural Gas
Generator with the Cat Energy Storage System with
fully integrated controls.

E. Microgrids

Microgrids integrate renewable energy sources.

into electric power systems. These worksite
installations are particularly valuable in remote
locations where renewable energy sources like
solar or hydropower are readily available and
electrical grids may deliver inconsistent power.

\ \;j; ¥

Figure 1: Hydrogen-Fueled Genset
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High performance green composites made with cellulose long filament
and vanillin epoxy

Jaehwan Kim', Samia Adil', Bijender Kumar?', Yaohui Ci'
1CRC for Nanocellulose Future Composites, Inha University, Incheon 22212, Republic of Korea

. INTRODUCTION

Recently, the bio-resource demand for
developing high-performance and environmentally
friendly composites has been increasing because of
net zero emissions and replacing petroleum-based
materials [1]. The enticing hierarchical structure of
cellulose has made it possible to fabricate bio-
based fibers via wet-spinning. Strong and tough
cellulose long filament (CLF) has been developed
by wet spinning cellulose nanofiber suspension [2].
By developing an ideal biodegradable resin with
superb adhesion properties, the NF could promise
high-performance and all-green fiber-reinforced
polymer composite fabrication. Vanillin is an
excellent source to make bio-based composites [3].
In this work, green vanillin epoxy (VE) resin was
synthesized from vanillin and utilized for fabricating
CLF-reinforced green composites (CFRGC).

Il. Methods

A. Nanocellulose filament fabrication

Strong, tough and long filament was made by wet
spinning cellulose nanofiber (CNF) suspension
followed by coagulation, washing, drying and
stretching. 1.6 wt% CNF suspension was wet spun
at a spinning speed of 250 cm/min in citric acid
solution to get CLF.

B. Resin synthesis and composite fabrication

To prepare CFRGC, firstly, bio-based VE was
prepared by the reaction of vanilin and
epichlorohydrin (ECH). To prepare the resin, VE
(0.12 mol) and 4,4-diamino diphenylmethane (DDM,
0.089 mol) were dissolved together in excess of
acetone to get the uniform mixture. After complete
dissolving, the acetone was evaporated at 80°C to
obtain the viscous epoxy-based resin. Biobased
VE-DDM resin was then impregnated with CLFs
mats using the vacuum assisted resin transfer
molding (VARTM) technique.

lll. RESULTS

The proposed all-green composite combines the
high mechanical strength and stiffness of wet-spun
nanocellulose long filaments with the rigidity of
biobased VE resin. The developed composite
material is very lightweight, The reinforcement with
CLFs improved the flexural strength and flexural
modulus of neat biobased VE resin remarkably by
135.1% and 542.8%. The green composite
possessed a Tg of 144°C and a water contact angle
of 96.4°, demonstrating good thermal stability and
hydrophobic properties. Figure 1 shows schematic
of CFRGC fabrication process.
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Figure 1: Schematic of CLF-reinforced green
composite fabrication.
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Morphology Control of Inkjet-Printed Micro-Patterns
for Printed Electronics

Jun Young Hwang, Jun Ho Yu, Kwon Yong Shin, Chanwoo Yang, Kwan Hyun Cho, Sang-Ho Lee
Korea Institute of Industrial Technology

SUMMARY

In printed electronics, morphology of the printed
micro-patterns has a significant impact on the
performance of the device. In particular, the
industries of highly integrated electronics and opto-
electrical energy devices demand highly fine and
highly conductive electric interconnections. On the
other hand, for flexible OLED/QLED displays and
lighting devices, uniform thickness is essential for
micro-pixel printing of electro-emission layers and
color conversion layers, as well as for organic layer
printing of thin film encapsulation. This presentation
introduces several state-of-the-art techniques for
control the morphology of the inkjet-printed micro-
patterns of photo- and electro-functional materials
[1~3].

ACKNOWLEDGEMENTS

This study was conducted with the support of the
Ministry of Trade, Industry and Energy (MOTIE,
Grant No. 20016124)

(A) Zn0 seed layer

REFERENCES

1.

I. Sim, S. Park, K.-Y. Shin, C. Yang, H. Kang,
J.Y. Hwang, S.-J. Moon, “Inkjet Printing of High
Aspect Ratio Silver Lines via Laser-Induced
Selective Surface Wetting Technique,” Coating,
Vol. 13, No. 683, pp. 1-11, 2023.

S. Sim, S.-H. Lee. K.H. Cho, J.H. Yu, “Feature
Size Control by Layer-by-Layer Printing and
Non-wettable Patterns for Inkjet Printing of
Micro Metal Electrode,” J. Electr. Eng. Technol.,
Vol. 16, pp. 2157-2165, 2021.

S.Y. Lee, C. Sakong, S.-H. Choi, B.-K. Ju, K.H.
Cho, “Controlling the Surface Modification by
CF,4 Plasma Treatment for Inkjet Printed Color
Conversion Layer with InP-Based QDs Ink,”
Adv. Mater. Interfaces, Vol. 10, No. 2201851,
pp. 1-8, 2023.

ZnO nanorod

'Y " P R RN

T > D >

Inkjet (Ag NP ink)
s
300
(B)

200

Y axis (pm )

100

0
800

Z axis (nm)
0 100 200 300 400
X axis (um)

{

PFOTES SAM

L4

%o 100 200 300 100
X ads (um)

Figure 1: (A) Inkjet printing via laser-induced selective surface wetting technique [1].
(B) 3-D profiles of printed silver lines on bare glass (left) and on the surface with selective wetting technique,
where inkjet drop spacing is 5 ym and laser ablation width is 40 ym.
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Multifunctional Mechano-Luminescence-Optoelectronic Composites for
Non-Invasive and Self-Learning Health Monitoring Wearables

Donghyeon Ryu’
'Department of Mechanical Engineering, New Mexico Tech; donghyeon.ryu@nmt.edu

. SUMMARY

This study presents an invention of multifunctional
mechano-luminescence-optoelectronic (MLO)
composites and up-to-date progresses on an
application of the MLO as a self-powered strain

sensing component for health monitoring wearables.

MLO fibers will be woven into traditional garments
to sense physical deformation on human body
surface without battery use. The mechanical strain
data are processed in machine learning algorithms
to create 3D mapping of strains on the body surface
for diagnosis and prognosis of health disorders. So,
the MLO-based health monitoring wearable system
is expected to be self-powered and self-learning to
adopt its strain-based health monitoring by feeding
the history of end-user's personal data into the
machine learning algorithm.

Il.  Multifunctional = mechano-luminescence-
optoelectronic composites

A. Materials and Fabrication

The MLO composites (figure 1) are composed of
two functional constituents, such as mechano-
luminescent (ML) copper-doped zinc sulfide
(ZnS:Cu)-based elastomeric composites and
mechano-optoelectronic (MO) poly(3-
hexylthiophene) (P3HT)-based thin films.

Figure 1: Multifunctional MLO composites prototype

ML elastomeric composites are fabricated
by blending the ZnS:Cu micro-particles in
polydimethylsiloxane (PDMS) elastomer and mold-
casting the ZnS:Cu-PDMS. MO P3HT-based thin
film is fabricated by spin-coating the P3HT-based
solution on a PDMS substrate. The ML and MO
constituents are assembled to prepare the MLO.

B. Coupled mechanical-radiant-electrical energy
conversion

The MLO generates direct current (DC) when
subjected to external dynamic mechanical stimuli.
The ML constituent glows under strain, and the ML
light is absorbed by the MO thin film to generate DC
(figure 2).
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Figure 2: DC voltage from MLO under tensile strain
up to 15% strain at varying loading frequencies

C. Self-powered strain sensing

The generated DC from MLO was shown to vary its
magnitude with strain and strain rate (figure 3). It is
mainly attributed to strain-sensitive ML light
intensity as well as optoelectronic properties of the
MO thin films.
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Figure 3: DC voltage v. cyclic loading up to 5%
strain with varying frequencies
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Cells function as ternary logic gates to decide their migration direction
under combined chemical and fluidic cues

Bumsoo Han', Hye-ran Moon', Soutick Saha?, Andrew Mugler?
"Purdue University, 2University of Pittsburgh

I. INTRODUCTION

Directed cell migration is ubiquitous in many
physiological and pathological processes [1-2].
During these processes, cells sense and process
multiple and often heterogeneous cues, including
chemical, mechanical, and fluidic ones [3-4]. Even
though extensive research has been performed to
identify key signaling molecules for various
environmental cues [5-6], it is still puzzling how cells
decipher simultaneous heterogenous cues and
decide on a migration direction. Specifically, how
cells respond to integrated chemical and fluidic cues
is still not well understood. In the present study, we
investigated the cellular signal processing machinery
by reverse-engineering directed cell migration to
elucidate a biophysical understanding of how cells
decipher integrated chemical and fluidic cues to
determine migration direction.

Il. RESULTS AND DISCUSSIOM

A. The engineered microenvironment with
controlled chemical and fluidic cues

We applied pressure-driven flow to the cells using
microfluidic platform that were simultaneously
exposed to the TGF-B gradient in two scenarios: 1)
parallel flow of an additive cue with the TGF-f
gradient and 2) counter flow of a competing cue to
the TGF-B gradient. Then, we analyzed the
complication of the integrated chemical and fluidic
cues asking if the non-linear cue profiles fulfill the
physical chemical cue-detection limit of the cells. In
results, most of cells were located in the area where
a relatively shallow gradient is present even for cells
not to detect the gradient.

B. Intra-cellular processing of two cues
simultaneously

We observed that cells effectively select a cue to
follow in processing the mixed chemical and fluidic
cues. When cells are capable of sensing both
chemical and fluidic cues, cells tend to follow a
chemical gradient direction in both the additive
combination with the parallel flow and the competing
with the counter flow. The cells were biased toward

the upstream direction of the fluidic cue, only when
the chemical gradient was too shallow for cells to
detect it. Most strikingly, the cellular biased response
was completely ruled out when the processing
capacity is saturated with high background
concentration of TGF-B.

C. Cellular signal processing machinery can be
modeled as a ternary logic gate

By reverse-engineering the results, we construct a
logic gate model to reconstitute the function of the
cellular signal processing machinery. The cellular
response to the cues of directions (+, 0, or -)
presents three variables as outputs of cell migration
direction, allowing us to develop a ternary logic
system.

lll. CONCLUSION

The present study laid a framework for
understanding how cells decode chemical and fluidic
cues to determine migration direction by proposing a
ternary gate circuit.
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Development of gamifying robots for improving stroke recovery and
cross-disciplinary undergraduate research experience

W. Jong Yoon'
"University of Washington Bothell, WA

l. SUMMARY

There is currently a need for scientific evidence on
how new technologies can be incorporated into
clinical practice to improve the functional outcomes
of stroke survivors. This paper focuses ongoing
example projects developed and conducted by
cross-disciplinary undergraduate student teams, as
well as how gamifying robots can enhance a physical,
interactive  element to otherwise tedious
rehabilitation activities. These two demonstrated
initiatives, which aim to increase engagement for
patients with upper motor function deficits and
hemispatial neglect (HSN), are set to be tested on
human subjects in 2023.

Il. METHODS

A. Gizmo 1.0 — for gamifying upper limb motor stroke
deficits

Gizmo 1.0 targets to improve engagement for
patients with upper motor functional deficits after an
ischemic stroke. This robot accomplishes this by
guiding patients through physician drawn paths and
pausing at specific points along the path for the
patients to reach out and trigger the robot's
ultrasonic sensor. The collected data can also be
used by rehabilitation therapists for improvement
tracking and goal setting. We are waiting to soon
perform a final human test to be conducted by our
consultant clinician. We already received approval of
the study from the Institutional Review Board (IRB).

B. Gizmo 2.0 — Towards treating Hemispatial neglect
At the strategic level, this project seeks to assist
patients suffering from a stroke in the right parietal
lobe, which causes 'spatial/visual neglect' - they lose
awareness (attention) of objects to the patient's left
side [1]. Two metrics for 'patient attention' have been
identified and implemented — face image via a robot-
mounted camera and an EEG system. A small robot
that responds to brain activity/face tracking and
attempts to regain the patient’s attention by marching
back and forth across the ‘edge’ of the patient’s
attention/inattention zones was developed. A facial
orientation tracking software has been developed.
Regarding the EEG system, which monitors brain

function or its proxies, we have collected a variety of
data that will be analyzed for attention metrics.

lll. CONCLUSION AND FUTURE WORK

Our research aims to provide readily accessible
technology (relatively low cost and easy to use and
transport, including at home). The developed robots
are expected to promote patient compliance by
increasing their engagement with therapy as well as
the involvement of their supporting community/care-
givers because it is fun not only for the patient but
also for those around the patient.

With undergraduate students from computer science,
engineering, industrial design, and health studies,
we offered ourselves as a model of cross-disciplinary
scholarship. The proposed study also includes rich
educational components. The system’s architecture,
as currently designed, is also intended to serve as
an educational sandbox where students can learn
and experiment with new technologies. Three CS
undergraduate students completed their capstone
project working as a team on this project.

PN

Figure 1: EEG system, Gizmo 2.0, and face
tracking software.
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CNN-based Vibration Signal Classification through
Image Conversion of Feature Matrix

Tae Hong Min', Byeong Keun Choi'
'Department of Energy & Mechanical Engineering, Gyeongsang National University, Republic of Korea

. Summary

The purpose of this research is to classify the fault
data by acquiring vibration data through the lab-scale
gearbox for diagnosing the fault of the rotating
machine. Image data are created from the acquired
vibration data and utilize them to classify fault data
by applying image data to Convolutional Neural
Network(CNN) algorithms that show excellent
performance in object and image recognition.

ll. Research methods

A. Experiment

Vibration data are obtained by attaching three
acceleration sensors vertically on the driveshaft
Inboard and Outboard and the non-drive shaft
Inboard of the bearing housing in the lab-scale
gearbox. Vibration data of three single
faults(misalignment(M), backlash(B), gear fault(GF))
and three composite faults including normal
conditions are obtained, and a total of seven
conditions are simulated.

B. Data acquisition and training process

Vibration data are obtained through the fault
simulation of lab-scale gearbox and 60 seconds are
obtained at a sampling rate of 65,536 Hz for 7 states.
For the training of CNN model through data pre-
processing for each state, training data is composed
through feature matrix calculation and imaging. 2/3
of the image data are used for learning, and 1/3 are
used to evaluate the classification performance of
the learned CNN model.

C. Data pre-processing

To secure training data, data sampling is performed
in units of 1 second, and features are extracted in
units of samples. When extracting features, time
domains(T), frequency domains(F), entropy
domains(E), and capstrum domains(C) are utilized.
The feature matrix is computed by features extracted
from the sample signal, and standardized, and is
imaged by performing an outer product of a vector to
represent it in matrix form.

lll. Conclusions
Classification performance was evaluated for 30
cases, and Table 1 shows the results of composing
only a single domain and the results with the highest
classification performance. Figure 1 shows an image
of each state for the feature matrix composition
model with the highest classification performance.
The results of combining each feature domain to
form a feature matrix show higher classification
performance than when using only the features of a
single domain. In particular, the classification
performance of the cepstrum domain was evaluated
higher compared to the time, frequency, and entropy
domains, and the case of combining these feature
domains with each other was shown to be higher.
As a result, the research method presented in
this paper classified single and composite fault types
as classification performance of 100%, and the
vibration signals obtained through lab-scale gearbox
confirmed the classification possibility of fault data
through the method performed in this research.

Table 1: Classification result(%)

Division T-T FF E-E C-C TC-
FE
Single fault 98.3 90.0 91.7 96.7 100
(3 cases)
Composite fault 86.7 96.7 80.0 98.3 100
(3 cases)
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Figure 1: Image composition model of TC-FE
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Optimal Design Process of Variable Geometry Turbocharger Turbine Impeller

Jae-Min Kim', Jeong-Eui Yun?, Jung-Bae Kim?, Gi-Yong Kim?
'Department of Mechanical-Vehicle Engineering, Kangwon National University,
Samcheok-si, Gangwon-do, South Korea,
2Graduate School of Disaster Prevention, Kangwon National University,
Samcheok-si, Gangwon-do, South Korea
3Keyyang Precision Co., Ltd, Gimcheon-si, Gyeongsangbuk-do, South Korea

I. INTRODUCTION

Recently, a variable geometry turbocharger (VGT)
has been actively adopted to effectively recycle the
energy of low exhaust gas to improve the efficiency
of a gasoline engine. In particular, in order to drive
the VGT even under low exhaust energy conditions
in the low speed and low load section, an optimal
design in conjunction with the vane that moves the
VGT's turbine impeller in a variable position
according to the operating conditions is required. In
this study, the optimal design of a turbine impeller
operating at the highest efficiency under the most
vulnerable operating conditions was performed
using computational flow analysis. The optimal
design of the turbine impeller first constructs an
optimization objective function consisting of three
main design variables that determine the shape of
the meridional plane and four design variables that
determine the torsion of the blade, and then
guarantees the minimum flow rate in terms of
securing the compressor driving force. It was
performed in terms of efficiency maximization as a
constraint condition.

Il. APPROACH and RESULTS

The upper right of Figure 1 shows the process of
optimizing the eight design variables that determine
the shape of the turbine impeller using the
computational flow analysis results. And the figure
on the left shows the optimization process of finding
the optimal value after creating a meta-model using
the results of computational flow analysis. The
middle part of Figure 1 shows the efficiency change
before and after the turbine impeller optimization
design according to the vane position change, and
the lower part shows the gas velocity distribution in
the turbine according to the vane position change.
From the figure, it is shown that the optimized design
of the turbine gives an increase in efficiency from up
to 11% to 3% depending on the position of the vanes
compared to the conventional model.
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Figure 1: Optimal design process based on meta-
model and efficiency comparison result before and
after optimal design
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Thermal Control in Metal Additive Manufacturing

Jihoon Jeong and Jian Cao
Department of Mechanical Engineering, Northwestern University

. SUMMARY

Laser, powder-blown directed energy deposition
(DED) has been recognized for its flexibility in
geometry and materials. Typical coaxial alignment of
the laser and powder stream supports 5-axis
fabrication, and the powder-blown delivery process
enables functionally graded materials. Despite being
widely used in various industries, such as automotive,
aerospace, and medical, challenges remain in
ensuring uniformity in the manufactured parts. To
address this issue, coaxial monitoring in DED
typically involves implementing a beam splitter (or
dichroic mirror) within the laser optic train which
redirects light emitted or reflected from the melt pool
to a sensor (infrared, CCD, pyrometer, etc.).

This research will introduce implementing a coaxial
photodiode array in a custom-built DED machine in
order to capture melt pool information at fast rates
(~100 kHz). The photodiode signals were used to
monitor reflected laser light, light emitted/radiated
from the melt pool, and relative temperature.
Leveraging these signals, a closed-loop control
scheme can be implemented to reach a desired melt
pool temperature throughout a single part. Various
sample geometries will be presented that
demonstrate signals obtained with the photodiode
array as well as the implementation of the control
scheme. In addition, a simulation-guided
feedforward-feedback control framework will be
discussed to effectively control the melt pool
temperature in DED processes.

Il. Methods

We conducted a series of experiments using our in-
house Additive Rapid Prototyping Instrument (ARPI),
which is an open-architecture directed energy
deposition (DED) machine. The ARPI system
comprises an IPG Photonics 1070 nm continuous-
wave fiber laser and a Precitec modular optics head
that directs the laser to the deposition point. The
laser spot diameter, measured at the nominal
standoff distance of 10 mm beyond the powder
nozzle, was set at 2.24 mm, following a Gaussian
power distribution. ARPI utilizes a coaxial, annular
nozzle to deliver powder feedstock, which is metered

from a GTV rotating-disk feeder, to the melt pool. For
all our experiments, the powder mass flow rate was
maintained at 12 g/min. We used spherical, gas
atomized Inconel 718 powder with a diameter
ranging from 45 to 106 um as the feedstock in all
experiments. The substrates employed were low-
carbon steel disks with a nominal diameter of 101.6
mm and a thickness of 12.7 mm.

To effectively monitor the temperature of the melt
pool in ARPI, the system incorporates on-axis
photodiode-based Planck thermometry (PDPT) [1].
Within the laser processing head, a beam splitter is
employed to direct the radiated emission from the
melt pool towards the PDPT system. This system
consists of two avalanche photodiodes (APDs)
equipped with focusing lenses and narrowband
filters. The bandpass filters have a width of 10 nm
and are centered at 680 nm and 700 nm,
respectively. This configuration minimizes the impact
of emissivity dependence on wavelength. The
voltage outputs from the two APDs are then utilized
to calculate the temperature of the melt pool.

To facilitate the acquisition of signals from the
APDs, an NI USB-6221 DAQ is employed. A
LabView VI (Virtual Instrument) is utilized to process
the acquired signals and calculate the melt pool
temperature. Additionally, the LabView VI computes
the corrected laser power using either feedback-only
control or feedforward-feedback control approaches.
For the feedback control, the proportional gain (Kp)
and integral gain (Ki) are set at 10* and 107,
respectively. The feedback controller operates at a
frequency of 415 Hz [2].
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Development of rule-based automatic diagnosis technology for motor
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I. INTRODUCTION

Rule-based diagnostic technology is a technology
that can diagnose the condition of a facility through
a decision tree that models human inductive
reasoning based on expert experience and
knowledge. Use a decision tree deduced by
defining academically established defects and
occurrences as classes and attributes, and define
rules for facility defects and assessments to
determine the status of data for universal
application. The rule-based diagnostic technology
currently developed uses signals from one-point
sensors to perform facility diagnostics, but when
performing actual facility diagnostics, various
signals obtained from multipoint are analyzed.
Therefore, in order to advance the developed rule-
based diagnostic technology, it is necessary to
develop a diagnostic technology using automation
and real multipoint signal information.

Il. DEVELOPMENT TECHNOLOGY

A. Decision Tree

In this study, the decision tree consists of a total of
7 types. The seven decision trees were set based
on the mechanical parts(component) constituting
the BFP and are shown in Figure 1. In addition,
there are a total of 21 diagnostic results (Class) for
each tree.

B. Signal recognition

Signal recognition technology is an essential
technology for automation of Rule-base diagnosis.
This is a concept that automatically extracts and
applies diagnostic information when only the
information of the target facility and the vibration
signal are input. In this study, diagnostic information
such as Peak, Sideband, Haystacks, Phase, and
Beating of FFT Spectrum can be automatically
extracted.

lll. CONCLUSION
This study is a rule-based diagnostic technology
that applies Relative Phase Recognition technology

using multipoint signals along with signal
processing technology (Peak, Sideband, Haystack)
for rule-based diagnostic automation. In order to
verify this, various facility conditions (Normal,
Bearing fault, Impeller fault,...) were simulated and
experimented using the BFP Test rig of the actual
scale. Based on the experiment and improved rule-
based diagnostic technology, the diagnostic scope
and reliability of the existing rule-based diagnostic
system were improved, and the diagnostic results of
the development technology for the model were
verified using experimental data.

| Fusnp Fanart

Figure 1: Rule-based diagnosis concept

Table 1: Rotor part decision tree

No. Attribute Class

1 Is the 1X amplitude greater than

80% of the set refernce value? Unbalance

Does 3 or more of the
Subharmnics(1/2X, 3/2X,...)
exceed 20% of the setting
reference value?

Rubbing

Does one or more of the
Subharmnics(1/2X, 3/2X,...)
exceed 25% of the setting
reference value?

Looseness
(Shaft-BRG)
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Electrified Personal Tracked Vehicle for Automation
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. SUMMARY

The personal tracked vehicle prototype was up-
dated to include an all-electric drivetrain for im-
proved performance. Now emissions-free, with im-
proved foot space and increased towing capacity,
the electric PTV demonstrates an alternative to tra-
ditional all-terrain vehicles in last-mile applications.

Il. Project Overview
A. Introduction

The original personal tracked vehicle (PTV)
concept, designed as a small form factor all-terrain
vehicle, was targeted at providing an accessible
and cost-effective transportation solution for disas-
ter scenarios [1]. The initial prototype faced several
challenges, including track resistance and drivetrain
slippage, along with ICE maintenance. Electric up-
dates remove several of these challenges.
B. Primary Upgrades and Improvements

Under the platform’s ethos of easy repairs and
replacements, a propulsion system based on elec-
tric skateboard motors was chosen. Gearing down
the motors via chain drive (10.8:1) was chosen as a
prototyping method to allow rapid change of gear
ratio for numerous testing scenarios. The new com-
mercially available motors offer a combined output
up to 8400W, resulting in a power boost over the
original engine at 4500W. The electric drivetrain not
only improves the vehicle's performance but also
contributes to its environmentally friendly creden-
tials.
C. Performance
The PTV's new drive system now facilitates turning
in place, which was not possible with the previous
drivetrain. A top speed of 24kph is achieved, outpac-
ing the former 10kph. Protective shields were in-
cluded over the tracks for safety, while the battery
form factor opens the riding platform standing space.

The control system now allows more flexible
control via PWM, UART, or CAN communication. As
a proof of concept, an Arduino Mega 2560 was em-
ployed for initial tests, laying the foundation for sim-
ple automation in the future.

Swappable batteries can now be kept on trickle
charge indefinitely, keeping them immediately

available for deployment in any rapid response sce-
nario. Battery expandability allows greater range,
speeds, or torque depending on requirements. The
current configuration, a 12S6P 21700 Li-lon cell bat-
tery and 10.8:1 gear ratio, lets the vehicle tow 350Ib
along with a driver over rough terrain, at up to 30%
grade. Range was found at 24km with this capacity.
C. Cost

While the original ICE iteration was quoted at
around 1,700USD, the electric platform is estimated
to cost nearly 2,000USD for a full build from scratch.
The electric PTV demonstrates the potential for fur-
ther development and refinement.

lll. Future work

An updated drive system to improve track align-
ment could improve reliability, efficiency, and speed.
Waypoint finding to a simulated disaster victim that
can then ride the vehicle to safety is an upcoming
avenue of testing beyond basic performance metrics.

Figure 1: ICE-powered on left, electric with
shields on right
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Optimization of Direct Energy Deposition Additive Manufacturing
Process for Al-Mg-Si Alloy and H13 Steel

Jeki Jung', Seyed Mohammad Hosseini', Chang-Hwan Choi' *

1Stevens Institute of Technology, Hoboken, NJ 07030

I. ABSTRACT

Direct energy deposition (DED) conditions in addi-
tive manufacturing of AA6063 and H13 were opti-
mized using microstructural analysis. Increasing a
laser power at a constant powder feed rate resulted
in an increase in the height of the printed layer,
while decreasing a scan speed led to an increase in
heat input and the formation of pores at the inter-
face between beads. The results contribute to opti-
mize the DED conditions for bi-metal structures us-
ing aluminum alloy and steel.

Il. INTRODUCTION

DED of multi-materials draws much attention in ad-
ditive manufacturing [1]. For example, the applica-
tion of DED of light metals is increasing to secure
crash stability and improve fuel efficiency in the au-
tomotive industry [2]. A typical example of the multi-
material is a combination of aluminum and steel.
The process variables in DED process include laser
power, scan speed, printing direction, and powder
feed rate [3]. In DED of the mixture of Al alloy and
steel powders, Fe-rich intermetallic compounds are
formed at the interface between Al alloy and steel.
This compound is brittle and can cause cracking at
the interface. Therefore, the growth of Fe-rich com-
pounds must be controlled by process optimization.
We investigate an optimized DED process for
AAB063 aluminum alloy and H13 steel.

lll. RESULT & DISCUSSION

At a given laser scanning condition, the melting ar-
ea varies according to the difference in laser ab-
sorption of the metals. Increasing a laser power at
the same powder feed rate resulted in an increase
in the height of the printed layer, while decreasing a
scan speed led to an increase in heat input and the
formation of pores at the interface between beads.
Pores between the beads were formed by high en-
ergy density. Compared to the melt pool of AA6063
aluminum alloy, the dilution area of the melt pool of
H13/AAB061 showed an irregular shape. Figure 1
shows the optimized manufacturing conditions

based on the microstructure analysis and the calcu-
lated peak temperature of the melt pool.
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Figure 1: Calculated peak temperature map of melt
pool for AA6063 during DED process.
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Towards Embodiment of Miniature Humanoid through Virtual Reality.
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I. ABSTRACT

In the past, multiple miniature humanoids have
demonstrated social capabilities and provide human
companionship. Ranging from different levels of
autonomy, human-robot collaboration was done
using robots like Darwin-OP, NAO robot, Moxie and
many more. Authors themselves provided an
in-depth demonstration of a social robot called
Avatar-Darwin [1]. Work presented in the paper
became the foundation for converting a deprecated
system such as Darwin-OP into a telepresence
capable platform. Following this paper will build
upon the previous work by first highlighting some
upgrades then discussing future work. This will
eventually help to achieve higher level of immersive
embodiment.

Il. System Architecture

A. Hardware

Darwin-Op originally only had 3 DoF arm which was
not enough for teleoperation. Authors added 3 more
actuators, allowing for a higher level of dexterity
and motion. By adding actuators to the wrist and
gripper, operators could do tasks like basic grasping
and manipulation. To accommodate features like
VR control and stereo vision, the onboard computer
was changed from Atom Z530 processor to cutting
edge Nvidia Jetson.

B. Software

In terms of software upgrades, Avatar-Darwin is
fully equipped with the Robot Operating System
(ROS); a popular middleware suited for robotics
systems. Furthermore, custom ROS modules were
created that allowed Avatar-Darwin to be controlled
using Unityy, a common Virtual Reality(VR)
development software. After running a series of
tests, it was clear that Visual and auditory latency
heavily impacted the immersion factor. To overcome
this, a Realtime Video/Audio protocol such as
WebRTC was implemented to lower the latency.
Operators arm motion were recorded using a VR
tracker and then it was translated into robot’s joint
angle. While maintaining sub 500ms latency.

C. Future Lower Body Design

Following upgrades provided a strong foundation
for telepresence systems. An operator could truly
immerse themselves and interact with others
though Darwin as an intermediary Avatar.
Unfortunately, added actuators and computers
restricted Avatar-Darwin locomotive capabilities.
The robot balance while walking was unstable, and
legs did not provide major agility.

For the next phase of research, authors are
going to redesign the bottom half of this miniature
humanoid and create a more agile walking system.
Smart servos used for the Avatar-Darwin provided
great level of accuracy and torque, but they are
slow. To have a true agile robot, authors will explore
creating legs using brushless motors.

lll. Result

Following figure shows Avatar-Darwin sitting on
a custom desk, an operator is controlling its arm
and head through Vr, from a remote locaion.

Figure 1: Avatar-Darwin Platform

REFERENCES

1. A. Dave, J. C. Vaz, J. Kim, N. Kosanovic, N.
Kassai and P. Y. Oh, "Avatar-Darwin a Social
Humanoid with Telepresence Abilities Aimed at
Embodied Avatar Systems," 2022 |IEEE-RAS
21st International Conference on Humanoid
Robots (Humanoids), Ginowan, Japan, 2022,
pp. 47-52, doi:
10.1109/Humanoids53995.2022.10000176.

171 UKC 2023



Trajectory Planning for a Cable Driven Parallel Robot
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l. Abstract

Within Cable Driven Parallel Robots, the cable
lengths and tension for a given workspace space
provide the stability, control, and overall safety of
the system. For automation purposes within an
industry setting such as warehouse, path planning
and maneuvering the end-effector to a desired
position takes account of the proper cable lengths
and tensions suitable. This paper provides the static
analysis of a CDPR with four cables and method for
trajectory planning.

Il. Introduction

As challenges within inventory management to
meet demand-supply cycle, Cable-driven parallel
robots (CDPRs) offer a potential solution to the

current rise in inventory processes around the world.

A CDPR consists of multiple cables attached to an
end-effector and motors to actuate each cable
attached for the desired trajectory. The advantages
offed by CDPRs over Unmanned Aerial Vehicles
and Unmanned Ground Vehicles consist of low
inertia, modularity, and high operation volumes. Tall
double-deep racks within a warehouse environment
put workers that operate forklifts and heavy
machinery under extreme stress and risk of injury.
CDPRs ability to be reconfigured to a warehouse
environment with a given cable orientation and
static analysis. This paper presents trajectory
planning for a CDPR system.

lll. Methodology

To automate a four link CDPR within a warehouse,
a method to control the end-effector for the desired
set of positions must be developed. For the CDPR
to move, cable lengths change with rotation of a
winch by way of motor actuation. The length of
each cable is calculated using the Euclidean
distance of the anchor points and the position of the
end-effector.

l; = \/Z(Anchori — Position)?

Fori = 1,2,3,4. The Tension of each cable must be
analyzed in order to ensure that positive tensions
are provided as the end-effector progresses
through the desired trajectory. The weight of the
end-effector is distributed along the four cables with

the assumption of a 20" x 20° x 8 symmetric
workspace.
The tension for each cable is taken with the vertical
component as T; * Cos(6;) and for the given cable
orientation. Tension for a given cable is shown as

_ Weight

L' 4cos(8)
lll. Results and Discussion
The criteria needed for the CDPR to safely navigate
along a trajectory includes consistent positive
tension to avoid instability. Position feedback
control can be established using the length of each
cable for the corresponding position. To ensure
positive tension from the start, a calibration process
must be performed. [0,0,0] meters represent the
origin at which calibration takes place. From Figure
1, the end-effector approaches the singularity and
the edges of the workspace while tensions increase
for position [0,1,2.2] meters. Under a static analysis,
the tensions reached up to 70.97 N for both cable 1
and cable 2 and 51.48 N for cable 3 and cable 4.
Further modifications can be made to justify the
cable lengths and limit error accumulated from the
elasticity of the cables before a dynamic analysis is
performed.

Figure 1: CDPR Trajectory
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Crack morphologies during ultra-precision machining of single crystal
8 %mol yttria-stabilized zirconia
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I. INTRODUCTION

Ultra-precision machining (UPM) is an emerging
method for machining brittle single crystal ceramics
to achieve fine or uncracked surfaces. However,
compared to conventional macro-scale machining
processes, the material behavior in UPM is not yet
fully understood. This study aims to investigate the
crack morphologies of single crystal 8%mol yttria-
stabilized zirconia (YSZ) with respect to fracture
systems.
Il. EXPERIMENTAL SETUP

The study utilized a 5-axis ultra-precision
machine tool with a command resolution of 1 nm,
along with a nano-polycrystalline diamond tool
featuring a nose radius of 0.5 mm, to carry out ultra-
precision cutting on single-crystal 8%mol YSZ. The
force in the x, y, and z directions during the
machining process was measured using a
dynamometer. The cutting was conducted on the
(001) plane of YSZ, with four different cutting
orientations ranging from an angle of 90° to 150°
from the [0 1 O] direction, including angles of 90, 120,
135, and 150 degrees. Each path was set to have a
slope of 1/500, and a feed of 5 mm/min was used. [1]
lll. RESULTS AND DISCUSSION

The measured force data were converted using
the following equation to evaluate the likelihood of
fracture occurrence. This parameter was referred to
as the cleavage fracture parameter (F- parameter).
The variables used in the equations included y;,
which respectively represented the angles between
the applied force and the normal vector of the
cleavage plane. The fracture toughness for the j-th
fracture system was represented by Kic,.

F; = cos® ¥; /(Kic;/miniKc;)

Table 1: Cleavage fracture parameters of each cutting angles

Equation 1 [1]

Cutting angle degree
Plane 90° 120° 135° 150°
(011) 0.997 0.875 0.724 0.601
(001) 0.434 0.451 0.645 0.484
(010) 0.345 - - -
(101) - 0.589 0.724 0.873
(110) - 0.393 0.172 0.353

(b) 120°

Figure 1: SEM images of machined surfaces

By comparing the results of F- parameters in
Table 1 and the crack morphologies shown in Figure
1, the shape of the crack can be explained by the
cleavage plane. Specifically, in case of 90°, where
the (011) and (001) planes are orthogonal to the
cutting direction, the lateral crack visible in figure 1
(a) occurs.

However, in cases of 120, 135, 150°, lateral
cracks corresponding to the (110) plane can be
observed in Figure 1 (b), (c), and (d), even though
the F- parameters for these cleavage planes are
smaller than those for other planes such as

(011) ,(101). This suggests that even with a lower
likelihood of crack initiation, lateral cracks can still
occur during the YSZ machining process.

In every case, the presence of fan-shaped
cracks suggests that there may be an interaction
between multiple cleavage planes. Further
investigation is needed to confirm the exact cleavage
planes involved in this phenomenon. Future research
will be conducted using surface profiling.
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Method for Real-Time Joint Trajectory in Telepresence Avatar Robotics
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Abstract - This paper presents a novel controller for
Avatar-Hubo, a telepresence robot, enhancing its
movement accuracy, responsiveness, and safety,
which are crucial for effective telepresence in remote
or hazardous locations.

I. INTRODUCTION

While machine learning has made notable strides,
as showcased in Chat-GPT, similar advancements
in robotics are yet to surpass basic tasks. The 2022
ANA Avatar XPRIZE competition emphasized the
goal of telepresence robotics, enabling genuine
remote interaction via robots. The competition
underscored the need for low-latency systems,
something teleconferencing tools have significantly
improved. However, motion and haptic systems
haven't seen similar progress. This research
introduces a new control system for the Avatar-Hubo
telepresence robot, leveraging filter fusion for safer,
more reliable motion trajectories.

Il. METHOD

This research addresses challenges in human-to-
robot motion transfer, particularly due to disparities
between human and robot arm characteristics [1].
We implemented an operator-specific calibration and
the BIO-IK algorithm to mitigate this. Due to the non-
real-time nature of transferring joint values from the
Virtual Reality Operating System (VROS) to Avatar-
Hubo and potential communication delays, we used
a real-time lowpass filter and PD controller to ensure
smooth, accurate, and low-latency motion. The
improved system's speed and accuracy were tested
using an operator tracking a moving virtual target in
VROS, which Avatar-Hubo then replicated. This
process was repeated across 20 trials for both the
original and proposed control systems.

lll. RESULTS

The performance of control systems is assessed
by comparing Avatar-Hubo to its Digital Twin,
specifically regarding transient end-effector tracking
accuracy. Graphical comparison in Fig. 1 reveals a

Original System Propased System

as g, -

) o4 a3 h
vim) vim)

Fig 1 Avatar-Hubo mimics the motions of a human operator in real-time (Up)
End-Effector Path during square trajectory VR target tracking trial.(Down)

significant alignment between Avatar-Hubo and its
Digital Twin's end-effector paths, exclusive to the
proposed system, indicating its improved tracking
accuracy.

IV. DISCUSSION&CONCLUSION

The proposed control system for Avatar-Hubo
effectively improves motion latency, tracking, and
safety. Future enhancements include torque-
controlled compliance for safer human-robot
interaction. Ultimately, these advancements aim to
make telepresence more user-friendly, adaptable,
and dependable.
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I. INTRODUCTION

Cellular morphology and mobility have an
essential role in several physiological and
pathological processes, e.g., fibroblasts migration
toward a wound site and regeneration of extracellular
matrix. This work investigates the cellular static and
dynamic response of Hs27 fibroblasts under a wide
range of topographical conditions, which are
previously uncharacterized, by using a multiplexed
microchip. Our experimental results with a possible
mechanistic explanation are important for a
fundamental understanding of cell behavior induced
by anisotropic environmental features and thus,
associated with a development of new bio-
platforms/tools, which enables us to interpret
biological processes in tissue regeneration and
repair by achieving effectively guided cell
morphology and migration.
Il. RESULTS AND DISCUSSION

The cellular morphology and mobility are
strongly influenced by topographical features such
as lateral and vertical dimensions, namely, ridge and
groove widths, and groove depth (R, G,and Gp,
respectively). However, the effect of the individual
dimensions as well as their interactions on cellular
function remain unexplored. In this work, we explore
the morphology and migration of Hs27 fibroblasts on
multiplexed monolithic quartz chips [1] in a wide
range of dimensional space well beyond what has
been previously studied. First, we perform a static
analysis on three different morphological metrics, i.e.,
cell spread area, aspect ratio and cell alignment
degree. Our static analysis shows that groove depth
(Gp) as deep as 725 nm causes considerable
elongation and alignment of the fibroblasts, while
further increase of G to 1000 nm slightly diminishes
both measurements (see Figure 1). The regression
analysis reveals that the Gy coupling term (i.e., Gy -
Ry ) is also important for the cell elongation and
alignment. Secondly, we characterize migration path
as well as speed of individual cells, as dynamic
measurements of the cell response, on different
topographical conditions. Our dynamic analysis
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Figure 1. A schematic diagram of our multiplexed microchip

with topographical features (i.e., ridge and groove widths

(R, and G,,) and groove depth (G,)). Summary of the static

(bottom right) and dynamic response (bottom left) of Hs27

fibroblasts under different G,s. v, and v, represents the cell

average speed along x and y axis, respectively.

confirms that the effect of G, as deep as 725 nm is

significant for better guidance of cell migration path

along the groove direction (i.e., y direction in Figure

1), while their average speed slightly decreases (see

Figure 1). We propose possible scenarios based on

well-known models (i.e., focal adhesion model and

cell membrane deformation) and in vitro conditions

to offer mechanistic interpretations of the observed

cell response including the Gp-dependent transition.
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. SUMMARY

Glass fiber/epoxy composites have been used as
structural materials for many engineering
applications, such as wind blades, infrastructure,
and constructions, due to their low density, high
strength, easy formability, chemical stability, and
corrosion resistance. However, further
developments are required in weight-critical
applications such as ever-increasing lengths of
wind blades. This necessitates a call for low-density
structural materials with significantly enhanced
mechanical properties and prolonged service life.
Most of the failures of glass fiber composites are
due to the poor mechanical properties of the
polymer matrix. The matrix damage induced at
initial cycles triggers early fatigue failure with further
cycling for composites [1]. Hence, in this presented
work, we premixed the US-patented [2] oxygen-free
aminated graphene with the hardener of epoxy, and
fabricated glass fiber/epoxy composite plates
through vacuum-assisted resin transfer molding.
The enhancement of the matrix-dominated
properties such as transverse tensile strength, ILSS,
and fatigue performance of glass fiber composites
are studied.

Il. RESULTS AND CONCLUSIONS

The covalent bond formed between the amine
group in aminated graphene and epoxy helps
increase the transverse tensile strength and ILSS of
glass fiber composite by ~11%. Figure 1 shows the
fatigue life and damage parameter of AG-glass fiber
composites. Both composites successfully survive
over 1 million cycles and the endurance limit of 0.02
wt.% AG-epoxy/glass fiber composite is significantly
improved over the reference glass fiber/epoxy
composite. It is also noteworthy to mention that the
fatigue life of glass fiber composite got improved up
to 10 times at an even lower fatigue strength level.
It is also noteworthy to mention that 0.02 wt% AG-

filled glass fiber composite has an extended steady-
state degradation than that of baseline glass fiber
composite. The slope of the damage parameter
curve for baseline glass fiber composite became
steep at around 20,000 cycles, while for 0.02 wt%
AG glass fiber composite the steady degradation
extended to around 60,000 cycles before the slope
goes steep. In addition, the slope of the damage
parameter curve at the last stage is also smaller
than that of the baseline glass fiber composite. With
the incorporation of aminated graphene in the
polymer matrix, glass fiber composite can absorb
more energy in the steady degradation phase, and
hence extend the fatigue life of the composite.
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Figure 1: Fatigue life and fatigue degradation of
AG-glass fiber composites
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Path planning problem
for Self-Rechargeable Unmanned Aerial-Ground Vehicle Group

Jaekyung J Lee', Sivakumar Rathinam'
'"Mechanical Engineering, Texas A&M University

I. INTRODUCTION

Unmanned vehicles have gained significant
popularity in both the research and industrial
sectors due to their diverse applications. These
vehicles are essential for operations including
surveillance, target tracking, reconnaissance, and
search and rescue. In this paper, our primary focus
is to address the challenges of path planning and
scheduling for multi-agent unmanned aerial
vehicles (UAVs) with battery constraints, while also
considering the presence of unmanned ground
vehicles (UGVs) capable of recharging them.
During a 72-hour period, the UGV, equipped with
two charging pads on top, travels along the
predetermined road network, charging the UAVs to
ensure they can continue their mission without
discharge.

We present simulation results that illustrate the
algorithm's runtime and whether visiting areas of

interest and continuous charging schedules are met.

Il. PROPOSED HEURISTICS

We address this problem in a meta-heuristic
approach, especially tabu search. The primary
objective is for multiple agents to participate to
maximize the overall collected rewards based on
time or distance constraints. Typically, it is not
feasible to visit all targets. Our approach enables us
to identify the feasible path, although this problem
falls under the category of NP-hard.

A. Greedy Insertion Heuristic
To begin the procedure, we select the starting and
ending points for each UAV. These points are
determined by the position of the UGV, which
serves as a shared rendezvous point. To find
feasible routes, we repeat the following steps:

1. Exchange two points.

2. Move one point.

3. Perform a two-opt clean up.

B. Tabu Search Meta-Heuristic

Tabu search is a popular meta-heuristic technique
for optimization problems. It provides a systematic
approach to exploring the solution space while
avoiding getting stuck in local optima.

lll. SIMULATION RESULTS AND CONCLUSIONS
Over a 72-hour period, we applied our algorithms to
this problem instance and obtained promising
results.

Figure 1: 72 hours simulation results for 2 UAVs
and 1 UGV

This study makes a valuable contribution to the field
of UAV operations by offering a comprehensive
solution to the path planning and scheduling
problem. Our approach considers battery
constraints and employs a multi-phase strategy,
thereby enhancing the overall effectiveness of
reconnaissance surveillance systems without
human intervention.
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Waveguided-based Darkfield Microscopy for Wafer Edge Inspection
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I. INTRODUCTION

Inspection for defectivity in the semiconductor
industry  poses  significant  challenges as
semiconductor technology becomes more complex.
In particular, wafer edge defects have emerged as
a critical factor influencing the yield rate of
semiconductor manufacturing because more chips
can be produced by saving the near-edge area.
Various methods are currently employed for wafer
edge defect inspection, including visual inspection,
brightfield microscopy, scanning electron
microscopy (SEM), atomic force microscopy (AFM),
optical coherence tomography (OCT), and others.
Although existing methods are useful in certain
aspects, they fall short of meeting the requirements
for high-resolution, sensitive, and rapid wafer edge
defect inspection. To address limitations, this study
introduces a novel approach to wafer edge
inspection using waveguide-based darkfield
microscopy.

Il. METHODOLOGY

The methodology employed in this study utilizes
waveguide-based darkfield microscopy for wafer
edge inspection, aiming to enhance image quality
by improving image contrast. Figure 1 schematically
illustrates the proposed waveguided darkfield
microscopy, where an incident light beam is
directed toward the edge of the wafer. As the light
beam propagates through the wafer, it is guided by
the top and bottom surfaces through total internal
reflection within the wafer. This guided light
continues to propagate and can be observed at the
opposite side edge of the wafer, enabling the
capture of wafer edge images with high contrast.

Laser Diode SWIR Camera
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Objective Lens Silicon Wafer
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Figure 1: Schematic of waveguided-based darkfield
microscopy.

lll. EXPERIMENT AND RESULT

Bright and darkfield images were compared by
evaluating contrast and intensity, as shown in
Figure 2. The contrast, C, was determined by the

ratio of the standard deviation to the mean intensity
of the region of interest (ROI) [1].
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Figure 2: Bright and darkfield wafer edge images.

Figure 3 presents the contrast and intensity
comparison for 10 different edge locations. It was
observed that the brightfield images exhibited
higher intensity compared to the darkfield images.
However, the proposed darkfield imaging method
demonstrated  significantly = higher  contrast,
approximately 4.5 times larger than that of the
brightfield images. This indicates that defects can
be detected more effectively using the proposed
method, which  provides sharper images.
Consequently, the proposed method holds the
potential to contribute to the development of more
accurate and efficient inspection techniques for
wafer edge inspection.
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Figure 3: Bright and darkfield a) contrast and b)
normalized mean intensity comparison.
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Parametric Machine Learning Model for Laser Powder Bed Fusion
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I. INTRODUCTION

Laser Power Bed Fusion (LPBF) is one of the most
robust techniques for additive manufacturing (AM).
In the LPBF process, there are identified factors that
can directly affect properties of materials. The flaw
formation, for example, is nonlinearly associated with
parameters of laser power, scan speed, hatch
spacing, and layer thickness. In this study, we
provide an introduction to a Bayesian machine
learning model that can summarize and predict the
nonlinear dynamics of parametric relationships
based on both data and theory.

Il. ENSEMBLE MODELING APPROACHES

We use an ensemble modeling approach that can tie
a mechanistic model based on theory to a machine
learning (ML) model with experimental data. A ML
approach usually requires a sufficient amount of data
to learn for improved predictive accuracy. This can
be improved by using a theory-based constitutive
equation as a mechanistic model, which can help the
ML model learn from the data. Particularly, a
Bayesian approach can support ML models to be
more explainable by data — it can characterize
exponential increase and decay with inputs and
outputs related to the parameters.

Constitutive relations can be typically developed
to identify regularity of the density and other LPBF
related factors (i.e., laser power, etc.) The parametric
equations attempt to characterize the change of
density values by laser power and other parameters.
The nonlinear relationships among the parameters
can be represented by a constitutive equation with
assumption that the density is proportional to laser
power (P) that is divided by a product of three
variables including scan speed (s), hatch spacing (h),
and slice thickness (t), thatis E = P/hvt.

E E
p(E)y=a—-b- exp(—?) +d-exp (_E)
In the equation, there are positive unknown 5
coefficients a, b, ¢, d, and e. The two exponential
equations represent thermally activated processes
of melting and solidification.

Estimating parameters from the constitutive
equations can be considered an inverse problem
because experimental data are used to infer the
parameters [e.g., 1]. A Bayesian model is
represented by a mathematical model of prior
knowledge of parameters and of the data generating
process given the parameters. That is,

mathematically, a prior density p(6) over the
sequence of parameters 8 express knowledge of
parameters before the collected data set.

p6,y) _ p(yl8)p(6)
fly) = = 1% 0)p(6
p(6ly) 0 e p(y16)p(8)
A vector of the sequence of parameters, 6, and a

prior density distribution of the parameter vector,
p(0) summarize our information about the
parameters before we observe the data. A sampling
distribution known as the likelihood function, p(y|6),
characterizes the distribution of measured data y
given parameters 6. The Bayes'’s rule provides a
general solution to the inverse problem, expressing
the posterior p(6|y) in terms of the prior p(6) and
likelihood p(y|6) . The posterior distribution is
denoted as p(0]y).

lll. RESULTS

A mechanistic model consists of a number of
unknown deterministic parameters, explaining the
LPBF process characteristics. A parametric equation
is limited to summarize the materials and their
features. Thus, we take an ensemble modeling
approach both with a parametric equation and a
Bayesian modeling approach from data. As a
forwmard model, the constitutive equations can
theoretically summarize the density with regard to
the parameters. The Bayesian inverse approach is
implemented, using the R and Stan platform, in an
attempt to iteratively develop a more feasible
computational model deeply based on theory.

IV. CONCLUSIONS AND DISCUSSION

Our approach provides predictive information by
inferring a probabilistic surrogate model updated by
the data set [e.g., 2]. The Bayesian perspective,
proposed in this paper, can be iteratively utilized to
find the next optimal parameters set in LPBF,
maximizing the expected improvement [e.g., 3]. Itis
promising to accelerate the process of design,
discovery, and fabrication of materials used in LPBF.
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Static analysis of a carbon fiber rotor in an axial flux motor
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I. INTRODUCTION

Aligning with the effort to decarbonize the aviation
sector, the US Advanced Research Projects Agency
-Energy (ARPA-E) introduced the Aviation-class
Synergistically  Cooled  Electric-motors  with
iNtegrated Drives (ASCEND) program. It aims to
invent a lightweight and efficient electric powertrain
for aircraft propulsion. More specifically, the new
powertrain system must have at least 93 % efficiency
with 212 kW/kg specific power [1].

After selecting the carbon fiber as a material for the
rotor to account for the optimized strength and
weight, the static analysis was conducted using both
experimental and simulation methods. This was
based on the materialistic behavior of carbon fiber
that it resembles that of metallic material until a
certain amount of load, where the failure occurs [2].

Il. METHODS

A. Experimental method

The rotor was mounted on the Universal Testing
Machine (UTM) with 40 bolt holes being connected
to represent the tensile force of 5,750 N.

B. Simulation method

The 3D model was created using the SolidWorks
software program, which was then imported by
Abaqus software for the detailed analysis (FEA)
using the Finite Element Method (FEM).

lll. RESULTS

Compiling the recorded data on the computer
throughout the 5-time tests, the results came out to
be consistent, as in Fig. 1(a). When the exerted force
reached 5,750 N, the maximum deflection of the
value 0.75 mm was logged.

The simulation results using the Abaqus software,
which imported the 3D model made by SolidWorks,
showed that the maximum deflection for the static
load of 5,750 N around the rim of the rotor is 0.854
mm. Interpolating and viewing for the experimental
measurement point, the deflection came out to be
0.745 mm, which matches with the experiment result.

» Test1
Test2
e Test3
Test4
* Test5

Deflection (mm)

Force (N)

Actual experimental
measurement

)
Fig. 1: (a) Experimental deflection plot, (b) FEA

ACKNOWLEDGEMENTS

The authors are deeply grateful to ARPA-E for the
provision of the project, and all those relevant to
ARPA-E for their constant feedback and support.

REFERENCES

1. “DE-FOA-0002238: Aviation-class synergistically
cooled electric-motors with integrated drives
(ASCEND)”, Department of Energy, Advanced
Research Projects Agency Energy, Dec. 2019.

2. Zhu, Z. F., Wang, W. W., Harries, K. A., & Zheng,
Y. Z. (2018). Uniaxial tensile stress—strain
behavior  of carbon-fiber  grid—reinforced
engineered cementitious composites. Journal of
Composites for Construction, 22(6), 04018057.

UKC 2023 180



CNN-based condition classification of vibration signal considering fault
location
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. SUMMARY

In this paper, the possibility of classifying normal
and fault condition were confirmed by generating
images considering the fault component and
occurrence location of the vibration signal and
applying to CNN-based deep learning technology.

Il. INTRODUCTION

In this paper, confirmed the possibility of
classifying the normal and failure condition of the
rotating machine by generating an image
considering the frequency component and
occurrence location of the vibration signal and
applying it to CNN-based deep learning. STFT
(Short Time Fourier Transform) was performed for
each sensor position to produce an image
considering the frequency component of the
acquired vibration signal data, and the STFT of
attached sensor position was converted to red,
green, and blue to express location information. In
order to verify this method, the reliability of this
thesis was reviewed by confirming the possibility of
distinguishing between normal and faulty conditions
based on the data obtained from the gearbox test
equipment.

lll. MODEL & IMAGE PROCESSING

Vibration data were acquired by conducting a fault
simulation experiment for the gearbox. The gearbox
test rig consists of a motor, gearbox, and load
device. It is a gearbox inside of a pinion of a driven
shaft that has 25 teeth and gear of non-driven shaft
that has 38 teeth. Fig. 1 shows an example of the
overall sequence of image conversion including
location information for vibration data. The
converted image is resynthesized into one image,
and it is possible to determine which sensor
position the dominant component appeared
according to the amplitude color of the combined
image. Therefore, it was possible to visualize which

facilities have high vibration and predominant
frequency components in the image, which means
that multipoint diagnosis can be possible with one
image. Fig 2 is shown the layers of the CNN model
used for training. In the features engineering step,
the layer composed of Convolution(COVN),
Batched normalization(BN) and Drop out(DO) was
used the three times, and max pooling(MP) was
performed only at the last step.

Figure 1: Flow of convert RGB image in STFT

Zm-44»rm

Figure 2: A specific architecture of CNN model
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A Novel Approach to Mosquito Trap: Utilizing 3D Flight Tracking
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'Department of Mechanical Engineering, Georgia Tech, 2Department of Mathematics, MIT

. SUMMARY

Mosquitoes are the most dangerous animals on the
planet, transmitting diseases such as malaria,
dengue virus, and Zika, thus causing millions of
deaths every year. The ability to trap and survey
intact mosquitoes is important for monitoring their
populations and transmissible diseases so the
appropriate amount and type of insecticide may be
deployed. However, despite a century of mosquito
trap design, a trap's efficiency, the proportion
captured of those lured to the trap, can be low and
highly variable, ranging from <10% to 58%. The
goal of this study is to elucidate mosquito behavior in
response to suction flows and to use this behavior to
design a more efficient trap.

Il. METHODS

A. Tracking experiments with mosquitoes

At the CDC, we utilize the capabilities of their
environmental chamber along with the Photonic
Sentry camera which allows us to measure the 3D
flight trajectories of mosquitoes near mosquito traps.
We tested different scenarios such as mosquitoes in
still air, with visual cues, odor and suction. We will
also introduce external wind to simulate outdoor
conditions. By analyzing the 3-D tracks, we will
measure average velocity, spatial distribution, and
swarming behavior. Our hypothesis is that consistent
experimental conditions will vyield repeatable
probability distributions and capture rates, providing
insights for trap design enhancements.

B. CFD and agent-based simulations

We simulate velocity and odor concentration fields
from the trap using CFD. By building mathematical
models of mosquito flight behavior in agent-based
simulations, we'll incorporate odor, visual cues, and
velocity fields to predict mosquito behavior. By fitting

the model to experimental data, we'll infer
parameters and functions representing their
interactions.

C. Optimizing trap design
Finally, we design and test an inexpensive and
efficient mosquito trap based on our findings.

0.5 second 2.5 second 4.5 second

@

Trap On with Odor

Trap Off with Odor

No Trap No Odor
Figure 1: (a) Mosquito trap testing facility combined
with the Photonic Sentry tracking system at CDC.
(b) The dimensions of the testing chamber. (c) The
animated spread of 100 mosquitoes from a single
release point. (d) Visualization of flight trajectories
near a mosquito trap (BG-Sentinel) for three
different conditions (no trap and no odor, trap with
odor, and trap with an operating fan).
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Electrochemistry of Metals with High Oxidation Potential

Choong-Un Kim
Department of Materials Science and Engineering, University of Texas/Arlington

l. SUMMARY

This paper describes an electrochemical mechanism
behind the known impossibility of achieving
electrodeposition of metals with high oxidation
potential like Ti, Al and Nb, and introduces possible
processing routes of resolving the mechanism thus
enabling conformal deposition of thin films that are
essential to various advanced devices yet have been
prepared by more expensive and failure prone
methods.

. INTRODUCTION

One of the last frontiers in electrochemistry may
be the electrochemical processing of metals or
semiconductors with high oxidation potential such as
Zr, Ti, Ta, Mb, Mg, Si, and Al. They are materials
essential to various advanced applications
especially in thin film forms, yet their use involves
processes with excessive cost because cheaper
routes of achieving conformal deposition like
electroplating are not readily available. A few
examples of such kind include the deposition of Ti as
a diffusion barrier, Nb as a high-T superconductor
layer and Zr as a corrosion protection layer. The
electrochemical deposition of such elements
however hasn’'t been developed to the full maturity
sufficient to produce high quality films without
complexity in processing and instrument. Especially
lacking is the process possible near at room
temperature.  Available methods so far rely on
catholic reaction either in ionic liquid or molten salt,
requiring the plating at elevated temperatures and
thus suffering from various limitations.

In theory, all metallic elements should be
plateable by the means of electrochemical process.
The fact that such method is not readily available for
elements with high oxidation potential indicates that
there exist mechanism(s) impeding the reduction of
metallic ions at cathode surface. Because the exact
nature of such mechanism(s) is currently unknown,
it is not possible to design a process of enabling
electrochemical deposition of elements under desire,
motivating investigation detailed in this presentation.

Il. Experimental Techniques and Results

Our investigation finds that there are multiple
mechanisms behind the impossibility of reducing
pure metallic ions by cathodic reaction. The first is
found to be related to the high oxidation potential of
the elements combined with an abundance of free
oxygen (Oz7) or hydroxide ions ([OH]) in aqueous
solution. As the ions can readily react with oxidizing
ions to form complex, the plated layer is a form of
oxide or hydroxide. High potential applied to the
electrodes cannot make the complex ions to
dissociate because of electrolyzation activity of water
molecule, that is

2H20(A) + 2e- —»H2(g) + 2[OH] (aq)

In order to avoid these problems, the solution
needs to be T .
changed from
water to less-
oxidizing organic
solvent. Our
exploration with
various solvents
finds that solvent
like dehumidified
Methanol  can
serve a good
electrolyte as it
consists of far
more stable form
of ions, [CH30]- and H*. Fig.1-a shows the optical
surface of Cu after plating trial of Nb (representation
of metal with high oxidation potential) for 2hrs using
Methanol with NbsCl. Greyish surface forms as Nb
nucleates but the plating is terminated at this stage
because of solution contamination, that is resulted by
etching of substrate, Cu in our case. The etching
potential is found to develop at the cathode (even
with cathodic protection) because of hydrogen
induced cathodic polarization. Pre-treating the
solution to reduce hydrogen activity is found to
enable steady growth of Nb that is pure enough to
show a reasonable superconductivity. We believe
that the electrochemical deposition of other elements
under desire shares the similar challenges that can
be resolved by the similar method we developed for
the case of Nb plating.

Optical images showing
the surface of Cu after a) 2hrs
plating in NbsCl-methanol
solution, and (b) successful
plating with dehydrogenation
treatment.

Figs.1
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Fabrication of Fe-Ni Invar Alloy using Electrodeposition Technology for
FMM Application
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. SUMMARY

Fe-Ni invar alloy (Fe 64wt%-Ni 36wt%) has very
low CTE than any other metals. For this reason,
it has been used as fine metal mask (FMM) in
RGB patterning of OLED manufacture process.
The electrodeposition of invar can be the
alternative for fabrication of thin FMM. In this
study, the Fe-Ni alloy were electrodeposited
varying bath compositions and current density.
Also, the effects of ferric ion (Fe®"), produced
during electrodeposition on inert anode, on the
behavior of deposition were investigated. Finally,
the Fe-Ni alloy with 36-40 wt% Ni were obtained.

Keywords: Fe-Ni invar alloy, electrodeposition,
anomalous codeposition, current efficiency

Il. INTRODUCTION

Fe-Ni alloy with Fe 64 wt%-36 wt% Ni,
commercially known as invar, has a low CTE
than any other metals. Based on its dimensional
stability, Fe-Ni invar has been used as the
materials of fine metal mask(FMM), a key
component in RGB patterning of organic light-
emitting diode (OLED) display, to avoid
distortion of patterns during evaporation process
at high temperature. Nowadays, commercialized
FMM has been produced by wet etching process
of invar film with over 20 ym in thickness made
by rolling process. However, it is impossible to
get higher resolution than QHD with extruded
invar thickness. Electrodeposition is considered
as one of the methods to make thinner FMM of
15 pm or less, whose resolution is higher than
QHD by relatively simple equipment and process,
compared to other technologies. However, the
properties of electrodeposited Fe-Ni film, such
as composition, microstructure, surface
morphology, are significantly influenced by
various process conditions. In this study, the
electrodeposition of Fe-Ni alloy was conducted
at various bath composition of ferrous ion (Fe?*)
and current density. Also, ferric ion (Fe®*) was
added to bath to observe the effect of ferric ion
on Fe-Ni electrodeposition behavior. Finally, Fe-

Ni films close to invar composition were obtained

and the uniformity of deposited was evaluated.
Fe-Ni alloy electrodeposition was conducted in
sulfate-chloride bath using dimensionally
stabilized anode (DSA) as anode, Ti plate as
cathode. The current density was varied from 10
mA/cm? to 200 mA/cm?, and deposition time was
adjusted with each current density to maintain
total charge of 192 C.

Fig. 1 shows the composition of deposit from
0.35 M Fe?* bath depending on current density.
At low current density, the Ni contents is higher
than 36 wt% with varying the current density.
However, the composition remained almost
constant at 36 wt% Ni at over 50 mA/cm?2.
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Fig. 1. Composition of deposits at various
current density ([Fe?*]=0.35 M)
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3-Dimensional Integration with High Interconnection Density
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l. Summary

Since the first integrated circuit was introduced,
reducing the size of semiconductor devices has been
a popular way to increase integration density and
improve performance. However, as technology
advances and device sizes approach those of
molecules, further scaling down becomes more
difficult. Recently, advanced applications such as
internet of things (loT), artificial intelligence (Al), and
high bandwidth memory (HBM) require various
devices to be integrated into smaller areas, with
shorter interconnects to reduce power consumption
and signal delay. To address these challenges, 3D
integration is becoming more popular. This involves
stacking device layers or dies vertically, which can
reduce signal delay and the size of the chip. Many
approaches have been attempted for 3D integration
[1], but monolithic 3-dimension (M3D) integration
and hybrid bonding (HB) are promising because they
can offer high interconnection and input/output (1/0)
density. This presentation will summarize the current
progress of M3D and HB and discuss challenges and
solutions for 3D integration with high interconnect
density.

Il. Monolithic 3D integration

M3D is a technique for stacking multiple device
layers in a sequential integration process. This
involves fabricating devices on an active layer
formed on top of other device layers and connect
upper and lower device layers with front-end vias
formed by photolithographic processes. The high via
density of M3D integration enables extremely high
I/O density, small signal delay, and reduced power
consumption.  However, to achieve high-
performance 3D integration circuits, many novel
processes need to be developed. The active layer for
upper devices should be formed on the lower layer.
Various techniques have been proposed to form the
upper active layer, including SOl bonding, laser-
induced polycrystallization, and hydrogen
implantation-bonding-cleavage. Laser-induced heat
treatments need be implemented to fabricate
devices on the upper layer, because conventional

high thermal budget processes cannot be used to
avoid damaging the devices already fabricated
underneath. It requires a precise control of laser
power and wavelength. Various challenges and
difficulties in processes and cost still need to be
addressed to fully realize the potential of M3D
technology.

Fig. 1. Process flow of monolithic 3-d (a) lower layer
fabrication (b) active layer formation at low temperature (c)
upper layer fabrication (stack sequentially)

Il. Hybrid bonding

Hybrid bonding (HB) technology has attained
attention because it enables high I/O density without
thermal budget restriction during device fabrication.
HB is a permanent bond of two dies that combines a
dielectric bond with embedded metal to form
interconnections. Dies to be bonded are parallelly
fabricated and completed through conventional
BEOL with Cu pads. They are bonded without bumps
to achieve finer pitch.

However, issues such as bonding voids, diffusion of
copper into SiO2 regions, and the need for precise
bonding alignment and heat management still need
to be addressed. Surface treatment and chemical
mechanical polishing can improve surface uniformity,
and annealing at high temperatures can cause
device degradation and misalignment. Advanced
alignment technologies and structures that can
efficiently dissipate heat are needed.

Fig. 2. Process flow of hybrid bonding (a) oxide deposition &
pad patterning (b) copper electroplating (c) planarization
(CMP) & copper reveal (d) plasma activation (e) alignment (f)
dielectric-to-dielectric bonding (g) Cu-to-Cu bonding
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Electrochemical Stability of Real-Scale Metallic Nanoparticles
explored by Machine Learning

Hyuck Mo Lee', Kihoon Bang'2, Doosun Hong?, Youngtae Park', Donghun Kim2, Sang Soo Han?
'Department of Materials Science and Engineering, KAIST
2Computational Science Research Center, KIST

SUMMARY

We were able to solve the problem that the
construction of Pourbaix diagrams of real-scale
nanoparticles (NPs) is not practically possible today
due to the extreme density functional theory (DFT)
cost issue. As a first step to solving this problem, we
developed a bond-type embedded crystal graph
convolutional neural network (BE-CGCNN), in which
four bonding types were uniquely encoded. BE-
CGCNN substantially outperforms the original
CGCNN?! in predicting adsorption energies over a
wide range of NP surface coverages. Using BE-
CGCNN, we demonstrated the construction of the
Pourbaix diagram of Pt NPs up to 6,535 atoms
(approximately 4.8 nm in diameter) and the case of
3,871 atoms is shown in Figure 1. Since this diagram
is for approximately 3.9 nm Pt, we can now compare
the result with the available experimental report. For
example, there is a study reporting the measured
onset potentials for surface oxide (or fully O-covered
phase) generation on Pt NPs, 0.9-1.15V on 4.0 nm-
size NPs from Mom et al.2. This value is marked on
the Pourbaix diagram of Figure 1 and is found near
the boundary lines of Pt-(O)1mL in the diagram. Such
quantitative agreement well supports that the
constructed Pourbaix diagram is highly reliable and
that the size dependence is greatly reflected.

Exploring Pt NPs of various sizes and shapes, we
find that the machine learning (ML)-based Pourbaix
diagrams well reproduce experimental observations,
such as an increasing O- to OH-covered phase ratio
and a decreasing Pt dissolution area as the NP size
increases. By presenting surface Pourbaix diagrams
of very large-size NPs, we conclude that BE-CGCNN
can serve as a strong tool to enable the stability
study of real-scale and arbitrarily shaped NPs in
electrochemical environments, which is not possible
in the conventional DFT scheme. Currently, our
model is limited to specific systems as our data set
is only composed of Pt-O or Pt-OH structures. The
model will not function well for other adsorbates (e.g.,

OOH, CO) or for different compositions of NPs (e.g.,
PtsNi, PtsFe). However, if we precisely prepare a
training set for the system we are interested in and
follow a similar protocol, the BE-CGCNN model
would be effective for the expanded material spaces,
which remains as future research.

‘ Pt3871|

Pt3871'(0)1ML

Potential (V)

4 Pt3871 '(OH)1ML

2 4 6 8 10 12 1

pH
Figure 1: Pourbaix diagram of cuboctahedron Ptss71,
which corresponds to 3.9 nm in diameter. The red
and gray spheres of the inset atomic model
represent oxygen and platinum atoms, respectively.
ML is a monolayer.
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Electrochemical synthesis of single crystalline nanomaterials and
applications to interconnect of electronic packaging

Jae Yong Song
Pohang University of Science and Technology

. SUMMARY

In advanced electronic packaging, the interconnect
technology has been developed to keep up with the
nano-scaling trend of transistors and high
performance in the view of signal integrity and power
integrity, e.g. TSV, RDL-interposer, embedded
bridge, and more recently, hybrid (direct) bonding of
C2C. In the interconnect technology, the main metals
are copper and tin, which are generally deposited by
electroplating method. Considering the scattering
mechanism of carriers, single crystals are more
favorable than polycrystalline metals. In this talk, a
route of synthesizing single crystalline metallic
nanomaterials is introduced and their applicability to
interconnecting technology in electronic packaging is
discussed.

Il. Results

A. Template-assisted electrochemical synthesis of
nanomaterials

Sn nanowires are synthesized using AAO nano-
templates and their size-dependent properties of
melting temperature, lattice parameters, and intrinsic
stress are evaluated using DSC and XRD
measurements. They show the typical size-
dependent properties in the range of 10 to 40 nm in
radius. The melting points are affected by their
diameters and aspect ratio, the lattice parameter
varies depending upon the diameter and their
microstructures, such as granular and bamboo
structures.

B. Template-free electrochemical synthesis of single
crystalline metallic nanomaterials

Single crystalline nanowires such as Ag, Cu, Au, and
Ag-Cu alloy are synthesized by electroplating
method without templates. It is supposed that they
grow due to the filamentary effect in combination with
repeated reduction/oxidation processes of precursor
metal ions, as depicted in Figure1. This mechanism
also enables us to synthesize kinds of metallic alloys.
XRD and TEM analyses prove that all the
nanomaterials have single crystalline structure with

[111]-longitudinal orientation and include several
twins.
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Figure 1:

1-D growth
Electrochemical
nanomaterials due to filamentary effect and TEM images
of Cu-Ag alloy nanostructure

growth mechanism of

C. Application to nano-ACF

The vertically grown Ag nanowires are used to
fabricate the anisotropic conductive film for the
potential application to interconnect technology of
electronic packaging, as shown in Figure 2. The
nano-ACF is electrically conductive in the thickness-
through direction, but insulating in the plane direction.

Figure 2: Typical SEM image of nano ACF composed of
Ag nanowires embedded polymer matrix film

lll. Conclusion

The single crystaline  nanomaterials are
electrochemically synthesized without templates,
which is very low-cost, and expected to be applied to
nanoscale interconnect technology in advanced
BEOL process, in the view of the lower electrical
conductivity of single crystal than that of polycrystal,
which is worth being challenged in near future.
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Phase-field Simulation of Microstructure Formation in Thin Films

Hwanwook Lee, Jungin Park, and Yongwoo Kwon
Department of Materials Science and Engineering, Hongik University

SUMMARY

We have developed a phase-field model for
microstructure formation in thin films. Our model
can simulate a wide range of materials including
semiconductors, oxides, and metals. Governing
equations describe gas transport toward the film
surface, formation of amorphous solid at the
surface, and crystallization. The various film
characteristics such as conformal or nonconformal,
amorphous or crystalline, etc can be produced
according to the adjustment of model parameters.

Keywords: thin film, microstructure simulation,
phase-field method

I. MOTIVATION

The focus of current semiconductor device
development is on three-dimensional technology,
including gate-all-around (GAA)-FET and 3D
NAND. These devices require more precise control
of thin film morphology and microstructure.

Solid phase crystallization

(Amorphous film deposition + crystallization by annealing)

(a) Conformal films

Sample 1
s IS,

(b) Nonconformal films

Sample 2

(c) Slow nucleation & fast grain growth

. .

40,000 step

0 step

.-

Therefore, the prediction of deposition profile and
microstructure will be advantageous.

Il. SIMULATION MODEL DEVELOPMENT

We established a phase-field model comprising
three partial differential equations on gas transport,
solid film formation, and the behavior of grains with
different  crystalline orientations. They are
numerically solved by the finite difference method
that was implemented by our own C++ code.
Representative simulation examples are
demonstrated in Figure 1. Our simulation model is
universal because it can simulate both amorphous
and crystalline films.
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Deposition of crystalline films
(Crystallization during deposition)

(d) Fast nucleation & slow grain growth

0 step

- .

80,000 step

40,000 step

120,000 step
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Figure 1. Simulation examples. The left panel shows the simulated microstructures produced by solid-phase
crystallization, for example, poly-Si and poly-Ge: (a) Conformal films and (b) nonconformal films. The random
nature of nucleation produces different grain configurations for the samples with the same profile of the
amorphous film. The right panel shows the simulation of crystalline film deposition such as metals: (c) slow
nucleation and fast grain growth and (d) fast nucleation and slow grain growth.
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Technology trends of 3D NAND flash memory and pathfinding
opportunities

Tae Kyung Kim

We live in a fast-paced, tech-savvy world
thanks to the widespread use of smart devices and
cloud services. As we now welcome a new era with
machine learning, artificial intelligence, and self-
driving cars, demand for easy access to data as
well as data storage security has increased. High
density NAND flash memory devices are commonly
used in personal mobile devices, computers, and
cloud servers with non-volatile data storage
capability. The semiconductor industry has focused
on increasing bit density with high performance by
device scaling, structure breakthrough, material
innovations and cell array technology. Beyond 2-
dimensional scaling, 3D NAND have been
developed with 3-dimensional scaling technologies
and architectural revolutions. Since the first 3D
NAND production with 24-word line layers around
10 years ago, 230+ WL-layer 3D NAND have been
announced recently from the major companies in
the memory industry. Recent forecasts indicate the
introduction of 500+ WL layers in a few years, and
the focus will be on pathfinding to build 1000+ WL
layers within a decade [1]. Future developments
require process engineering, material science,
device physics and architectural creativity. High
aspect ratio dry etch, conformal atomic layer
deposition, wafer stress management, poly silicon
grain engineering, 3D metrologies and cell array
engineering will be key focus areas in performance
and cost scaling [2]. Cell structure competition
between CTF (Charge Trap Flash) and FG
(Floating Gate) has been an intriguing topic with its
own uniqueness in terms of process scaling and
device capabilities. Furthermore, wafer bonding
technologies are among the latest topics for high
performance NAND flash memory. In addition to the
process and integration evolution, cell array
technologies such as TLC, QLC, PLC and HLC
were driven to increase bit density and reliability. In
this presentation, we will review how 3D NAND has
evolved with device, process, and material
technologies. Recent technical/cost challenges and
opportunities in forward development will also be
reviewed.

(a) Charge trap cell
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Figure 1: Typical 3D NAND cell structures. (a)
Charge trap flash cell with replacement metal gate;
(b) Floating gate cell with poly silicon gate.
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Figure 2: Evolution of 3D NAND: approximate
timelines are based on public report, key
technologies exhibitions depending on each
company’s roadmap.
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Highly-scaled 3D Ferroelectric Transistor Array for Compute-in-Memory

Jang-Sik Lee
Department of Materials Science and Engineering
Department of Semiconductor Engineering
Pohang University of Science and Technology (POSTECH), Pohang 37673, Korea

Hardware-based neural networks (NNs) can provide
a significant breakthrough in artificial intelligence
applications due to their ability to extract features
from unstructured data and learn from them.
However, realizing complex NN models remains
challenging because different tasks, such as feature
extraction and classification, should be performed at
different memory elements and arrays. This further
increases the required number of memory arrays
and chip size. Here, we propose a three-dimensional
ferroelectric NAND (3D FeNAND) array for the area-
efficient hardware implementation of NNs. Vector-
matrix multiplication is successfully demonstrated
using the integrated 3D FeNAND arrays, and
excellent pattern classification is achieved. By
allocating each array of vertical layers in 3D
FeNAND as the hidden layer of NN, each layer can
be used to perform different tasks, and the
classification of color-mixed patterns is achieved.
This work provides a practical strategy to realize
high-performance and highly efficient NN systems by
stacking computation components vertically.
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Half-Cycle Interrogation of HfO> Atomic Layer Deposition Mechanism
Using in-situ Reflectance Absorbance Infra-Red Spectroscopy

Jinhyun Kim', Siun Songz, YeEun Hongz, Dan Le Gardner?, MinJong Lee', Rino Choi?,
Jiyoung Kim',
'University of Texas at Dallas, Richardson, TX. USA, 2Inha University, InCheon, Korea

Atomic layer deposition (ALD) characteristics and
film properties of Hfo.5Zr0.502 (HZO) using anhydrous
H202, Os, and H20 as oxidants [1]. It was observed
that HZO deposited with H202 exhibited higher
growth per cycle (GPC), lower wet-etch rate, and
higher density compared to Oz and H20. Additionally,
the HZO capacitor fabricated using anhydrous H202
showed higher breakdown voltage and lower
leakage current compared to the HZO capacitor
using Os at the same amount of remanent
polarization. These superior film properties make
H202 an excellent oxidation reactant candidate for
oxide ALD applications. In this study, we investigate
the atomic layer deposition (ALD) mechanism of
HfO2 through a half-cycle interrogation approach
using in-situ reflectance absorbance infrared
spectroscopy (RAIRS). By monitoring the surface
reactions and species during the ALD process, we
aim to gain insights into the growth mechanism and
understand the formation of HfO2 films at the atomic
level. The reflecting configuration of the RAIRS
system provides a suitable platform for studying the
metal-insulator-metal structure fabrication process
relevant to HfO2 deposition.[2] Our results shed light
on the ligand exchange reactions, reaction site
generation, and removal dynamics during the ALD
half-cycles, revealing valuable information about the
oxide growth process. This work contributes to a
comprehensive understanding of HfO2 ALD with
various oxidants. H202 possesses both strong
oxidation power comparable to O3z and a low
dissociation energy of peroxide O-O bonds, which is
expected to produce hydroxyl reaction sites and
facilitate ligand exchange reactions similar with H20.
However, commercially available H202 sources
typically have a high concentration of H20, making it
challenging to distinguish the effects of H202 from
those of H20 [3]. Therefore, to avoid the influence of
H20, high-purity anhydrous H202 was adopted to
better understand the growth mechanism, HfO2/TiN
interface formation, and film properties.

HfO2 was thermally deposited via ALD on a TiN
substrate using TDMA-Hf and oxidants at 250 °C. A

half-cycle study was performed to acquire differential
Fourier transform infrared spectroscopy spectra,
providing insights into the growth mechanism with
different oxidants. These differential spectra
revealed the generation and removal of reaction
sites through ligand exchange reactions between the
oxidants and TDMA-Hf. Hydroxyl ligand exchange
reactions were observed for H20, formate reaction
sites were generated for Os, and interestingly, both
hydroxyl and formate reaction sites were present for
H202, potentially leading to the formation of a denser
film. Furthermore, all oxidants exhibited a similar
amount of residual hydroxyl and almost no carbon
residue. Notably, while H20 and H20: did not
experience further Ti-O bonding formation after initial
interface formation, Os exhibited continuous Ti-O
bonding growth, indicating ongoing interface
formation during the ALD process.

These results highlight the superior properties of
H202, which generates a minimal HfO2/TiN interface
and denser films, positioning it as an ideal candidate
for oxide ALD applications. Moreover, these
properties offer significant advantages for scaling
down ferroelectric HZO devices to the sub-5 nm
regime compared to other oxidants. Further
discussion regarding the growth mechanism, oxide
growth, and interface formation will be presented in
subsequent sections.
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Dopant Control of Ultra-short Channel Gate-All-Around FET
for Reliable Threshold Voltage

Rock-Hyun Baek!, Jinsu Jeong'
"Pohang University of Science and Technology (POSTECH), Electrical Engineering,
77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk, 37673, Republic of Korea

. SUMMARY

In this study, threshold voltage (Vi) variations
caused by undesired Ge and C diffusion into Si
channel were investigated in gate-all-around (GAA)
nanosheet (NS) FET. Ge and C in the p/n-type
source/drain (S/D) epitaxy diffuse laterally into
channels. The diffused Ge and C vary channel
stress and energy barrier, causing Vi variations
accordingly. On the other hand, Ge also can be
diffused into Si channel vertically by intermixing of
Si/SiGe epitaxy stacks. The study is expected to
provide comprehensive insight to control Ge and C
caused Vi variations, which is the critical issue in
state-of-the-art logic semiconductor devices.

Il. INTRODUCTION

Ultra-nanoscale semiconductor devices are very
sensitive to tiny process Vvariations causing
significant performance variations. Among them, Vi
variations are critical problems due to limitation of
CMOS supply-voltage scaling. Recently, most
studies on process variations of GAAFETs have
focused on geometrical variations [1, 2]. However,
Ge and C diffusion induced performance variations
have not been studied enough although SiGe and
SiC are used as S/D in p/nFETSs, respectively. Ge
and C in S/D diffused into Si channel laterally
during thermal process. Furthermore, Ge also can
be diffused into Si channel vertically as Si/SiGe
epitaxies are stacked. Here, Si and SiGe are
inevitably intermixed at their interfaces. As a result,
undesired Ge and C diffusion into Si channel
causes critical variations of electrical characteristics.

lll. RESULTS and DISCUSSION

Schematic and geometric parameters of NSFETs
are shown in Fig. 1 and Table 1, respectively. Fig.
2a shows the transfer curves of NSFETs with
various Ge and C mole fraction of S/D. Vi of pFETs
(Vinp) increases as the Ge mole fraction of S/D (Mae)
increases from 0.3 to 0.5, but decreases when the
Mge is higher than 0.5. Increased Mge enhances
compressive channel stress and Ge diffusion into Si

channels. Both retard boron diffusion into channels,
and increase Vinp. As Mge> 0.5, Ev of SiGe S/D is
much higher than that of Si channels. It decreases
energy barrier height (Evar) between the source and
channel, resulting in Vinp decrease.

On the other hand, Vi of nFETs (Vin)
consistently increases as the C mole fraction of S/D
(Mc) increases. C atom generally retard phosphorus
diffusion, so phosphorus concentration in channels
reduces with the high Mc.

Fig. 2b shows transfer curves of NSFETs for
different Si/SiGe intermixing. As the Si/SiGe
intermixing becomes more severe, Ge inevitably
diffuses deeply into channels, and then °‘Si’
channels gradually become ‘SiGe-like’ channels.
SiGe have higher Ev and Ec than Si which means
that NSFETs with SiGe-like channel have lower and
higher Evar in p/nFET, respectively. As a result, Vinp
decreases and Vwun increases as the Si/SiGe
intermixing becomes severe.

Table 1: Geometry of NSFETs

Parameters Value [nm]
Contact poly pitch 40
Sheet pitch 56
Gate length 12
NS thickness 5
NS width 40

Figure 1: 3D Schematic of NSFETSs.
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Figure 2: Transfer curves of NSFETs (a) with Mge and
Mc, and (b) with three Si/SiGe intermixing types.
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New Device Applications of llI-Nitride Wide-Bandgap Semiconductors:
Beyond Power Electronics and Visible/UV Photonics

Jae-Hyun Ryou'
"University of Houston

. INTRODUCTION

Group-lll-nitride  (IlI-N) semiconductor materials
have been developed for high-power high-voltage
electronics and UV/visible photonics thanks to their
wide-bandgap energy and high dielectric strength.
However, they possess other excellent properties for
new device applications. They are thermally stable,
chemically inert, mechanically hard, and radiation
hardened, which makes them inherently suitable for
extreme-environment applications. They are also
biocompatible for selected biomedical applications.
I1I-N materials have spontaneous and piezoelectric
polarization. Whereas the piezoelectric coefficients
of IlI-N materials are not as high as those of lead
titanate zirconate (Pb[ZmiTi1x]Os, PZT), the
electromechanical coupling factor and mechanical to
electrical energy conversion efficiency of single-
crystalline IlI-N materials are sufficiently high thanks
to their low dielectric constants. Finally, single-
crystalline 1lI-N thin films are mechanically flexible,
enabling applications in flexible electronics and
sensing. In this study, we present new device
applications based on the wide-bandgap IlI-N
materials utilizing the aforementioned excellent
properties.

Il. DEVICE APPLICATIONS

A. Mechanical Energy Harvesting

We develop IlI-N thin-film flexible piezoelectric
generator (F-PEG) that can generate an open-circuit
voltage of 50 V, a short-circuit current of 15 pA, and
a maximum power of 167 yW at a load resistance of

5 MQ. Applications of the IlI-N thin-film F-PEG are

demonstrated by directly powering electronics such
as light-emitting diodes and electric watches, and by
charging commercial capacitors and batteries to
operate an optical pulse sensor. The IlI-N thin-film F-
PEG shows good durability and a stable output after
being subjected to severe buckling tests of over
30,000 cycles.

B. Extreme-Environment Sensing

Extreme environments are often faced in energy,
transportation, aerospace, and defense applications
and pose a technical challenge in sensing. We
develop a piezoelectric sensor based on single-
crystalline AIN transducers with high sensitivities of
0.4-0.5 mV/psi up to 900 °C and output voltages
from 73.3 mV to 143.2 mV for input gas pressure
range of 50 to 200 psi at 800 °C. The operation of
the sensor at 900 °C is amongst the highest for
pressure sensors and the inherent properties of AIN
including chemical and thermal stability and radiation
resistance indicate this approach offers a new
solution for sensing in extreme environments.

C. Personal Healthcare Monitoring

(1) Pulse sensor: We develop piezoelectric pulse
sensors (PPSs) that can detect subtle skin surface
deformation caused by arterial pulses for
noninvasive continuous pulse waveform monitoring.
This biocompatible flexible PPS is sensitive enough
to detect pulse waveform with detailed characteristic
peaks from most arterial pulse sites when attached
to the skin surface without applying external
pressure. Useful physiological parameters such as
the pulse rate, artery augmentation index, and pulse
wave velocity can be drawn from the as-acquired
pulse waveforms.

(2) Eye-movement sensor: We also develop a highly
sensitive, non-invasive, and skin-attachable sensor
made of a stable flexible piezoelectric thin film to
overcome the limitations of current computer-vision-
based eye-tracking systems and piezoelectric strain
sensors. The sensor can detect abnormal eye
flickering and conditions caused by fatigue and
drowsiness, including overlong closure, hasty eye
blinking, and half-closed eyes. The abnormal eyeball
motions, which may be the sign of several brain-
related diseases, can also be measured, as the
sensor generates discernable output voltages from
the direction of eyeball movements.

lll. CONCLUSION

llI-N thin film materials offer new solutions in the
applications of energy harvesting, harsh-
environment sensing, and personal healthcare
systems.
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High resolution photolithography for OLED frontplane

Jeong-Hwan Lee
Department of Materials Science and Engineering, Inha University, South Korea

. SUMMARY

High-resolution OLED displays exceeding 2K pixels
per inch (ppi) exhibit significant appeal in the pursuit
of next-generation AR/VR displays. Among the
prospective solutions to surpass the limitations of
the prevailing sheet mask-based evaporation
system, photolithographic patterning stands as a
prominent contender. Here, we present a
compelling lithography technique capable of
achieving pixel arrays smaller than 10 ym each,
thus showcasing a noteworthy advancement.

ll. Results and Discussion

The polymer composed of 1H, 1H, 2H, 2H-
perfluorooctyl methacrylate (FOMA), spiropyranyl
methacrylate (SPMA), and isononyl methacrylate
(IBMA), referred to as FSI, demonstrates excellent
solubility in the fluorous solvent HFE-7500. It serves
as a highly fluorinated photoresist suitable for
application in the photo-patterning process of
organic semiconductors for realizing high-resolution
displays. However, a critical issue arises during the
dry etching process for transferring the photoresist
pattern, as it causes damage to the underlying
organic film. This problem is attributed to the
relatively low remaining thickness and etch
resistance of the photoresist.

To address this challenge, we investigated the
incorporation of BMOMA as a co-monomer in FSI
(referred to as FSIB) to enhance the dissolution
contrast. Although the sensitivity to 365 nm UV light
improved, no significant enhancement in remaining
thickness was observed. As an alternative
approach, we used FSIBT by introducing TRIS,
which facilitates the formation of SiO, under O
plasma conditions and thereby improves the etch
resistance. FSIBT exhibited excellent solubility in
HFE-7500, superior patterning characteristics, and
significantly enhanced etch resistance under O;
plasma conditions. These benefits were also
observed under alternative etching conditions, such
as 0o/CF4 plasma.

To assess the utility of the developed material,
FSIBT polymers were employed to structure the
upper layer of the Electron-Transport Layer (ETL)
film comprising organic semiconductors.
Subsequently, OLED pixel patterning was
conducted using this material. The resulting OLED
devices displayed minimal damage when compared
to reference devices with full evaporation process.
Furthermore, they exhibited vivid OLED emission
images with less than 10 um patterned size,
confirming the effectiveness and viability of the
proposed lithographic  materials for future
micro/nano-patterning applications involving various
organic materials.

We anticipate that the imaging materials
presented in this study will find extensive practical
applications in the implementation of micro/nano-
patterning techniques for a wide range of organic
materials.
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Figure 1: Photolithography process for high
resolution OLED displays. The emission image from
10 um patterned pixels under electrical excitation.
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Vapor-Phase Infiltration for Microelectronics Applications

Chang-Yong Nam'

'Center for Functional Nanomaterials, Brookhaven National Laboratory, Upton, NY 11973

Vapor-phase infiltration (VPI) is a material
hybridization technique derived from atomic layer
deposition (ALD), where “soft” substrates, such as
polymer thin films, are infused with inorganic
materials in a molecular scale via cyclic exposure of
gaseous organometallic precursors and co-
reactants. The infusion process is realized by the
diffusion of reactants into the organic matrix and
subsequent reaction with available reactive
moieties. In this talk, | will showcase our efforts on
utilizing VPI for two representative microelectronics
applications: (a) synthesis of organic-inorganic
hybrid extreme ultraviolet (EUV) photoresists that
are essential for high-volume manufacturing of
extremely downscaled, next-generation logic and
memory devices [1]; and (b) hybrid memristors for
brain-inspired  neuromorphic  computing  with
reduced stochastic variation in  switching
parameters.[2]
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Charge Transfer Across the Interfaces in Organic Field-Effect Transistors
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ABSTRACT

Recent progress in understanding charge carrier
transport in organic semiconductors has been
greatly facilitated by advances in organic field-effect
transistors (OFETS), including synthesizing several
high-performance organic semiconductors, and
developing device fabrication methods and novel
optoelectrical measurement techniques. Smart
Carbon  Electronics Group is  conducting
fundamental research centered on unit devices to
realize the dream of commercializing organic
electronics. In this poster, we focus on charge
transfer across the interface between organic
semiconductors and gate dielectric in OFETs. First,
we discuss the bias-stress effect, which is attributed
to the migration and localization of charge carriers
into the gate dielectric. In particular, this transfer
can be nonlinearly boosted by the coupling of
localized states.[1] Next, we discuss the transfer of
positive and negative charges across the interface
between the organic semiconductor and polymer
insulator, which can be significantly propagated by
photo illumination, the so-called photoinduced bias-
stress effect. The direction of the transverse electric
field at the interface determines the sign of the
transferred charge, and the field magnitude, light
intensity, and absorption coefficient control the
transfer rate. We also demonstrate that a
photoinduced charge transfer can record rewritable
accumulation channels with an optically defined
geometry and resolution.[2]
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Free-Standing Li4Ti5012/Carbon Nanotube Electrodes for Flexible
Lithium-lon Batteries
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un Nam?® , Yeon-Ju Ryu® and Jung-Pil Noh"
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I. Abstract

Lithium-ion batteries (LIBs) have been used in many
fields, such as consumer electronics and automotive
and grid storage, and its applications continue to
expand. Several studies have attempted to improve
the performance of LIBs. In particular, the use of
high-capacity silicon and tin as anodes has been
widely studied. Although anodes composed of
silicone and tin have high theoretical capacities, poor
electrical conductivity and considerable volume
expansion of such anodes deteriorate the LIB
performance. Thus, LisTisO12 (LTO), a zero-strain
material, has attracted much attention with high cycle
stability and rate capability through improved
electrical conductivity. However, LTO has the
disadvantages of a low electrical conductivity (1078 to
10 S cm™ ) and moderate Li+ ion diffusion
coefficient (1070 to 107" cm2 s™' ). In this study, the
flexible and free-standing composite films were
fabricated using only LTO and multi-walled carbon
nanotube(CNT) with high electrical conductivity and
ion diffusivity. The prepared LTO/CNT films showed
a higher charge/discharge capacity than the
theoretical capacity of the LTO electrode.

Figure 1: Image of the LTO_CNT film
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The Effects of in-situ Atomic Layer Annealing on Thermal Atomic Layer
Deposited Silicon Nitride

Si-Un Song'?2, Dan N. Le', Su Min Hwang', Jin-Hyun Kim', Rino choi? and
Jiyoung Kim'

"The University of Texas at Dallas, Richardson, TX, USA.
2Inha University, Incheon, Republic of Korea

We demonstrated the deposition of thermal atomic
layer deposition (t-ALD) SiNx over a wide range of
deposition temperatures using anhydrous hydrazine
(N2Ha4) as the nitrogen precursor in 2021. Within the
temperature range of 390-520°C, the GPC (growth
per cycle) is approximately 0.049+0.003 nm/cycle,
which is higher than SiNx films grown by ammonia
(NHs). Furthermore, refractive index (R.l.) of SiNx
with hydrazine increases (as high as 1.99) with
increase of deposition temperature. Wet etch rate
(WER) values are 2.24+0.02 nm/ min for hydrazine,
which is still undesirable values, while 7.48+2.6 nm/
min for NHs.

Herein, we studied the effect of the in-situ atomic
layer annealing (ALA) process utilizing Ar plasma
on thermal ALD silicon nitride (SiNx) thin films. SiNx
with  in-situ plasma cycles were carefully
investigated and compared to the thermal ALD in
aspect of the growth characteristics, wet-etch rate
(WER), bonding information, and conformality over
different aspect ratio (AR).

When the in-situ plasma treatment was introduced
in the thermal ALD process, the growth rate of SiNx
was reduced by ~45% compared to the standard
process. Despite the decrease in growth rate, the
addition of in-situ plasma treatment resulted in
notable enhancements in the deposited SiNx thin
film properties, such as improved reflective index
(RI), lower wet etch rate (WER) and increase in film
density. Introduction of ALD/ALA process in deposit
SiNx films decreased WER from 12.9 nm/min to
0.69 nm/min (evaluated in diluted HF 200:1).

Ex-situ FTIR was employed to further investigate
the effects of in-situ atomic layer annealing on
embedded —NHx (x=1,2) bonds within the additional
plasma cycles showed a slightly lower —NHx bond
density. Furthermore, the conformality of ALD/ALA
SiNx thin films was also evaluated using ~6:1 AR
trench structures. The TEM cross-sectional images

showed >80% conformality of SiNx thin film could
be achieved when incorporating the in-situ plasma
treatment into the ALD process.
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Figure 1: (a) GPC, (b) RI, (c), WER, and (d) density
as a function of the deposition temperature of
thermal ALD (red), ALD/ALA 10:1 ratio (blue), and
ALD/ALA 1:1 ratio (green) of SiNx thin films. The
WER was evaluated in a diluted 200:1 HF solution.
The LP-CVD SiNx sample was prepared using
SiH2Cl2 and NH3 at 730°C.
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Analysis of Separation Behavior of Polyamide Structure-Based RO
membrane Using Multi-scale Simulation
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. SUMMARY

The desalination process using membrane has
been gaining significant attention as a promising
technology that can address the global water scarcity
issue. Reverse osmosis, which is a widely used
membrane desalination process, have substantial
industrial potential due to their ability to convert
abundant seawater into fresh water. To enhance the
performance, a fundamental understanding of the
reverse osmosis mechanism at atomic and
molecular level within the membrane's active layer is
crucial. In this study, we theoretically investigated the
physical permeation behavior of water molecules
and ionic substances within the active layer of the
membrane using molecular dynamics simulation.

Il. Experimental

2.1. Molecular structure modeling

The molecular structure was modeled using the
Materials Studio 2023 program. Based on the
polymerization of m-phenylenediamine (MPD) and
trimesoyl chloride (TMC) molecules, a polyamide
structure was computationally modeled. Using the
computationally modeled polyamide structure, the
active layer was constructed.

2.2 Simulation

Monte Carlo (MC) calculation was used to
determine the thermodynamically stable positions of
NaCl ions and water molecules absorbed within the
polyamide active layer. The structure system
obtained from MC calculations was then utilized for
molecular dynamics (MD) simulations. Subsequently,
radial distribution function (RDF) analysis was
conducted to investigate the adsorption structure
between NaCl ions/water molecules and the
polyamide active layer. The coordination number of
the adsorption structure was analyzed through RDF
analysis. Additionally, Density Functional Theory
(DFT) calculation was employed to analyze the
adsorption energies of Na*, Cl, and water molecules
on the functional groups of the polyamide.

lll. Results

The reverse osmosis exhibited by NaCl and water
molecules in the polyamide active layer was

investigated using MD simulations and DFT
calculations, demonstrating the contribution of the
physical adsorption ability between the polyamide
functional groups and NaCl ions. The electron
density and adsorption energy analysis using DFT
calculations showed that the physical adsorption of
NaCl is driven by electrostatic interactions rather
than van der Waals interactions. Overall, the
multiscale simulation employing MC calculations,
MD simulations, and DFT calculations elucidated the
atomic/molecular level permeation of water
molecules and NaCl ions in the polyamide active
layer, and derived conditions for enhancing the
separation of NaCl ions.
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Figure 1. Computerized modeling of membrane
active layer based on polyamide structure and
adsorption energy of molecules.
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Optimal Print Parameter Prediction By Neural Networks For

Laser Powder Bed Fusion Additive Manufacturing
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. SUMMARY

A neural network model was developed to
determine optimal print parameter windows for
novel or previously unprinted aluminum alloys.
CALPHAD, ICME, and open-source tools in
conjunction with in-house laser powder bed fusion
datasets were employed for model creation, testing,
and validation.

Il. INTRODUCTION
Additive manufacturing by laser powder bed fusion

has allowed for increased flexibility in terms of
geometric design. However, the print parameters
specified to achieve nearly fully dense, net-shaped
parts for a given aluminum alloy remain a challenge
to determine due to the time and costs associated
with performing parametric optimization studies for
each material. By way of CALPHAD and ICME tools
coupled with Keras neural networks, a link between
high-level printer parameters, material-specific
thermophysical properties, and resultant relative
densities can be established. This link can be
harnessed to narrow the experimental printing
range thereby reducing development time and costs
during alloy design and testing. Additionally, the
model can also be used for existing aluminum
alloys that have not been previously processed by
laser powder bed fusion.

lll. RESULTS

Feature analysis was performed, and good
predictability was found with the inclusion of
material liquidus temperature, latent heat, printer
power, and laser scan speed. Figure 1 shows the
predicted relative density values for an Al-8wt%Ce-
10wt%Mg alloy processed by laser powder bed
fusion and printed at 350W over a range of scan
speeds with constant hatch spacing and slice
thickness [1]. Predictions are in good agreement
with experimental values. The shaded region
highlights the standard deviations of the determined
relative densities of which the predictions mostly fall
within.

Al-8Ce-10Mg Predictions: 350W
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Figure 1. Predicted relative densities for Al-8Ce-
10Mg processed by laser powder bed fusion at
350w [1].
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Enhanced ferroelectric polarization of Hfy sZr, 50, thin films through fast
ramp-up annealing process

Seongbin Park', Jong Mook Kang', Hye Ryeon Park’, Seojun Lee?, Jin-Hyun Kim?,
Jiyoung Kim?', and Si Joon Kim"’
! Kangwon National University, Chuncheon, Gangwon-do 24341, Republic of Korea
’The University of Texas at Dallas, Richardson, Texas 75080, USA
E-mail: jiyoung.kim@utdallas.edu and sijoon.kim@kangwon.ac.kr

SUMMARY

In this study, we investigated the ferroelectric
properties of atomic layer deposited Hfys5Zr550,
(HZO) thin films with various ramp-up annealing
times (1 h, 2 h, and 4 h) at 400°C in N, ambient. To
simultaneously extract the ferroelectric switching
polarization and dielectric constant of HZO-based
capacitors, the pulse write/read measurements
were used. As a result, the fast ramp-up annealing
process has a significant impact on improving the
ferroelectric properties.

Keywords: Ferroelectric film, HfysZry50,, atomic
layer deposition, ramp-up rate

. INTRODUCTION

The ferroelectric HfysZrqs0, (HZO) is one of the
most promising materials for next-generation
memory applications. Previous studies have been
reported that the formation of an orthorhombic
phase (o-phase) is necessary to obtain ferroelectric
properties in HZO thin films [1]. As a crystallization
method, a rapid thermal annealing (RTA) process at
400°C or higher has been generally used [1]. In
addition, it has been reported that the ramp-up rate
of the RTA process affects the formation of the
monoclinic phase (m-phase) [2]. However, in this
RTA process, it is not easy to analyze the effect of
ramp-up rate conditions. Therefore, in this study,
the ferroelectric properties of HZO thin films
according to various ramp-up annealing times (1-4
h) at 400°C were investigated using a furnace.

Il. RESULTS AND DISCSUSSION

The ferroelectric switching polarization (Psw) and
the dielectric constant were obtained from the pulse
write/read measurements. Detailed measurement
methods can be found in our previous study [3]. As
the ramp-up rate slows, the Psy and dielectric
constant of HZO thin films tends to decrease as
shown in Fig. 1. This is associated with the
undesired formation of the m-phase. Therefore, the

(a) Polarization (b) Dielectric constant
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Figure 1: (a) Psw and (b) dielectric constant
extracted using pulse write/read measurements.

fast ramping up to 400°C in the annealing proess
can be a useful strategy to improve the ferroelectric
properties of HZO thin films.
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Forming Voltage-Free Memristive Hafnium Oxide Devices for
Non-Polar Switching Applications
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Resistive memory devices, known as memristors,
have been attracted the interests to be a future
memory application. Among memristor devices,
resistive random-access memory (ReRAM) has
been widely studied with its high on/off current ratio
and suitability for compute-in-memory applications.
However, traditional ReRAM based on a filamentary
switching mechanism suffers from reliability issues
caused by the electrochemical formation of
filaments. Overcoming this challenge is critical for
achieving advanced memory behavior'. In this
regard, C. A. Paz de Araujo et al. reported the
universal non-polar switching behavior in carbon-
doped transition metal oxide (TMO) films deposited
using spin-on fabrication, in which reliable operation
and immunity from forming voltage were observed?.
In this study, we demonstrate the forming voltage-
free memristive devices using hafnium oxide (HfOx)
through the conventional low-temperature atomic
layer deposition (ALD) techniques. This approach
offers high compatibility with 3D structures and the
back-end-of-line (BEOL) process. For the ALD
process, tetrakis(dimethylamino) Hf (TDMA-Hf) and
carbonated hydroperoxide (H202) were utilized as
the Hf and oxygen precursors, respectively. To
activate the conductive carbon bond states from
hydrocarbon, a rapid thermal annealing process
was carried out at 450°C for 1min. By adopting the
carbon composited HfOx films, the switching and
memory behaviors were observed without a high
forming voltage.

It is noted that the initial reset operation of the
demonstrated devices differs from the traditional
ReRAM forming process in terms of the magnitude
of the switching voltage and current levels. Despite
the high resistance states are quite low due to the
carbon composition, reliable set and reset voltages
are observed at approximately ~1.6V and 0.6V,
respectively, with consistent high- and low-
resistance states (HRS and LRS) in cycle-to-cycle

variation. In addition, the carbon-composited HfOx
devices exhibit intriguing non-polar switching
behavior, allowing for programmable transition
between HRS and LRS regardless the polarities of
the operation voltage. This characteristic enables
the devices to operate in both unipolar and bipolar
behavior, making them highly compatible for future
circuit applications.
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Figure 1. Current density-voltage (J-V) curves of the

HfO2 devices (a) without (b) with annealing process
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. SUMMARY

Advances in additive manufacturing (AM) hold
considerable promise in the fabrication and
implementation of refractory-based components via
near-net-shape processing, but manufacturing
refractories with laser-based techniques is not
without its challenges. Moreover, the
characterization of refractory high temperature
properties is rare, much less for those made via AM.
Here, we investigate the structure-property
relationships for laser-powder bed fusion of tantalum
characterized at elevated temperatures. Process
optimization studies for AM tantalum [1], conducted
at the Johns Hopkins University Applied Physics
Laboratory (JHU/APL), led to the determination of
optimized laser parameters which were used to
fabricate tensile specimens. The elevated
temperature mechanical properties showed the
typical body-centered cubic behavior of decreasing
yield strength with increasing temperature. However,
an anomalous strain hardening behavior was
observed at 400°C, resulting in a ~9% increase in the
tensile strength compared to ambient, while a
dramatic increase in ductility was observed at
1000°C. Both unusual behaviors are highlighted in
Figure 1. Detailed electron microscopy is underway
to understand the non-uniform and highly anisotropic
AM microstructure impact on mechanical properties.
While higher temperature (>1000°C) tensile testing
is the ultimate goal for refractories, oxidation remains
a considerable concern. Thus, ongoing efforts are
focused on testing refractories using an ultrahigh
vacuum (~107 Torr) environment that is capable of
tension testing at temperatures exceeding 2000°C.

Il. FIGURE AND TABLE
Mechanical properties, e.g., ultimate tensile strength
(UTS) and yield strength (YS) are reported in MPa,

Young’s modulus (E) in GPa, and elongation (EL) in %

strain. These values are included in Table 1.
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Figure 1: Stress-strain curves for AM tantalum as a
function of temperature.

Table 1: Mechanical properties of AM tantalum.

T(C) | 23 | 200 | 400 | 600 | 800 | 1000
UTS | 445 | 383 | 484 | 308 | 204 | 148
(MPa) | 14 | +14 | +11| +4 | 6 | +3
YS | 396 | 349 | 331 | 266 | 196 | 141
(MPa) | 17 | £27 | +22 | +3 | £10 | +4
E | 202 | 165 | 173 | 147 | 97 | 122
(GPa) | +5 | +8 | +3 | 4 | +9 | +39
EL | 21 | 14 [ 21 | 9 | 7 | 23

(%) | 1.1 | +1.0 | +0.6 | +0.4 | 20.9 | £0.9
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Introduction

Magnetic shielding is often required for electronic
components operating in a magnetic field.
Magnetic shielding ability is dependent on alloy
composition and shielding component geometry.
The inherent capability of additive manufacturing
to print complex, near net shaped components
makes it an obvious choice for manufacturing
shielding components. Due to limited availability
and cost of magnetic shielding alloy powders,
initial printability of these alloys was determined
by single laser tracks on bulk material.
Experimental Method

Samples of magnetic shielding alloys were
sectioned and polished using standard
metallographic techniques. A list of tested alloys is
presented in Table 1. Samples were then loaded
into an SLM 125HL with the top surface of the
sample level with the floor of the build chamber.
Samples were then exposed to single laser scans.
Each melt track was formed from a unique set of
laser power and laser scan speed according to an
orthogonal text matrix. Melt tracks were analyzed
using optical microscopy and ImageJ.

Results and Discussion

Laser melt tracks were characterized by the
features observed from the top view and cross-
section. Typically observed features are
summarized in Figure 1. For one alloy (AISI 1018)
tested at constant laser power (200W), melt pool
depth followed a power-law decay with increase in
scan speed. Melt pool depth decreased from
725pm at 200mm/s to 54um at 2600mm/s.

For each alloy three regimes were
identified from the observed features. An
excessive energy regime characterized by
solidification cracks and keyhole pores. An
insufficient energy regime characterized by
unstable melt pools and insufficient melting. An
optimal regime or printable window was identified
from the sets of parameters that produced
samples with stable melt pools, sufficient melting,
and a lack of detrimental features.

Conclusion

The single-track study revealed a significantly
wide printable window for 4140, 1018, Alloy 50,
Alloy 79, and MuMetal.

Future work will be performed to;
establish trends between laser power/laser scan
speed and melt pool geometry, to quantify track
instability using Plateau-Rayleigh analysis, and to
quantify the laser-material interaction in terms of
laser absorption and solidification phenomenon’.

Figure 1: Typically observed detrimental features;
solidification cracking (a, d), hairline cracks (b),
spattering (c), balling (e), cratering (f).

Table 1: Alloys tested.

Alloy Composition (wt. %)

1018 0.2%C-0.4%5Si-0.9%Mn-Fe(Bal.)

4140 0.43%C-0.35%Si-1.0Mn-1.1Cr-0.25Mo-Fe(Bal.)
Pure Fe (Core Iron) 99.9% Pure

Alloy 79 (Supermalloy) 79%Ni-16%Fe-5%Mo

Alloy 50 (Hypernik) 50%Ni-50%Fe

MuMetal 77%Ni-14%Fe-5%Cu-4%Mo

Pure Ni 99.0% Pure
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Development and evaluation of diaphragm membrane for alkaline water
electrolysis

Sang Yong Nam'*, Kwang Seop Im', Seong Min Han'
' Department of Materials Engineering and Convergence Technology, Green Energy Convergence Research
Institute, Gyeongsang National University Jinju, 52828, Republic of Korea

. SUMMARY

Alkaline water electrolysis has mainly used asbestos
as a diaphragm, but as the use of asbestos is
harmful to the human health, it is necessary to
develop a new diaphragm. This study focused on the
fabrication of diaphragm membranes using BaTiOs
and ZrO2. The performance is then evaluated and
the difference was compared to determine their
effectiveness.

Il. Experimental

2.1. Material: ZrOz(Nanostructured & Amorphous
Materials, Inc., USA), BaTiOs (SIGMA ALDRICH),
PPS Felt(bowoo, South Korea), N-Methyl-2-
pyrrolidone (NMP, SAMCHUN PURE CHEMICAL,
98.0%), Polysulfone (PSf, BASF, Korea)

2.1. Fabrication of diaphragm membrane

A diaphragm membrane was prepared by dissolving
18 wt% of PSf in NMP at 60°C to obtain a polymer
solution. BaTiOs and ZrO2 were added at 82 wt% and
85wt%, respectively, to prepare slurry solutions. The
thickness of the PPS felt was adjusted by hot
pressing under various temperature and time
conditions. The slurry was then cast onto a PPS felt
using the NIPS (non-solvent induced phase
separation) method to produce the diaphragm
membrane.

2.2. Characterization

The fabricated diaphragm membrane was evaluated
for its permeability with KOH solution as well as the
porosity. Subsequently, an alkaline resistance test
was conducted using a 30% KOH solution. Finally,
an IV test was performed to compare the cell
performance of alkaline water electrolysis.

lll. Results
The result showed that the diaphragm membrane
with BaTiOs and PPS felt which was compressed at

a temperature of 150°C and a pressure of 5 tons had

a thickness of 302.56 ym and a porosity of 61.7%. It

demonstrated the most outstanding performance
with a current density of 0.2 A/cm? at a voltage of
2.72 V in the cell test.

2000
N

B . woo

Figure 1: Voltage relation diagram according to
thickness and porosity (at 2.0 current density)
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Manufacturing of Inconel 718 with Enhanced Boron Composition via Se-
lective Laser Melting

Jeongwoo Lee1, Hernan Aparicio1, Jianzhi Li'
"University of Texas Rio Grande Valley

I. INTRODUCTION

The growing interest in renewable energy led re-
searchers to focus on solar energy harvesting.
Among three types of solar energy harvesting meth-
ods (photovoltaics, solar heating & cooling, and con-
centrated solar power (CSP)), CSP is considered the
most efficient way since it uses molten salt with a
high working temperature (550 °C - 720 °C). But
such a high temperature creates an extreme working
condition (i.e., daily heating and cooling) that applies
a cyclic thermal load on the solar absorber tube con-
taining the molten salt. Moreover, molten salt be-
comes highly corrosive at high temperatures which
reduces the lifespan of the containing material.
Therefore, there is a high demand for functional ma-
terials for solar absorber tubes in the CSP system.

Inconel 718 is a suitable material for solar ab-
sorber tube applications because of its high working
temperature (500 °C) and high corrosion resistance.
Also, Inconel 718, which is a high-nickel alloy, exhib-
its lower thermal cycle fatigue compared to austenitic
stainless steel. However, Inconel 718 has a low ab-
sorptivity of ~50% which is far less than the optimal
absorptivity of a solar absorber tube, 90 %.

In this study, Inconel 718 was enhanced with bo-
ron (B) which exhibits a high absorptance in the vis-
ible and near-infrared spectrum. However, boron
composition in Inconel 718 should be carefully con-
trolled since a high boron composition (60 ppm — 110
ppm) was reported to create severe thermal cracks
and lowers low-cycle fatigue (LCF) lifetime. The
maximum limit of boron composition in commercial
Inconel 718 is 60 ppm. By utilizing an additive man-
ufacturing technique, selective laser melting (SLM),
the boron composition of Inconel 718 was enhanced
to 110 ppm, and its mechanical and microstructural
properties were analyzed.

Il. RESULTS AND DISCUSSIONS

In addition to the target composition (B: 110
ppm), an extreme composition (B: 10,000 ppm) was
designed as a comparison. The SLM-printed sam-
ples with different boron compositions are shown in
Figure 1 (a). The SLM-printed Inconel 718 sample

with a high boron composition (B: 110 ppm) was de-
posited without visual cracks on the outer wall. On
the other hand, a severe crack was observed from
the SLM-printed Inconel 718 sample with an ex-
tremely high boron composition (B: 10,000 ppm). It
should be noted that the SLM technique successfully
manufactured Inconel 718 with a high boron compo-
sition while such a high boron composition was im-
possible for conventional manufacturing techniques
(e.g., vacuum induction melting, vacuum arc remelt-
ing). The SEM image (Figure 1 (b)) showed that lay-
ers were deposited without defects (i.e., cracks and
pores). The microhardness of the SLM-printed In-
conel 718 with elevated boron composition was
325.3 HV which is comparable to other SLM-printed
pure Inconel 718 samples (Figure 1 (c)).

Deposited samples

Figure 1 (a) SLM deposited samples with different
boron compositions (b) cross section SEM image of
B: 110 ppm sample (c) microhardness values of
SLM-printed Inconel samples

lll. CONCLUSION

The SLM technique successfully enhanced the
boron composition of Inconel 718 to 110 ppm without
microstructural defects and with acceptable mechan-
ical properties.
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Evaluation of Interfacial Property and Damage Sensing of Structural
Composites Using Electrical Resistance Method

Dong-Jun Kwon' Seong-Baek Yang', Sang Yong Nam"
' Department of Materials Science and Convergence Technology, Research Institute for Green Energy
Convergence Technology (RIGET), Gyeongsang National University

I. Introduction

In the composite material industries, “Smart Factory”
was also focused to improve manufacturing
efficiency [1]. The many publications have been
research for automatic manufacturing of composite
material parts using additional sensor to monitor
resin impregnation in reinforcement [2]. In these
monitoring methods, however, it was needed to
research on self-sensing to reduce additional cost
for monitoring of resin impregnation.

Il. Experimental

2.1 Material: T-700 grade CF tow (Toray Inc., Japan)
was used for reinforcement with different amounts
of sizing agent (50C and 60E type). It was used to
determine ER and CF behaviors of CF laminate in
impregnation of epoxy resin with different dropping
points of epoxy resin droplet. The plain weave
laminate of T-700 grade CF was used as the
composite reinforcement. Bisphenol-A epoxy (KFR-
121, Kukdo Chem., Korea) with amine hardener
(KFH-141, Kukdo Chem., Korea) was used for the
matrix.

2.2 Measurement of ER of CF in micro and sub-
micro scale: The ER behavior of CF was measured
with different CF arrays to determine ER behavior
with different dropping points of epoxy resin in more
detail. Single CF was gathered into CF tow, and
attached to slide glass with Scotch PP tape. To
imitate the case of epoxy being spread between CF
tow, the single CF and CF micro-tow, which was
manufactured using three CFs, were arranged to
the 1 mm of distance. In the case of epoxy being
spread on the CF tow, the micro-tow was used only.

lll. Results and Discussion

In figure 1, the ER of CFs shows with different
arrangements of CF and initial impregnation points
in micro scale. In the case of epoxy resin being
impregnated between CF tow, R1, the ER
decreased dynamically at initial times by decreasing
the contact ER between CF surface. As the
impregnation time elapsed, the ER of CFs
increased gradually by the impregnation of epoxy
resin into CFs. In the case of epoxy being
impregnated to the center on tow, R3, however, the

ER of CF tow, R3, increased gradually as the epoxy
was impregnated into CF tow. It could be predicted
that the contact areas among CFs were detached
by epoxy impregnation, and the whole ER of CF
tow increased by increasing the contact ER.
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4. Conclusions

In this paper, the resin flow of CFRP was tried to
observe using ER behavior and visualize using ER
mapping. To determine effect of the CF array on ER
behavior, the ER of CFs were measured, and the
CF array was observed with different initial
impregnation points of epoxy resin on micro and
sub-micro scale. Based on this data, the ER
behavior of CF laminate could be determined as the
epoxy resin was impregnated in the VARTM
process with different vacuum conditions. By using
this research, we are praying this research can be
contributed to automatize CFRP manufacturing
using VARTM process.
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Fabrication and Electrical Properties of Organic Ferroelectric Gate

Transistors

Shihyun Ahn', Min Gee Kim', Byung Eun Park’
"University of Seoul

SUMMARY

In this research, organic ferroelectric gate transistor
using paper was investigated. Although solution-
process was chosen for fabrication, the paper
substrate was not affected by solution. Compared to
the transistor on rigid substrate, there was not much
difference in electrical characteristics.

Keywords: Paper transistor, memory, ferroelectric

I. INTRODUCTION

For flexible and wearable devices, organic materials
are now widely investigated. Among the flexible
substrate, paper has many advantages including
printability, recyclability disposability and eco-friend
properties [1-3].

In this research, we fabricated ferroelectric gate
insulator using P(VDF-TrFE) gate insulator.

Il. EXPERIMENTAL PROCEDURE

Paper with thickness of 0.2 mm was prepared. At
the same time, SiO2/Si substrates were also
prepared. Al was deposited by thermal evaporation
on both substrates. P(VDF-TrFE) dissolved in
methyl ethyl ketone (MEK) of 4 wt% was spin-
coated. Then, annealing process was carried out at
140°C for 1 h. On the P(VDF-TrFE) layers, P3HT
channel layer was formed by spin-coating method.
After second annealing at 120°C for 1 h, Au S/D
electrodes were evaporated.

ILRESULTS AND DISCUSSION

Input characteristics of the transistors on paper and
rigid substrates were shown in Fig. 1. P-type
characteristics of P3HT channel layer is shown. Vg
was applied from 20 V to — 20 V. On both substrates,
there was not much difference. The obtained
memory window was around 16 V on both
substrates. Although the on-current is slightly higher
in case of the transistors on rigid substrates, on/off
ratio was almost same in both cases. It means that
paper is able to be used as a substrate of transistors,
even with solution-process.
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Figure 1: Input characteristics of the transistors on
rigid and paper substrates.
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Electrochemical Removal of Nitrate for Ammonia Synthesis and Water
Purification

Jeonghoon Lim'2, Bryan D. McCloskey'!, Seung Woo Lee?, Marta C. Hatzell?
'Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
2George W.Woodruff School of Mechanical Engineering, Georgia Institute of Technology, Atlanta Ga 30332

I. OVERVIEW & MOTIVATION

Understanding the complexities of nitrogen cycle is
critical because when the cycle is not in balance,
excess reduced and oxidized nitrogen compounds
could result in harmful impacts to life. Electrocatalytic
conversion of waste nitrate (NOs) to benign
dinitrogen (N2) and ammonia (NHs3) fuel is an
appealing strategy that may easily integrate with
renewable energy. The process does not require
chemical addition and thus requires operating costs
lower than thermal routes. Nearly all nitrogen-based
fertilizers rely on ammonia as a feedstock, and thus
the demand for this chemical is heavily dependent
on the global population and food demand. Over the
next three decades, the global population will
continue to dictate the market size and value for
ammonia, which consequently will have a significant
impact on our energy infrastructure.

Il. RESEARCH APPROACH

A. Material Synthesis

1. Diverse Pd shape-controlled nanoparticles

2. Controlled Cu surface coverage on Pd nanocubes
3. Atomically ordered structures between Cu and Pd

B. Catalyst Characterization

1. Morphology and element mapping for Pd structure
and Cu atoms existence by HRTEM/EDS.

2. Atomic and electronic structure changes in long-
term repeated tests by XANES/XAFS.

3. Electrochemical tests and electrolysis for
investigating kinetics and ammonia production yields
by quantification methods such as colorimetric
methods with UV-Vis.

lll. RESULTS & DISCUSSION

We successfully synthesized single crystalline facets
of Pd and Pd(111) facets could improve the kinetics
of the nitrate reactants and Pd(100) facets could
enhance the nitrite reduction that lead to a high
ammonia yield rate for Pd cuboctahedron. We also
introduced Cu secondary atoms onto Pd nanocubes

and atomically rearranged structures between Pd
and Cu. Both PdCu electrocatalysts exhibited
excellent nitrate removal efficiency and nitrogen
selectivity with outstanding stability. This work may
lead to the paradigm shift in the design of nitrate
removal catalysts and could be the candidates for
long-term real-life applications.

Figure 1: Pd cuboctahedron NPs, Cu deposited on
Pd nanocubes, Pd-Cu intermetallic structures
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The Effect of H-bonding Strength on the Water-responsiveness

of Bacillus subtilis Cell Walls using Hofmeister Salts
Seungri Kim'2, Xi Chen'+2
'Department of Chemical Engineering, The City College of New York, CUNY,
2Nanoscience Initiative, Advanced Science Research Center, CUNY

. SUMMARY
Water responsive (WR) materials provide
opportunities to propel the development of

technologies, including soft robotics and green
energy harvesting.! The cell wall of Bacillus (B.)
subtills is a promising WR material that displays a
record-high energy density (~72.6 MJ m-3),
surpassing conventional actuator materials and all
known muscles.? Elucidating the fundamentals of
WR performance of B. subtilis cell walls can suggest
design criteria for robust WR actuator materials for
energy harvesting. The effects of hydrogen bonding
on WR performance were investigated using
Hofmeister salts to understand the WR mechanisms
and to enhance the WR performance.?

Il. Investigating the role of H-bonding using
Hofmeister salts.

A. Role of H-bonding of nanoconfined liquid in WR
Our previous work highlighted the importance of
high-viscous nanoconfined water in determining
materials’ water-responsiveness, in particular for B.
subtilis cell walls® and high-performing peptide
crystals. We set out to investigate the effects of the
H-bonding network of nanoconfined liquids on
materials’ remarkable water-responsiveness, and
we also introduce a new, simpler way to tune and
improve WR actuation pressure and energy density.
In this work, we showed that B. subtilis cell walls’ WR
energy density can be dramatically increased to
101.8 MJ m-3, which is about 4 orders of magnitude
greater than that of human muscles and surpasses
those of all conventional actuator materials. We
conclude that the strength of the H-bonding network
dictates WR performance: the H-bonding network of
Kl-treated cell walls is too weak; cell walls treated by
high concentration K2SO4 solutions (> 10 mM) give
rise to the H-bonding network that is too strong, while
slightly enhanced H-bonding network by low
concentration K2SO4 solutions is favorable for WR
actuation. Our findings advance the contemporary
understanding of the role of nanoconfined liquids
played in materials’ WR behavior, and they also

provide insight into general mechanisms of high-
performance WR actuation.
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Figure 1: A certain range of H-bonding strength of
nanoconfined liquids leads to high-energy water-
responsive actuation of B. subtilis cell walls.
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Solvent-Free Synthesis and Modification of Membranes for Industrially
Relevant Gas Separations
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. SUMMARY

Metal-organic frameworks (MOFs), comprising over
several thousand distinct structures, have garnered
significant attention as the rapidly expanding
category of porous materials. MOFs generally
possess remarkable attributes, including extensive
porosity, substantial internal surface area, modular
structural characteristics, and facile
functionalization.!"!

This poster presentation will focus on various
solvent-less approaches developed and
demonstrated during my four-year postdoctoral
work.[>4 Such synthetic strategies are particularly
fascinating for thin film processing since they can
be integrated with solvent-free MOF deposition
methods.

As a start, | will introduce a reliable all-vapor-
phase processing method to fabricate membrane
materials composed of zeolitic imidazolate
frameworks (ZIFs), a subclass of MOFs, exhibiting
a stable and higher performance in the separation
of propylene over propane.

Next, diverse post-synthetic modification (PSM)
approaches, which can fine-tune and improve
membrane performance in industrially relevant gas
separation processes, including propylene/propane
separation, purification of hydrogen, and separation
of CO2, will be covered.

Vapor-phase and irradiation-based metal-
organic treatment, employed in this work, are facile
and practical approaches to tuning the gas
separation properties of as-prepared membranes.
Moreover, such methods have the potential to be
readily applicable to other porous membranes,
enabling them to exhibit modified membrane
performance for gas pair separations that are
crucial but were not achieved using conventional
materials modification strategies.
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Compositional Redistribution, Phase Transformation,
Microstructural Development in SS316L/IN625 Bimetallic Structure
Fabricated by Laser Powder Bed Fusion

Asif Mahmud?, Yongho Sohn'
'Department of Materials Science and Engineering
University of Central Florida, Orlando, FL, USA

. SUMMARY

This work reports on the phase constituents,
microstructure, nanoscale hardness variation and
elemental intermixing in SS316L/IN625 bimetallic
structure fabricated by laser powder bed fusion
(LPBF). Fully dense and crack free SS316L/IN625
bimetallic structures (cylinders with a diameter of 10
mm, height of 12 mm and support structure 4 mm)
were produced using a laser power of 200 W, laser
scan speed of 800 mm/s, hatch spacing of 0.12 mm
and slice thickness of 0.03 mm. The XRD pattern
revealed the dominant presence of austenitic (FCC)
Y phase. Cross-sectional microstructure near the
interface of the SS316L/IN625 bimetallic structure
consisted of typical cellular/columnar structure.
Intermixing of primary solvents, Ni and Fe was
observed for a distance of approximately 200 ym,
and their intermixing rate was estimated to be in the
order of 10 m?/s.

Il. LPBF of SS316L/IN625 Bimetallic Structures
Figure 1 presents the macro photographs of
SS316L/IN625 bimetallic structures fabricated using
in-house SLM 125H- (SLM Solutions Group AG,
Lubeck, Germany) system. The SLM 125Y- is
equipped with a continuous-wave (1070 nm
wavelength) 400-W Ytterbium IPG fiber laser with a
Gaussian spot size of ~ 70 ym and a maximum
build rate of 25 cm’h [1]. 15 Cylinders were
manufactured on top of an SS316L build plate.
Preheating of the build plate was set at 100 °C. The
build was performed in an inert Ar atmosphere
(ultra-high purity Ar) with an Oz content lower than
0.15 %.

lll. Experimental

X-ray diffraction (XRD) was carried out for
phase identification and preferred crystallographic
orientation  analysis using a  PANalytical
Empyrean™ diffractometer with Cu target Ka
radiation operating at 45 kV and 40 mA. A step size
of 0.03° and a counting duration of 90 seconds

were employed for a good resolution and statistical
significance.
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Figure 1: Macrophotograph of the fabricated
SS316L/IN625 bimetallic structures. The height and
diameter of the cylinders are 12 mm and 10 mm,

respectively.

Field emission scanning electron
microscope (FE-SEM, Zeiss Ultra-55™) equipped
with X-ray energy dispersive spectroscopy (XEDS)
was used to examine the surface morphology,
cross-sectional phase constituents and
microstructure of the interface cross section. A
minimum of three concentration profiles, across the
interface of SS316L/IN625 were obtained by point-
to-point acquisition to study the diffusion profile of
the materials and estimate the uncertainties in the
intermixing rate. XEDS data were converted to the
concentration of various constituent elements in
atom percent via standardless analysis.
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Enhancing the performance of tungsten-based alloys through additive
manufacturing

Hyeji Im, Wafa Houhamdi, Samuel Price, lan McCue
Northwestern University, 2220 Campus Drive, Evanston, IL 60208, USA

. SUMMARY

Additively manufactured W experiences large
thermal strain during cooling and passing through
its ductile-to-brittle transition. This leads to high
number of cracks of additively manufactured W.

We report on fully dense W-based alloys
fabricated by laser-powder bed fusion by alloying Ti
and Fe. We compared density, microstructure, and
mechanical properties of additively manufactured
pure W and W-based alloys. The addition of Ti and
Fe increased density and reduced formation of pore
and crack during additive manufacturing.

Il. EXPERIMENTAL

A. L-PBF

Pure W, W-Ti, and W-Ti-Fe were printed and
investigated this work. Spherical tungsten powder
(Global Tungsten Powders Corp) with the average
particle size of 30 um are shown in Fig. 1. W
powder was ball-milled for 4 h with Ti powder (-325
mesh, Thermo Fisher Scientific) or Fe powder (-325
mesh, Thermo Fisher Scientific) for fabrication of
W-Ti and W-Ti-Fe alloys. Ball-milled powder was
printed with Sisma Mysint 100 (Trumpf). It is
equipped with a fiber laser of 200W at a wavelength
of 1070 nm with a spot diameter of 55 um. Argon
was used as an inert gas during the printing
process with an oxygen level of 100 ppm. A
medium carbon steel (C45) substrate of a 34.5 mm
diameter was used.

B. Density measurement
Mass density was density measured using the
Archimedes principle.

lll. RESULTS

A. Density

A relative density of pure W higher than 92%. The
two highest volumetric energy densities (1667
J/Imm3 and 1905 J/mm3) produced samples with
high relative densities. An increase of energy
density to 1667 J/mm3 then to 1905 J/mm? leads to

lowering the relative density of the printed samples,
from 90% to 85% indicating that a higher quality of
printed samples can be achieved through a process
optimization. On the other hand, the W-Ti-Fe
reached relative densities higher than 98%. Pores
are still observed after alloying but their density
significantly decreased compared to pure W.

B. Microstructure

All pure W and W-based alloy samples have un-
melted W powders in microstructure because of
high melting point of W. More ductile and less crack
occurrence with alloying Ti and Fe to W presents
promising features to print more complex parts of
plasma fusing materials.

Judging from energy dispersive spectroscopy (EDS)
mapping results, Ti and Fe might be melted during
printed and fill up gaps between un-melted W
powders, improving the relative density of the W-Ti-
Fg_ alloys.

A ”_‘ \)‘. e b --v :- i o v“ ( , 1 3 4
Figure 1: SEM images of W powder (mounted in
epoxy).
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Cross-Point Array of Metal-Ferroelectric-Metal HfZrO, Capacitors
for Compute-in-Memory Applications

Minjong Lee"2, Heber Hernandez-Arriaga’, Jin-Hyun Kim', Rino Choi2, and Jiyoung Kim""
The University of Texas at Dallas, Richardson, TX, USA; 2Inha University, Incheon, South Korea

Significant progress in electronic technology has
leaded the development of high-density and low-
power applications, from traditional von-Neumann
computing architectures to intriguing compute-in-
memory (CIM) configurations. As the use of
ferroelectric (FE) materials for CIM application,
most research has focused on using FE field-effect-
transistor structure to achieve vector-matrix
multiplication (VMM) [1], whereas the metal-FE-
metal (MFM) structures is rarely studied. In this
study, we experimentally demonstrate 2x2 pattern
recognition system using a 4x2 cross-point array
configuration of HfZrO2 (HZO) MFM capacitors. For
the sample preparation, TiN/HZO/TIN stacked MFM
capacitors were fabricated by following our previous
work.[2] However, the finger shaped TiN top and
bottom electrodes (TEs and BEs) were fabricated
by the photolithography and Cl-based ICP metal
etching, and the 180 nm-thick TiN TEs were
deposited to reduce the parasitic resistance along
the TE lines.

Because of the polarization-change between up
and down states (Puw and Pdown), the HZO MFM
capacitors drive the binarized current readout
mechanism resulting from two types of charge
accumulation whether polarization is changed. To
read these accumulated charges, we employed the
series connection of low shunt resistor (Rshunt) to the
devices to measure electrical current signal. This
interesting binary memory behavior is also
investigated with the device-to-device variation. In
the 50x50 pym? sized HZO MFM capacitors, the
devices exhibit the excellent reproducibility within
the obvious separate states. It is worth that HZO
MFM capacitors can be regarded as polarization-
induced synaptic behavior, which is distinguishable

with conventional resistance or capacitance devices.

These binarized memory in HZO MFM capacitors is
extended from single-device operation to 4x2
cross-point array configuration. Figure 1 shows the
schematic and optical microscope image of 4x2
cross-point array of HZO MFM capacitors. For the
VMM operation, the number of Pdown States were
initially updated upon one to four devices for write
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Figure 1: (a) Schematic and optical microscope image of
4x2 cross-point array of HZO capacitors. (b) VMM operation
of P-V characteristics in the HZO capacitors with respect to
the number of Pgyoun states.

scheme. As a result, the devices enable excellent
VMM operations, eligible for CIM applications with
binary weights. Based on these characteristics, we
assessed a computation capability by experimental
demonstration of 2x2 pattern recognition method,
following the previous report.[3] Each cell of 2x2
pattern was assigned to TiN TE1—4, in which the
white (black) pattern is regarded as Pgown (Pup). The
tested patterns are all occurrences in 2x2 patterns
(total 16 patterns). As the pattern recognition results,
the current readout has the recognition accuracy of
81.3%, which is comparable results with the
previous report, thus highlighting the promise of the
simple MFM capacitors towards the neuromorphic
computing applications.
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High endurance of back-end-of-line compatible ferroelectric Hfo.5Zro502
thin films through low temperature annealing

Jongmug Kang', Seongbin Park', Hye Ryeon Park', Seojun Lee?, Jin-Hyun Kim?,
Jiyoung Kim?’, and Si Joon Kim'~
T Kangwon National University, Chuncheon, Gangwon-do 24341, Republic of Korea
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SUMMARY

In this study, we investigated the endurance
properties of atomic layer deposited Hfo.5Zro502
(HZO) thin films according to the annealing
temperatures. The annealing process of the HZO
thin film was performed at various temperatures
(300°C, 325°C, 350°C, and 400°C) in nitrogen
ambient using a furnace. As a result, the endurance
level was improved over 10° cycles as the
annealing temperature was lowered to 300°C.

Keywords: Ferroelectric film, Hfos5Zros02, atomic
layer deposition, endurance, low temperature

I. INTRODUCTION

The ferroelectric properties of Hfo.5Zro.s02 (HZO) are
emerging as a promising material for the
development of next-generation non-volatile
memory (e.g., ferroelectric random access memory
(FRAM)). FRAM has several advantages, such as
low-voltage operation, fast switching speed, and
CMOS integration [1]. However, in previous reports,
the endurance level of HZO thin films was still
limited to 107~108 cycles, making commercialization
difficult [2]. It has been reported that internal defects
in HZO thin films, such as oxygen vacancies
generated during ALD deposition and/or annealing
processes, affect endurance properties [3]. From
this point of view, this study aimed to improve
endurance properties by reducing internal defects
by lowering the crystallization temperature of HZO
thin films to 300°C.

Il. RESULTS AND DISCSUSSION

All HZO thin film-based capacitor devices annealed
at various temperatures were measured for
endurance properties by applying a switching
voltage of 2.5 V. As a result, it was confirmed that
the endurance level improved as the annealing
temperature decreased (see Fig. 1). Especially, the
HZO thin film annealed at 300°C achieved high
endurance properties over 10° cycles without
fatigue. This is associated with the formation of less
oxygen vacancies in the HZO thin film and/or the

50

& )

£ 40 e S

i S

L

g_ e '

=30t — e

§ |t

- e s ]

© e

N ——300T

G ——325T

S 10} |

S ——350T

@ 2.5V ——400T

0 -l ol ad. -l amd. -] ] - ol
10° 10" 102 10° 10* 10° 10° 10" 10® 10°

Cycle
Figure 1: Endurance results of HZO-based
capacitors annealed at various temperatures.

interface between the HZO and TiN electrodes as
the annealing temperature decreases.
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Computational Design and Analysis of Metal Halide Perovskites:
Toward Eco-friendly and Highly Stable Solar Cells

Sang Woo Park, Ki-Ha Hong
Department of Materials Science and Engineering, Hanbat National University

. SUMMARY

Metal Halide Perovskites (MHPs) have garnered
significant attention due to their distinctive material
properties and remarkable achievements in
photovoltaic performance. We have devised
theoretical and computational approaches to
investigate the fundamental characteristics of MHPs
and develop novel materials with reduced toxicity
and enhanced stability. This talk highlights the
exceptional attributes of MHPs uncovered through
our theoretical investigations and elucidates our
numerical design methodology, which combines ab

initio  thermodynamics and machine learning
techniques to identify promising lead-free
alternatives.

Il. INTRODUCTION

Toxicity and instability pose significant challenges to
the commercialization of Metal Halide Perovskites
(MHPs). To overcome these hurdles and develop
environmentally friendly and stable solar cell
materials, the exploration of new compounds and
compositional engineering strategies is imperative.
Among lead-free perovskite alternatives, tin-based
halide perovskites have exhibited the most
promising behaviors. However, despite this potential,
the power conversion efficiency (PCE) of Sn-based
solar cells still lags behind, with the best
performance remaining below 15%, whereas Pb-
based analogs have already achieved efficiencies of
26%. The thermodynamic and chemical stability of
Sn perovskites present bottlenecks to further
advancements in efficiency. In this study, we have
employed computational methods to investigate
engineering techniques aimed at addressing the
drawbacks of Sn perovskites. In addition to lead and
tin, we have explored various metal cations as
potential alternatives. To efficiently search for new
candidates, we have devised a high-throughput
computation and machine learning scheme capable
of exploring a vast number of artificial compounds.

lll. RESUTS and DISCUSSION

Controlling polymorphism is crucial for achieving
stability and efficiency in Sn-perovskite solar cells. In
our research, we have conducted investigations into
the impact of A- and X-site compositions, as well as
additives, on the phase transformation between the
black (y) and yellow (&) phases of CsSnls. Through
our theoretical methods, we have established a
compositional engineering window that effectively
prevents the undesired phase transformation from
the photoactive black phase to the photoinactive
yellow phase, while still maintaining a bandgap
below 1.5 eV.

Both tin and lead perovskites suffer from stability
issues, as they are prone to decomposition when
exposed to humidity and light irradiation. Tri-valent
metal halides exhibit improved stability, but their
efficiency remains negligible. To overcome these
limitations, we have employed high-throughput
screening and convolutional neural network
schemes to explore an extensive dataset of metal
halides and artificial compounds. Our
comprehensive analysis of this vast database has
revealed that vacancy-ordered tri-valent metal cation
halides exhibit the most promising behaviors,
providing new avenues for enhanced stability and
performance in perovskite solar cells.

lll. ILLUSTRATIONS
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Figure 1. High throughput screening procedure
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Effect of Carbon on The Microstructure and Mechanical Properties of
Carbon-bearing Steels in Laser Powder Bed Fusion

Thinh Huynh, Yongho Sohn

University of Central Florida

SUMMARY

Novel carbon-bearing steels were successfully
gas atomized and used as powder feedstock to
explore the feasibility of additively manufactured
carbon-bearing steels by LPBF. The effect of
carbon on the printability, microstructure, and
mechanical properties were examined in the as-
printed condition and findings are summarized as
follows:

The as-printed low carbon-bearing alloy
did not exhibit cracking at any investigated LPBF
parameters and density as high as 99.9% was
achieved. The as-printed  microstructure
exhibited some cellular dendrites with 97%
martensite and 3% austenite. The lack of cracks
and higher fractions of martensite found in the as-
printed condition resulted in higher tensile
properties compared to the high carbon-bearing
alloy.

The high carbon-bearing alloy exhibited
cracking at all LPBF parameters and densities
higher than 99% were achieved using 200 W and
800 mm/s or 350 W and 1400 mm/s. High cooling
rates resulted in an interconnected network of
cellular dendrites spanning across an austenitic
dominated matrix. The main alloying elements
such as Cr, Mo, V, and C were segregated along
the cellular boundaries potentially forming nano-
scale carbides. At low and moderate energy
densities, few lath martensites were found within
the prior austenite grains. High energy densities
specimens exhibited packets of martensite laths,
which correlated to a higher hardness.
Furthermore, the repeated heating cycles from
the layer-by-layer process produced varying
amounts of martensite across the sample height
when excessive energy density was used.

The present investigation demonstrated
that high carbon-bearing alloys can be sensitive
to the volumetric energy density and the extent of
in-situ solid-state phase transformation can occur
at sufficiently high volumetric energy density. A

high carbon concentration can result in an
austenitic microstructure and a low carbon
concentration can result in a martensitic
dominated microstructure under rapid
solidification. Grain size refinement through the
martensitic transformation may mitigate cracking.
By tailoring the carbon concentration, the
resulting as-printed microstructure can be fully
dense and crack free while offering flexibility in
secondary hardening appropriate for the desired

application.
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Figure 1: SEM micrographs of (a) low and (b) high
carbon bearing steels along with corresponding
EBSD maps containing (c) smaller grains and (d)
bigger grains.
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Electronic Transport in Pd-PdHx (0 < x < 0.7) Film
in Ambient Temperature.

Jong-Hee Park'23, Mary Newberg'
'Dept. Chem. COD, Glen Ellyn, IL 60435, 2DePaul University, Chicago, IL 60614,
3Argonne National Laboratory Argonne, IL 60439

. SUMMARY

This study has been investigated the electronic
transport behavior in the ambient temperature
(T = 20°C), hydrogen partial pressures,
0 < pH2 (atm) < 0.04 corresponding stoichiometry, Pd-
PdHx (0 < x < 0.7) which incorporated pure metallic
Pd, a-Pd, a + B mixture, and 3 phases in the Pd-H. A
palladium film deposited on the slide glass via sputter
deposition. Resistance was measured with the 4-
probe DC method. The electronic transport behavior
from the incorporations of hydrogen as, i) adsorption
of H2 molecule on the Pd surface decreased the
conductivity, ii) in a-phase increases the conductivity,
iii) B-phases decreasing the conductivity increasing
the hydrogen stoichiometry.

The mobility of electronic transport in PdHx as
determined 0.052 cm?/V-s. The electronic transport
behavior could be explained as a defect nature in
palladium hydride.

Discussion

The 1st H occupation in Pd (FCC) starts from the
center of octahedral which is in FCC empty and is
excepting least energetic location. The 2M H is
supposed to locate longest distance each other due
to the same hydrogen could be repulsive (upon
considering both are either in H* or H- ion). From the
2" H incorporation, hydrogen sub lattice to be
constructive, and the thermodynamic concern to be
identical after two H association to the x = 0.75 (x in
PdHx). All the 3 coordinating Hs are in H- ions
evidence basis on the electrical conductivity dropping
with increasing x value. When the hydrogen
stoichiometry 0.75 < x < 1.00, all the associated
hydrogens are equalizing charge and distance
between Hs. All the Hs are charge compensating
each other between H and H, consequently all
hydrogens in the Pd (FCC) are in 1s'-1s' neighboring

with ga (a = lattice parameter) and %2 a between
Pd-H-Pd.

Il. Experimental Data
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Monitored electrical resistance (in blue) and
calculated conductivity (in red) with switching
gases between 1.00% and 4.00% Ha.

"o
(a) “ 120 ®
!
129.89) e ) -,
o 1589.2
_ B e LW o - M%
™ g E o 1%H, E
5 2 O ™A 2 3
& 125.04 R 3 T o )
T R :
- e x
e 1% , 15884 126}
10
R P a—
t(s) t(s)
Figure-2.

Resistance (and conductivity) versus time (a) the
initial stage and (b) equilibrated in argon gas (Pd) to
1.00%Ho>.
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1.00%H2 to argon gas (Pd).
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Scenario Development Methodology for Automated Vehicle Evaluation

llsoo Yun', Woori Ko?
"Ajou University, 2Ajou University

l. SUMMARY

This study aims to build a test case based on the
trajectory of an object to evaluate the safety of
automated vehicles (AVs). A test case is a
meaningful concrete scenario that can be
immediately used to evaluate safety. In this study, a
natural driving trajectory was created by analyzing
the video with real roads acquired using a drone,
and then test cases were developed. In addition,
after setting the evaluation index that can consider
safety during lane change, the results were
analyzed with matlab's simulink simulation.

Il. METHODOLOGY OF TEST CASES FOR AV
BASED ON REAL TRAJECTORY DATA

A. Analysis of drone video data

The spatial range of the AV driving safety
evaluation scenario was set as a ramp section. In
this study, drone image data taken in the
expressway ramp area was used to simulate the
lane change trajectory of the expressway inflow and
outflow ramp area.

B. How to generate the AV trajectory

This study develops a driving safety evaluation test
type in a situation where the ego cut-in to the front
of the target of the adjacent lane in the expressway
ramp section. Here, the AV becomes an experiment
subject that requires driving safety evaluation, and
the target is defined as a surrounding object set for
evaluation as shown Figure 1.

C. Create logical scenarios related to lane change
on ramp section

A logical scenario sets the type and range of
variables related to a specific situation and
expresses the specific situation in more detail (Ko
et al., 2022). Therefore, the types and ranges of
related variables are different for each road section
and driving situation. In this study, since the
situation as shown in Figure 1 was set, variables
related to the cut-in situation of the ego vehicle in
the highway ramp section were calculated.

Figure 1: Situation for Evaluation

D. Establishment of safety evaluation index and
criteria

The test case extracts the variable combinations of
scenarios that have significant results through
evaluation. Here, a meaningful result is premised on
whether the AV can avoid a collision under the
evaluation condition. Therefore, the indicators and
standards for evaluating driving safety are different
for each specific situation. In this study, the time to
steer (TTS) was set as an appropriate safety index
because the cut-in situation was modeled. TTS
means the time required for steering to avoid a
collision with a preceding vehicle.

lll. CONCLUSIONS

Experimental values within the selected range are
simulated through combination. At this time, the
criterion selected as the test case was 0.4s < TTS <
1.0s criterion used as a safety evaluation index
through the review of previous studies. As a result,
concrete scenarios, which were initially 585
combinations within the range of possible variables,
were finally selected as 49 test cases through a
valid process.
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Digital Transformation of Road Management in Korea
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I. INTRODUCTION

Most roads in Korea were built in the 1970s and
1980s and are experiencing rapid deterioration as
they have been used for more than 50 years. As a
result, road maintenance costs exceed new
construction costs, and as a result, the paradigm of
road management is shifting from new construction
to maintenance.

The core of the maintenance-oriented road
policy is to utilize the current road as efficiently as
possible, and as a solution, the digital
transformation policy of the road management
system is being promoted. This study proposed a
plan to develop a standard model for evaluating the
digital level of the road operating system and use it
to derive digital conversion factors and calculate
priorities.

Il. SURVEY OF CURRENT DIGITAL LEVEL

In this study, the current level of digitization of roads
was investigated in order to set the direction of
digitization of the road management system. As a
result, it was found that 39.1% of the road
management work was carried out on a paper
document basis, and the use rate of the road
management system in the form of software was
low at 14.5%. As a result of the survey, it was
analyzed that the level of digitization of local
governments was lower than that of the central
government, and it was determined that digitization
of local governments needed to be promoted first.

. DEVELOPMENT OF
EVALUATION MODEL

Road work was divided into road planning, road
construction, and road operation, and indicators
were set to evaluate the digital level. The evaluation
index was set as items requiring digitization derived
through interviews with road management
personnel. The relative weights between the
evaluation indicators were calculated through the
Analytic Hierarchy Process (AHP), and from the

DIGITAL LEVEL

results, the distribution of points for each evaluation
index was set as shown in Table 1.

Table 1: Evaluation Model for Road Digital Level

Road Evaluation Index Score
Management
Task
Planning Mid/long term plan 15
Road route
designation and 10
notification
Feasibility
10
assessment
Construction  Design 12
Road area 9
Management Road facilities 13
Road  occupancy 8
management

IV. MODEL APPLICATION

As a result of applying the digital level evaluation
model to Daejeon City and Chuncheon City,
Daejeon City scored 36 points and Chuncheon City
scored 28.8 points. Since the current digitization of
road operation is in its initial stage, it is judged that
the score is low, and through the evaluation, it
provided a standard for objectively determining
which part needs to be digitized first.
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Facility Management Practice for Public University: A case study on the
University of lowa

Namho Cho'
"Design Project Manager, The University of lowa

I. INTRODUCTION

Academic institutions, such as universities and
research centers, have complex facilities serving
multiple purposes. It is critical to maintain these
facilities appropriately to enhance the business
structure of universities and support students’
education. This study analyzes the facility
management (FM) practice used at the University of
lowa (Ul) and provides insights for future
improvement.

Il. FACILITY MANAGEMENT
A. The Environment

Often, the funding provider determines the
customer for facility improvement projects, which
can complicate FM practices when occupants are
not the same as the funders. Understanding the
organization's structure is critical to understanding
the current FM practices. The Ul organization is
largely divided into the general education and
hospital groups, which manage their properties
separately. This study focuses only on the general
education FM.

B. The FM for Ul

The FM structure includes functions for maintaining
the business. Figure 1 shows the structure of FM
for the University of lowa, which consists of four
functional groups: (1) Building and Landscape
Services (BLS), (2) Design and Construction (D&C),
(3) Ul Utilities, and (4) FM support. BLS is directly
involved in ordinary maintenance practices. If the
area managers determine that the issue cannot be
resolved with maintenance, the project is issued to
D&C. The D&C performs design with third-party
professionals and constructs/renovates facilities
with contractors. D&C also archives every
construction document for future use. Ul Utilities
oversees utility requirements, and since Ul sold its
utility function to Engie, construction for utilities is

often performed by them. FM support manages
sub-functions to operate the entire FM group.
Interestingly, Information Technology Services (ITS)
is separated and performs its own planning for
university internet services.

The FM groups can carry out construction/
renovation projects for customers from different
colleges, but they can also be customers for each
other. One of the project manager's roles is to
coordinate and identify which group should be
involved in a project to avoid any conflicts between
the departments.

1
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Figure 1: The Structure of FM Dept. for Ul
IV. RESULT

Facility management for universities is complex and
challenging to track. This paper explains the FM
structure used at Ul to provide insights into in-field
practices. Case studies of multiple institutions can
help determine the best FM practices.
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Towards Portable and Accurate Ergonomic Assessment in Construction
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. INTRODUCTION

Construction workers often perform numerous
physically demanding tasks and thus are especially
prone to work-related musculoskeletal disorders
(WMSDs) [1]. For their safety and health, it is
essential to mitigate and prevent ergonomic risks by
efficiently and accurately estimating biomechanical
risks. Traditionally, estimating the whole-body
biomechanical loads was a long process requiring a
complicated experimental setup and a dedicated
space to capture the whole-body motion. However,
the Inertial motion capture (IMC) systems—a
composite of inertial measurement units (IMUs)—
enable whole-body motions collection in any space
and eliminate the need for other equipment confined
to in-laboratory use. This study developed an
ergonomic assessment module applying whole-body
inverse dynamics that used an IMC system only to
estimate the net moments and forces on all major
body joints.

Il. METHDOS

The ergonomic assessment tool solves the inverse
dynamics of the whole-body model described in
Diraneyya et al. [2] to predict the net forces and
moments in major body joints, namely lower back
compression and shear forces at the L4/L5 disc and
moments in shoulders, elbows, hips, knees, and
ankles, from motion captured by an IMC system.
Additional information required to solve the inverse
dynamics problems, including the subject’s height
and weight, and external loads (e.g., hand loads
during manual handling), is manually entered into the
module. The subject is also videotaped to visualize
the recorded movement alongside the kinematic
data. Upon completing the solution process, the
module generates the result window, Figure 1.
Specifically, it identifies critical moments where the
loads on the joints are particularly high and provides
a video replay of the at-risk moment, a graph of the
joint moment including those critical points, and a
colour-code stick figure to represent the risk at
various joints in the body.
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Figure 1: Post-Processing Graphical User Intérface
of the Ergonomic Assessment Module Report

lll. RESULTS AND CONCLUSION

The module was used to analyze ten masons' joint
loads experienced during bricklaying. Each
participant completed a prebuilt lead wall consisting
of 27 standard concrete masonry units (CMUs) with
a six-course height—from the 2nd to 6th course,
utilizing 45 standard CMUs, weighing 38 Ib. The
module was validated by comparing its estimations
to those obtained from an established static
biomechanical analysis software, 3D Static Strength
Prediction Program (3DSSPP).

The peak joint loads estimated from the
assessment module and 3DSSPP showed excellent
correlations for all joints, with intraclass correlation
coefficients (ICC) ranging from 0.92 to 0.94. The
module allows for a simple estimation of body joint
loads, providing a near real-time and portable
ergonomic assessment at on-site and training
environments. Furthermore, it can improve
workplace ergonomics by providing insight into
WMSD risks associated with job and workstation
design.
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. INTRODUCTION

A. Background

Liquidated Damages (LD) in plant projects refer to
the monetary damages that the owner may incur in
the case of a breach of contract by one of the
contracting parties as a consequence of such breach
[1]. LD is represented by delay liquidated damages
(DLD) and performance liquidated damages (PLD).
DLD refers to compensation to the Project Company
for losses and damages suffered as a result of late
completion of the plant, and PLD compensates the
Project Company for losses and damages incurred
due to underperformance of the plant. This study
aims to develop a model that automatically estimates
the LD and the amounts of the General Provision
(GP) of equipment purchase contracts in the steel
plant. For this, artificial intelligence (Al) technology
was applied.

B. Methodology

The LD automatic estimation model using Al
technology initially identifies the required variables of
the LD clause in the GP and then detects their
coordinates. The necessary variables for LD
estimation include the contract amount, delivery date,
and preliminary acceptance certificate (PAC)
issuance date. The variables and date patterns in the
document were preprocessed through data
normalization. The development process of the LD
automatic estimation model is shown in Figure 1.

Development process of the LD automatic estimation model

Analysis GP and Select variables — Detect coordination of variables
General Provisians I.

Set the estimation formula

!

» Develop automated estimation model for LD

Input l

Data

Visualization: Ul on web server

Preprocessing: Normalization Model test and error correction

Figure 1: Development process of the LD automatic
estimation model

When entering contract documents into the model,
the model automatically detects the variables
necessary for analysis. The detected variable values
are applied as input values for the LD estimation
equation set in the model. Then, the resulting LD
amount is automatically calculated. The LD
estimation model proposed in this study is divided
into DLD and PLD. Eventually, the total LD amount,
the sum of the DLD and PLD, is estimated. This
model was developed wusing the Python
programming language, the main library was PDF-
diff, and Ixml and PIL were applied for additional
support [2]. A web-based prototype system was
developed to implement the proposed model. The F1
score was presented as 100% when the value of all
variables was inputted accurately. In addition,
compared to the manually calculated method by
engineers, the LD estimation process was shortened
by an average of approximately 18 minutes.

Il. RESULT

This study developed a model applying Al
technology to automatically estimate LD, a critical
contractual risk in plant projects. It confirmed its
potential practical applicability in the industry field by
developing a web-based prototype system. The
proposed LD estimation model can be utilized as an
assistive device to reduce the workload of
purchasing managers and prevent potential human
errors. In addition, it is expected that this study could
be expanded into a more comprehensive range of
research in contract and risk management.
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Virtual Reality Educational Simulation for Construction Management
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. SUMMARY

Educational simulation has recently gained
significant popularity and attraction in STEM
education. It not only provides educational

connotations in a highly immersive environment but
also entails entertainment components to keep
students engaged during the education process.

The recent emergence of COVID-19 has also
raised an urgent need for pedagogical transition for
higher education in construction science field,
resulting in the physical classroom moving to an
online, virtual classroom. This research proposes a
new pedagogical approach, virtual reality (VR)-
driven educational simulation for construction project
management principles and methods and tests its
effectiveness.

Il. VR-DRIVEN EDUCATIONAL SIMULATION

A. Test Bed — Marshmallow TVD Simulation

The in-person, physical Marshmallow TVD
Simulation developed by Munankami (2012) to help
students intellectually grasp a simplified, conceptual
framework of TVD was selected as a test bed.

B. VR-driven Educational Simulation

The VR-driven Marshmallow TVD Simulation is
developed using the Unity™ software to digitalize the
physical TVD simulation directly. The software can
imitate  most physical characteristics such as
materials, mass, movement, and reactions to
establish real-world scenes in the VR environment.
Figure 1 depicts the snapshots of VR-driven
Marshmallow TVD Simulation.

Figure 1: Physical and VR Educational Simulations

lll. TESTING AND RESULT

Thirty valid pre- and post-simulation questionnaire
surveys were collected from the experiments. A one-
way analysis of variance (ANOVA) was conducted to
compare the knowledge retention before and after
simulation and determine whether statistical
evidence shows that the means were significantly
different. There was statistical significance in
knowledge retention after VR-driven simulation for
those five TVD principles: mutual benefit and reward;
collaborative decision-making; early involvement of
key partners; intensified planning; and appropriate
technology (Table 1). The results indicate that VR-
driven educational simulation can successfully
impart those five TVD principles.

Table 1: Result of ANOVA

TVD Principles F p

Mutual benefit and reward 4397 0.040
Collaborative decision-making 6.621 0.014
Early involvement of key partners  6.222  <.001
Intensified planning 7.331 <.001
Appropriate technology 6.429 .010

IV. CONCLUSION

This research developed a VR-driven educational
simulation to teach the basic concept of TVD.
Experimental data from participant surveys before
and after the simulation investigated the
effectiveness of the suggested simulation, and the
results showed the potential of VR-driven
educational simulation in imparting construction
management principles successfully.

The results of this research contribute to creating
new knowledge on the quantitative effects of VR-
driven educational simulation and the efficacy for
future educational simulation designers and
developers in the construction industry.
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Al-driven contract risk extraction model
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|. RESEARCH BACKGROUND

A construction project is a long and expensive
endeavor in which the design, on-site conditions, and
available resources can change at any point.
Consequently, claims and disputes among various
stakeholders are inevitable, which leads to cost
overruns and schedule delays. To prevent such
construction claims and disputes, all participants in
construction projects typically make a stipulation
regarding their roles and responsibilities by
contracting. A construction contract is a mutually
agreed upon, dominant, and legally binding
governance, and thus contractual relationships and
obligations set forth in the contract serve as the basis
for important judgments when disputes arise.
Therefore, if the risks inherent in the contract are not
thoroughly reviewed at the bidding and contracting
stage, claims and disputes may arise causing
significant financial losses, possibly leading to legal
action [1]. This study presents a novel proactive risk
assessment model to identify risk-related contract
terms in construction contracts. The proposed
contract risk extraction model is driven by Al-based
natural language processing (NLP) technology and
the model discovers and determines risk-related
contract terms in an automated manner. The
proposed data-driven risk assessment model is
expected to reduce the extent of human errors by (1)
identifying potential contractual risks that could arise
disputes, and (2) supporting to development of
appropriate response strategies for the given risks.

Il. CONTRACT RISK EXTRACTION MODEL

This study is carried out in the following four steps

(Figure 1):

e Risk-related contract terms that are frequently
encountered in the owner’s modified contract are
defined based on real-world construction
contracts and previous dispute cases (i.e., legal
cases).

e Text data pre-processing is performed 1) to
transform unstructured text data (contract
documents) to the structured format and 2) to
make compound and complex structures of

sentences in the contract documents into simple
sentences.

e The subject, verb, and object (SVO) part of every
sentence in a given contract document is
extracted. In addition, additional syntactic rules
are developed for extracting SVO tuple in an
exceptional sentence structure which contains
conditional clauses using the words if or unless.

e Semantic analysis using the contract risk-related
lexicon is carried out to recognize the pattern of
problematic contract terms based on the types of
contract risks defined in the first step.
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Figure 1 contract risk extraction model development

lll. CONCLUSION
The automatic extraction model was designed to
automatically extract the intentionally and
maliciously modified contract terms and these
modified terms are defined as risk-related
problematic contract terms. The proposed model is
designed to enable contractors to focus on
strategizing and making informed decisions with an
enhanced understanding of contract risks.
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Using Data to Integrate Equity in Infrastructure Project Selection
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I. SUMMARY

On January 20, 2021 President Biden signed
Executive Order 13985 “Advancing Racial Equity
and Support for Underserved Communities Through
the Federal Government” [1]. As a result of this
order, the United States (US) Department of
Transportation (DOT) indicated that they will
undertake a comprehensive approach to advance
equity for all and assess to what extent its programs
and policies perpetuate systemic barriers to
opportunities and benefits for people of color and
other underserved groups.

The proposed presentation focusses on how to
deploy a data driven process to examine and
deliver an equitable distribution of resources on
infrastructure investments focused on improving
highway safety. A review of how state and local
jurisdictions in the US can incorporate equity into
their project selection process will be reviewed.
Common data driven practices will be examined
that include identify data sources (including the US
census) and analysis techniques that can help
accomplish the US DOT goals stated above.

As examples, two jurisdictions that currently deploy
equity-based criteria for roadway infrastructure
project selection will be reviewed namely the
Delaware Valley Regional Planning Commission
(DVRPC, as illustrated in Figures 1 and 2) and the
City of Portland, Oregon. These two jurisdictions
incorporate equity criteria into the project selection
process and this research will explore their
approaches. Common census tract variables used
to integrate equity in the decision-making process
will be identified and documented. The findings of
this research could then be used to help
communicate best practices for establishing equity-
based criteria for project selection for other
jurisdictions.

PBOT Equity Matrix + demographic indicator maps

Figure 1: Portland Equity Matrix and Demographic
Indicator Map [2]
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Figure 2: Delaware Valley Regional Planning
Commission Project Selection Criteria [2]

REFERENCES

1. Executive Order 13985—Advancing Racial
Equity and Support for Underserved
Communities Through the Federal
Government

2. Delaware Valley Planning Commission
(DVRPC), Equity Analysis for the Greater
Philadelphia Region

https://www.dvrpc.org/webmaps/ipd/

UKC 2023 228



Green Infrastructure Design and Runoff Reduction Evaluation for Metro
City Level: The Case Study of Suwon City

Jaekyoung Kim' 2, Hyereong Yun?3, Samuel Park?, Junsuk Kang'.23+
‘Interdisciplinary Program in Landscape Architecture, Seoul National University, 2Integrated Major in Smart
City Global Convergence, Seoul National University, 3Department of Landscape Architecture and Rural
Systems Engineering, Seoul National University, ‘Research Institute of Agriculture and Life Sciences, Seoul
National University

. SUMMARY

The damages caused by climate change are
increasing, and among them, the effects of flooding
have a significant impact on cities. In this study, we
designed green infrastructure using SWMM 5.2 and
evaluated the runoff reduction effect.
When designing an evidence-based green
infrastructure for Suwon City, the maximum runoff
reduction effect was found to be about 24%.
Il. Background and Objectives

Climate change is predicted to worsen, and the
global community is making various efforts to
achieve carbon neutrality by 2050. The global
community is aware of the severity of climate change,
and in addition to mitigation, efforts are also being
made to focus on adaptation-related measures.

One of the methods for adapting to floods is
green infrastructure. Green infrastructure is also
referred to as LID (Low Impact Development) and
involves managing stormwater in an environmentally
friendly way by dispersing it from the initial stage.

According to this background, the objective is set
to design green infrastructure and evaluate the
reduction in runoff under extreme rainfall conditions.

lll. Methods
A. SWMM Modeling

This study used SWMM developed by U.S. EPA.
SWMM is a hydrologic simulation software used to
model urban stormwater systems. The model can
analyze various components such as stormwater
runoff, combined and sanitary sewers, and water
quality (Kim et al., 2022).

B. Design of Green Infrastructure

Green infrastructure was designed for Suwon
City, located in South Korea. A total of six facilities
were planned, and the design methodology was
applied by referring to the Low Impact Development

(LID) Landscape Guideline published by the Ministry
of Environment.

C. Time Scenario

Precipitation was applied at 50 mm intervals
from 50 mm to 400 mm, and runoff was evaluated.
To apply the precipitation scenarios, a method to
divide the rainfall into hourly units is required. For this,
the Huff equation was used.

IV. Results

The results of this study showed that there was a
maximum runoff reduction effect of 10.25% at 400
mm of precipitation and a runoff reduction effect of
24.71% at 50 mm of precipitation.
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Figure 1: Runoff Reduction Effect of Green Infra

ACKNOWLEDGEMENTS
This work was supported by Korea Environment
Industry &Technology Institute (KEITI) through
"Climate Change R&D Project for New Climate
Regime.", funded by Korea Ministry of Environment
(MOE) (2022003570004)

REFERENCES
Kim, J., Lee, J., Hwang, S., & Kang, J. (2022).
Urban flood adaptation and optimization for net-
zero: Case study of Dongjak-gu, Seoul. Journal
of Hydrology: Regional Studies, 41, 101110.

229 UKC 2023



Assessing Vulnerability of South Korea to Typhoon Damage
Considering Sea Level Rise: A Case Study of Typhoon Maesak
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. SUMMARY

This study employed simulations to analyze the
evolving patterns of typhoon damage in response to
projected low, and high-intensity sea level rise in
2100. Fluid dynamics and wave simulations were
conducted using Delft3D-FLOW/WAVE, and the
variations in damage pre and post sea level rise were
analyzed based on data from Typhoon Maesak in
2020.

Il. INTRODUCTION

A. Typhoon Maesak and Modeling

On September 3, 2020, Typhoon Maesak, a very
strong typhoon, made landfall in Busan, South Korea,
with a central pressure of 950 hPa and a 10-minute
average wind speed of 44 m/s. Utilizing the track and
wind data from JTWC for Typhoon Maesak, the wind
field of the typhoon was generated using the Holland
(2010) model for the hydrodynamic/wave simulation.

B. Simulation Details

Numerical models have been employed to study
wave and flow dynamics in response to extreme
events, such as Tropical storm. This study utilized
the Delft3D-FLOW and WAVE models, which
combine the hydrodynamic module (Delft3D-FLOW)
for solving the Navier-Stokes equations and the
wave module (Delft3D-WAVE) for simulating short
wave generation and propagation in nearshore
areas. The simulation grid consists of two
components: a large-scale grid encompassing the
entire area of Korea and a detailed grid focusing
specifically on the southern region of South Korea.
These two grids are interconnected with Domain
decomposed boundary in Delft3D model.

C. Sea Level Rise

According to the Projected Sea Level Rise Under
Different SSP Scenarios provided by NASA, the
projected sea level rise in Busan by 2100 ranged
from 0.46 m (Low scenario) to 0.85 m (Very High

scenario). Typhoon simulations were conducted to
examine the changes in inundation areas under two
sea level rise scenarios and a no sea level rise
scenario.

lll. RESULTS

The maximum wave height due to the typhoon
was recorded as 10.52 m in the offshore waters of
Busan (Figure 1). In comparison to the scenario
without sea level rise, both the Low and Very High
scenarios showed areas that were already inundated,
and these areas experienced a higher level of
flooding during the typhoon's passage.
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Figure 1: The simulated maximum wave height
during the landfall of Typhoon Maesak

However, it should be noted that the model's grid
size of 0.02 degrees (approximately 22.2 km) is
insufficient to capture detailed inundation patterns.
To obtain a more accurate representation of the
detailed changes in flooding, a finer grid and high-
resolution Digital Elevation Model (DEM) are
required.
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l. SUMMARY

This study proposes a framework for evaluating
multivariate return periods using event-based
frequency analysis techniques. The framework is
applied to analyze Hurricane lan, a recent
catastrophic event. Univariate, bivariate, and
trivariate frequency analyses are performed using
generalized extreme value distribution and copula.

Il. Methodology

A. Sampling Annual Maximum Series

Annual maximum series of flood volume, peak
discharge, total rainfall depth and maximum wind
speed were prepared for the frequency analyses.
The annual maximum series were chosen through
the block maxima approach.

B. Frequency Analysis Methods

Univariate analyses were conducted using GEV
distribution. Bivariate analyses were conducted
using copula. Trivariate analyses were conducted
using D-vine copula.

lll. Data Preparation

53 stream gauges from USGS and 13 weather
stations from NOAA were chosen for the frequency
analyses. For spatial analyses, we used 30 years of
observation. In the case of point-based analyses, 35
years of observation were used.

IV. Results

A. Spatial Pattern of Hurricane lan’s Return Period
Spatial pattern of the return period of Hurricane lan
was generated by averaging the results of bivariate
frequency analyses, which are combination of peak
discharge & flood volume and total rainfall depth &
maximum wind speed (Figure 1).

Jacksonville

Return period (years)

.>30

20

10

Figure 1: Hurricane lan’s return period map based
on the bivariate frequency analyses results.

B. Point-based Return Period of Hurricane lan

The point-based analyses were conducted using
data from Daytona Beach International Airport
weather station and Tomoka River Near Holly Hill
stream gauge (Table 1).

Table 1. Univariate, bivariate, and trivariate
return period of Hurricane lan

Estimated 95%
Analysis
Input variable(s) return period confidence
method
(years) interval (years)
Q (peak discharge) 60.2 55.7-65.0
.. V (flood volume) 85.3 82.1-88.3
Univariate . .
W (maximum wind speed) 71.3 54.2-110.1
R (total rainfall depth) 39.2 34.1-45.0
- Q&P 650.3 582.1-723.1
Bivariate
W &R 1592.6 974.5-2,593.3
R-centered 439.3 322.4-565.2
Trivariate Q-centered 1,064.1 905.1-1,337.9
‘W-centered 1,727.8 904.6 — 3,548.3
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I. INTRODUCTION

Somalia has an increasing number of forced
migrations within the country's border mainly due to
climate and conflict stresses. The country is
infamous for extreme droughts, while it is also
successive at the same time. Also, civilians suffer
from prolonged armed conflict between the
government and al Shabaab, a terror group based in
southern Somalia.

Recent researchers worked on how climate,
conflict, and forced migration interact [1]. However,
the spatial heterogeneity of these interplays has not
been fully understood. A country-level study may be
too course-grained for capturing the underlying
mechanisms of the feedback between climate,
conflict, and forced migration. Thus, | conduct an
event coincidence analysis to analyze different event
coincidence patterns across Somalia.

Il. METHODS

A. Data

All data in this study is cleaned up at a weekly scale
in 2016—-2022. For quantifying migration events, this
work uses Protection & Return Monitoring Network
data from UNHCR. The data was collected through
onsite interviews. If there is any outgoing migration
population in week i, | define that week i have a
migration event. | used CHIRPS precipitation data to
count dry weeks without any rainfalls. Lastly, | filtered
al Shabaab conflict events from ACLED data.

B. Event Coincidence Analysis

This method calculates the temporal coincidence of
two or three types of events. For each event of type
Ain Fig. 1A, you check whether there are any events
within the coincidence window (AT) with a time lag
(7). If so, the focal event has a coincidence with event
type B. After iterating per all events of type A, you
calculate the fraction of coincidence. In the
mathematical formula, the coincidence rate is:

Na Np
1 A B
T = N_Z 0 Z Lo (@& — D) — )|
493 =

The event coincidence rate of the three event types
is calculated in the same way.
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Figure 1: (A) An overview of event coincidence
analysis. (B) Conflict-migration coincidence. (C) No
rainfall-migration coincidence. (D) No rainfall-

conflict-migration coincidence.

0.0

lll. RESULTS AND DISCUSSION

Fig. 1B-1C exhibits different coincidence patterns in
Somalia. For conflict-migration coincidence, the
hotspots are located in the south where frequent
battles between the government military and al
Shabaab take place. Still, Bossaso, a northern port
city, shows high coincidence. Coincidence between
no rainfall and migration is relatively high across the
whole country because most districts are affected by
droughts. Central districts have the highest
coincidence in this case. No rainfall, armed conflict,
and migration coincide in Banadir (Mogadishu) area,
the capital of Somalia, and Bossaso. Overall, this
study offers valuable insights into building a nexus
between climate, conflict, and forced migration.
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Investigating the Relationship between HumanPhysiological
Responses and Indoor Environmental Quality in Commercial Buildings

Joon-Ho Choi', Haoyue Dai
'Building Science, School of Architecture, University of Southern California

l. SUMMARY

During the COVID-19 pandemic, the significance of
Indoor Environmental Quality (IEQ) and its impact on
human physiological responses gained attention,
particularly for commercial buildings and their
influence on occupant health and company
performance based on Environmental, Social, and
Governance (ESG) criteria. However, existing
studies lacked comprehensive experiments to
develop predictive models linking  human
physiological responses with indoor environmental
quality. This research investigated the relationship
between human physiological responses and IEQ
components in two office areas, involving 20
participants. Sensor data collected information on
IEQ indicators, and wearable devices recorded
human physiological response data. Machine
learning techniques were utilized to establish
correlations and validate an accurate predictive
model. The study aimed to enhance existing IEQ
monitoring technologies and ventilation control
models while gaining insights into the physiological
needs of individual building occupants in relation to
their ambient environmental quality.

Il. RESEARCH METHODS

The experiments took place at a commercial office
building in the downtown Los Angeles, which was
divided into five zones to capture various office
conditions. Data collection occurred in September
and November, with ten volunteers working in the
office for a week during regular work hours in each
period. Sensors were installed in each office area to
collect indoor and outdoor environmental
parameters, and volunteers wore smartwatches to
capture physiological responses. Paper
questionnaires on indoor air quality (IAQ) and
thermal comfort were filled out every two hours. Data
from the sensors were collected at a 10-minute
interval. Statistical software (Minitab) and machine
learning (Python) were used for data analysis,
aiming to identify relationships between parameters
and determine relevant bio-signals.

Ill. RESULTS AND CONCLUSION

The TLCC (Time Lagged Cross-Correlation) and
Granger Causality Test are employed to analyze

personal data and identify significant correlations
that satisfy two criteria: (1) IEQ indicators leading to
bio signals and (2) statistical significance with a p-
value of less than 0.05. Any analysis with a p-value
greater than 0.05 has been excluded. Al
participants' data are consolidated into a single
dataset for cross-correlation analysis. The findings
reveal the three most notable correlations: (1) indoor
temperature with EDA (Electrodermal Activity), (2)
PM2.5 with EDA, and (3) relative humidity with skin
temperature. However, no significant correlation is
found between CO2 levels and skin temperature.
Figure 1 presents a heatmap of the average
coefficients, where negative correlations are
depicted in blue and positive correlations in red.

Figure 1: Heatmap showing the percentage of
significant correlation cases based on personal data

This study aimed to develop estimation models for
an automatic environmental control systembased on
physiological responses to indoor environmental
quality (IEQ) in commercial offices. Significant
correlations were found between IEQ indicators and
physiological responses, with gender differences
observed. Individual-based models outperformed a
general model, particularly forindividuals with lower
BMI. The study highlights the potential of utilizing
physiological responses to enhance ventilation
control systems.
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Evaluation of V-COP model for real-time monitoring of EHP performance
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"Korea Institute of Energy Research, Korea, 2 Yonsei University, Korea, 3Korea University, Korea

. INTRODUCTION
In order to decarbonize buildings, there is a shift
towards reducing the use of fossil fuels and
transitioning to electricity generated from renewable
sources. A crucial technological element in the
electrification of buildings is heat pumps, which
have approximately 2-5 times higher efficiency
compared to conventional heating systems.
However, while the performance of heat pumps
is important, the measured coefficient of
performance (COP) is typically only calculated in
laboratory conditions and not often measured
during actual operational stages. This is because it
is difficult to satisfy the experimental environment
and methods required for COP measurement in
real-world settings. Consequently, this study aims
to explore the feasibility of creating a data-driven V-
COP (Virtual COP) model to facilitate easier on-site
measurements and assess its applicability.

Il. METHOD

The datasets were obtained using EnergyPlus. An
actual office building (3 zones) with an installed Air-
to-Air Heat Pump (EHP) was modeled. The cooling
capacity of the installed EHP is 23.3 kW, with a
power consumption of 4.8 kW, resulting in a rated
cooling COP of approximately 4.9. The operational
schedule is set from 09:00 to 18:00 on weekdays,

with a cooling setpoint temperature of 26°C. To

predict the cooling COP, data was extracted at 10-
minute intervals for the months of June to August to
build the datasets. (The dataset of June and July for
training, the dataset of August for test)

In this study, the following steps were
conducted using the datasets: 1) Variables that
influence the COP were extracted. 2) Correlation
analysis was performed among the variables. 3)
Variables with a correlation coefficient of less than
0.5 were excluded, prioritizing the remaining
variables that are easily measurable in the field as
input variables. 4) The selected input variables
were used to train and test the V-COP model.

lll. RESULTS

In this study, variables that have a high correlation
with cooling COP and are easily measurable in the
field were selected for practical application. The
selected variables were outdoor temperature,
cooling power consumption of the heat pump, and
supply temperatures for Zone 1, 2, and 3.

Figure 1 represents the rated cooling COP,
actual cooling COP, and predicted cooling COP for
August. The rated cooling COP was 4.9, and the
actual and predicted values show a similar pattern.
Comparing the actual and predicted values, the R2
value was found to be 0.9757. The coefficient of
variation of the root mean square error (cv(RMSE))
was 25.32%, and the mean bias error (MBE) was
3.34%, both satisfying by ASHRAE Guideline 14.
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Figure 1: Comparison of true and predicted values
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Fast Load Prediction Model of Chiller using Bayesian Optimization

Juwan Ha', Byeongmo Seo, Seungmin Lee’ Soolyeon Cho'
'College of Design, North Carolina State University, Raleigh, NC, 27695, USA

. INTRODUCTION

Efficient operation of the chiller is crucial for energy
savings in cooling. Compared to other components,
such as chilled water pumps and fans, chillers
consume significantly more energy [1]. Therefore, an
accurate prediction model for the chiller's load is
necessary for efficient operation.

Existing load prediction models of chiller mainly rely
on model-based optimization and grid search
methods. However, improving model accuracy using
these approaches can be labor-intensive and time-
consuming. Thus, this study proposes a fast load
prediction modeling method for a chiller using a
Bayesian optimization approach.

Il. Data Description
The ANN-based chiller’s load prediction modeling
data is collected from the SC factory. The data spans

from June to September 2022, with an hourly interval.

Table 1 presents the dataset variables. used for the
ANN-based chiller load prediction model. In addition,
missing values of sensors were excluded.

11l. ANN Modeling

Equation (1) represents the chiller load prediction
model. To reflect the characteristics of time in the
model, it was classified into hour, day, week, and
holiday, and outdoor air temperature and relative
humidity, evaporator leaving water temperature, and
entering water temperature were selected as input
variables of the freezer load prediction model. Also,
the actual running capacity variable was selected as
an output variable. In addition, Figure 1 compares
the actual chiller load data and the ANN prediction
data.

feniuer Loaa = (1)

fanny(Hour,Day,week, Holiday, Ty, RHg g,

TELWT! TEEWT)

IV. CONCLUSIONS

Bayesian optimization enables faster and more
accurate modeling than traditional grid-based
methods due to its sample efficiency in the
hyperparameter tuning of ANN models. This paper
examines the applicability of Bayesian optimization
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Figure 1. Comparison of actual data and ANN
prediction data

for fast chiller load prediction model. Three types of
acquisition functions (expected improvement,
probability of improvement, and lower confidence
bound) are explored. In the future, this approach will
be applied to modeling other systems such as roof
top units (RTUs), ground mounted units (GMUs), and
variable refrigerant flow (VRF) systems.

Table 1: Time-series dataset variables

Variable Name Type Unit
Hour Numerical N.A.
Day Numerical N.A.
Week Numerical N.A.
Holiday Numerical N.A.
Outdoor air temperature Numerical oc
(Ton)

Outdoor air relative Numerical %
humidity (RH,,)
Evaporator Leaving water
temperature (Tg,7)
Evaporator Entering water
temperature (Tggwr)

Actual Running Capacity

Numerical oc
Numerical oc

Numerical %
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An Empirical Analysis of Korean Household Appliance Use Patterns:
using a national Time Use Survey dataset

Seungmin Lee', Juwan Ha', Jonghoon Kim2, Soolyeon Cho'
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I. INTRODUCTION

Uncertainty due to occupant behavior in predicting
energy usage in residential buildings often leads to
a gap between actual and expected energy
consumption. In this study, the appliance usage
behavior patterns of individual Koreans were
investigated through the Korean Time-Use Survey
to utilize them as foundational data to overcome
such gaps.

Il. METHODOLOGY

A. Data preprocessing

This study used 2019 data from the Korean Time-
Use Survey, extracting seven appliance codes
assumed to be used during specific behaviors. The
data was analyzed by dividing it into weekdays and
weekends.

B. Clustering analysis

K-means algorithm clustered appliance usage
behavior patterns, determining the appropriate
number of clusters using the silhouette coefficient.
The clustering results are shown in Figure 1
(weekdays).

C. Correlation analysis

Spearman's correlation coefficient was used to
identify the main factors affecting appliance usage
patterns. A total of 24 variables were analyzed for
correlation between clusters.

lll. CONCLUSIONS

Correlation analysis revealed negative correlations
on weekdays and weekends with household-related
variables. The analysis results are shown in Table 1
(weekdays). Higher education and income were
associated with the third category, while younger
age and fewer elderly members were associated
with the first category. On weekends, not working,
no economic activity, and unstable employment
status were associated with the third category.

Lower education level and income were associated
with the first category.
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Figure 1: The Proportion of Specific Behaviors
Performed during Each Hour (weekdays)

Table 1: Spearman Correlation Analysis Based on

Weekday Clustering
Variables Correlation Coefficient
Educational Level 0.106
Urban Residency 0.066
Marital Status -0.060
Age -0.063
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In-situ evaluation of non-destructive insulation performance
measurement method of building envelope
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"Korea Institute of Energy Research, Korea, 2 Yonsei University, Korea, 3Korea University, Korea

. INTRODUCTION

The most well-known non-destructive methods for
measuring the thermal insulation performance of building
envelopes are the HFM method (Heat Flow Meter Method)
based on ISO 9869-1:2014, and the IR method (Infrared
Method) based on ISO 9869-2:2018. These two methods
were used to evaluate the thermal insulation performance
of the walls and windows of the building. The thermal
insulation performance of the walls and windows
measured using the HFM method showed a significant
accuracy, closely resembling the design performance.
However, the IR method was found to be suitable only for
lightweight structures such as windows. The thermal
insulation performance of the walls was additionally
measured using formulas from existing literature [1],
resulting in similar results to the design performance.

Il. METHOD

The insulation performance of the building envelope was
measured using the IR method, and its accuracy was
evaluated by comparing it with the design value and the
HFM method. The target building was a new building
completed in 2021, and it was determined that there was
no difference between the design value and the current
performance. The design values for walls are 0.181
W/m2K and windows are 1.268 W/m2K. The measurement
method used the three formulas shown in Table.1.

Table 1: U-Value formula of existing literature

Literature Equation
n qj
ISO 9869-1 U =) =
HEM ; (Ti/' - Tej)
Q
|SO 9869-2 UlRT—l = m
Albaciti et al, U €% 0 X O~ 62) + he(6s — 6.)
(2010) [1] IRT—2 6, -6,

The HFM method used measurement data during
2023.02.20-27. The IR method used data from 00:00 to
6:00 for a total of 10 days, 2023.02.25-27, 03.04-06, 03.17-
20. The HFM method was measured indoors, and the IR
method was measured outdoors.

lll. RESULTS

In this study, the applicability of the method for measuring
the performance of a building in the field was analyzed
through non-destructive insulation performance
measurement from the outside of the building. Fig.1 shows

the results of measuring the U-value of walls and windows
through the method presented in the study.

U Nalue
T (waly

U Value
AT(ToT) — (Window) ~ AT@-T
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Figure 1: Results of measuring U-Value

The results of U-Value calculated by applying the HFM
method showed a difference of about 1.63% compared to
the design performance at 0.184 W/m?K for walls and
1.218 W/m2K for windows, showing a difference of about
3.91% compared to the design performance. The results
of U-Value calculated by applying the IRT-1 method
showed a difference within + 10% compared to the design
performance, with 1.247 W/m2K indoors and 1.398 W/m2K
outdoor for windows. However, it was not possible to
accurately measure walls. The result of U-Value calculated
by applying the IRT-2 method was 0.175 W/m?2K for the
wall, showing a difference of 3.11% compared to the
design performance. However, it was impossible to
accurately measure the windows.

ACKNOWLEDGEMENTS

This work is supported by the Korea Agency for
Infrastructure Technology Advancement (KAIA) grant
funded by the Ministry of Land, Infrastructure and
Transport (grant number RS-2019-KA153277).

REFERENCES

1. Albatici, R., & Tonelli, A. M., “Infrared thermovision
technique for the assessment of thermal
transmittance value of opaque building elements on
site”, Energy and Buildings, 42(11), 2177-2183, 2010.

237 UKC 2023



Physics-Informed Neural Network-based Computational Solid
Mechanics Model for Problems with Material Heterogeneity

Hye-eun Kong', Pinlei Chen?
.2 Pennsylvania State University

l. SUMMARY

Carbon Fiber Reinforced Polymer composites
(CFRP) are used in a broad range of applications
from aerospace to marine industries due to their
high strength-to-weight, high stiffness-to-weight,
and high resistance to corrosion and fatigue. The
additive  manufacturing  process accelerates
designing CFRP composite; however, it inevitably
produces complicated microstructures, high
heterogeneous material phases, and complex
interfaces. Modeling this type of structural material
is challenging because it is difficult to solve the
given partial differential equations (PDEs) either
analytically or numerically.

Recently, Physics-Informed Neural Networks
(PINNs) have gained popularity as a replacement
for numerical methods for the approximation of
PDEs, in which physics laws and equations are
integrated into neural networks. PINNs can obtain
the approximated solution of PDEs by optimizing
parameters such as weight and bias; in other words,
minimizing physics-based loss function that can be
formulated in different ways based on different
physics laws.

In this work, we create a PINN-based
computational solid mechanics model for linear
elastic problems and resolve displacement and
stress fields resulting from heterogeneous material.
Different loss functions such as the collocation loss
function, the energy-based loss function, and the
combination of these two are applied and compared
in terms of the accuracy of the solution. Also, we
are going to integrate the phase-field method into
our PINN models and investigate a crack path in
the heterogeneous material. The main objective of
this work is to design a more accurate and robust
PINN model that is specialized for material
heterogeneity.

Governing Equation 9@)V-0(x)=0, x€Q

u(x) = u(x), x € 0Q
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Figure 1: the architecture of the proposed PINN-
based computational solid mechanics models
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Figure 2: the simulation of the solid mechanics
problem where E=0.5, t=0.0275, G.=4.05e-2,
[0=0.04, ha=1/50, d(0<x<0.5, y=0.5)=1
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Field Evaluation Plan of Connected Vehicle Identification System

B. Brian Park', Zeyu Mu’, Kun Yang'!, Cong Shen, Yixin Sun'
Link Lab, University of Virginia

. SUMMARY

Our recent research has developed an algorithm
identifying preceding vehicle connectivity and
evaluated its performance in a simulation
environment. To assess the feasibility of
commercialization and the performance in the real
world, this paper presents a field evaluation plan for
a connected vehicle identification system, a
prototype product to be assembled and tested in the
real world. Our prototype system for an ego vehicle
consists of a Jetson board, a Wi-Fi dongle, a GPS
receiver, and a time-of-flight sensor. The field
evaluation will utilize an ego vehicle and 3 additional
vehicles (a combination of connected and
unconnected vehicles).

Il. Research Background and Motivations
Connected automated vehicles are recognized as a
promising solution for improving the mobility and
safety of urban transportation systems. This is
because they can move like a train. For example,
fully connected automated vehicles can form a
cooperative platoon with as small as 0.6 seconds of
time headway between vehicles, compared to
human-driven vehicles requiring almost 2 seconds.
To form a cooperative platoon, an ego vehicle needs
to identify its immediately preceding vehicle’s
connectivity and establish communication to control
its acceleration and braking cooperatively. However,
due to privacy concerns, the basic safety messages
do not include vehicle-specific information. This will
be a challenge in the real-world deployment of
cooperative platooning.

As noted, previous research by Park
developed a preceding vehicle identification system
(PVIS) and evaluated it using a high-resolution
simulation based on real-world vehicle trajectory
data. To ensure acceptable performance in the real
world, it is proposed to develop a prototype system
and conduct a field operation test.

lll. Prototype System

Our primary goal is to assess the feasibility of
commercialization of the prototype. Thus, we must
ensure the system is reliable, secure, and applicable

in real time. In addition, it has to be commercially
viable.

A. Prototype System

While most university-level research prototype
systems utilize Raspberry Pi boards, our team
decided to use Nvidia’s Jetson, which has a similar
price range but is more powerful, especially in
artificial  intelligence and machine learning
applications. To enable distance measurements
between the ego vehicle and a preceding vehicle, we
plan to use an affordable time-of-flight (TOF) sensor.
A high-end lidar sensor (e.g., Ouster or Velodyne)
will be wused to obtain semi-ground truth
measurements. The preceding vehicle identification
system determines the connectivity of its preceding
vehicle by comparing the distance and speed
between the ego vehicle and potential preceding
vehicles measured by the TOF sensor and GPS
devices. In our prototype system, each connected
vehicle will have a Jetson device with a Wi-Fi dongle
and a GPS receiver, while unconnected vehicles will
not have such devices.

IV. Field Evaluation Plan

The team plans to test the GPS receiver, an ad-hoc
Wi-Fi communication, and the TOF distance and
speed measurements. Once these measurements
are collected and validated, the team will conduct
field tests at a parking lot and then on real-world
roads. We will ensure the safety of drivers/vehicles
during the test. The performances will be measured
based on (i) an error misidentifying an unconnected
preceding vehicle as a connected vehicle (the worst
case), (ii) an error misidentifying a connected vehicle
as an unconnected vehicle, and (iii) the computation
time needed to identify the connected vehicle. The
team will pursue commercialization of this
technology and prototype system.
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Common Data Requirements for Digital Twin Data Interoperability in
Capital Projects

John Oh', H.David Jeong?, Ashrant Aryal®
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. SUMMARY

Digital Twin (DT) in the process industry is
expected to improve physical assets’ functionality
through cyber-physical automated data interaction
and simulation. Various studies demonstrate that
asset lifecycle management would mostly benefit
from DT applications. In order to maximize such
benefits, careful examination of how data is handed
over from Design to Operation & Maintenance
(O&M) is necessary. However, current data
standards fail to address common data
requirements among heterogeneous data sources
and formats for the data handover process, which
hinders automatic and seamless data exchange.
This research proposes a common data
requirements definition for interoperable data
exchange from Design to O&M.

II. COMMON DATA REQUIREMENT FOR
DESIGN-O&M DATA INTEROPERABILITY

A. Current Practice of Design-O&M Data Exchange
The proposed framework is intended to align with
the current data exchange practice for prospective
industry applications. Engineering, Procurement,
and Construction (EPC) firms create the design
data and deliver it to the Owner and Operator (O/O)
Group for O&M application (Figure 1). Piping &
Instrumentation Diagram (P&ID) and 3D models are
the major design data used in the design phase,
which bears necessary data for the O&M phase.
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EPC Firms Owner/Operator (0/0) Manufacturers
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Information Handover to O&M

Figure 1: Process Plant Asset Lifecycle and Data
Exchange between Project Participants

B. Common Data Requirements from Existing
Standards
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Figure 2: Common Data Requirement from Industry
Standard for Design — O&M data

Data requirements for Design and O&M from
industry standards were examined to identify
common data requirements from the standards
(Figure 2). It was intended to identify essential
components among heterogeneous data sources
and formats. Below is the list of common data
requirements.
e Equipment Specification - Plant item category
(Identifier, tag, classification)
e Equipment Specification - Plant item property
(Engineering properties)
e Plant Breakdown Structure
e Port/Nozzle
o Connection type, classification
o Position (coordinate and direction)
e Functional Location (Location-based definition)

lll. CONCLUSION

This research has defined common data
requirements for interoperable data exchange from
Design to O&M with existing standards. This would
assist in enhanced standards-based data
interoperability between design and O&M data
without reinventing an entire data exchange system
from the beginning. It would also potentially benefit
data exchange within the process plant DT system
by bridging different data sources and formats
involved in DT data exchange.
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Heat Stress Conditions and Awareness of Roofers in South Texas
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. SUMMARY

The numerous construction projects currently
underway in South Texas are experiencing serious
problems due to the high temperatures in the
summer. Especially, roofers are exposed to a direct
heat from the sun and an indirect heat from roof
materials. This study observed roofer’s preparation
against heat stress and measured the changes of
their core body temperatures.
Il. Heat Stress and Roofers

McCann (2000) mentioned roofers have one of
highest work-related death rates in a construction
project due to fatal falls. Also, heat exhaustion was
singled out as another main cause of work-related
death because it might be a factor that contribute to
fatal falls from a roof. The CRCA (2016) noted heat
stress resulted physiological responses such as
fogged-up safety glasses, and dizziness. David et al.
(2021) found the numbers of deaths caused by heat
stress were almost double in the last 10 years
compared to the previous decade in Texas and five
of the dozen employers who had lost multiple
employees due to heat stress in the U.S. were in
Texas. This research monitored roofer’s preparation
against heat stress and measured the changes of
roofer’s core body temperature at a residential project
in South Texas.
lll. Case Study: Roofers for Residential Project

A case study is a residential project in Houston
metropolitan area, and the project was replacing a
roof with asphalt shingles and sidings with
hardboards for 2 weeks in August 2022. There were
four roofers on a jobsite, and they were all males who
were the age from early 20s to late 40s. Two out of
four roofers were volunteered to wear a core body
temperature for monitoring the changes of their body
temperature during the project (Figure 1).
e TP St

Figure 1: Overview of project, reslthstation, and
wearable core body temperature sensor

IV. Observation Results

A roofing company was a local company, and
they had no in-house policy or guideline for heat
stress prevention. The roofers had no awareness of
heat stress risks on their jobsite, and they prepared
what they did at previous projects. The roofers took a
few breaks under a shade irregularly and provided
sufficient fluids for adequate hydration. At the end of
most of the days during this project, their fluid supply
was short, and their cooler was empty. Moreover, the
range of their core temperature was between 97.9 F°
(36.6 C°) and 100.3 F° (38.0 C°) as the below figure.
Even if they took a break under a shade, the lowest
core body temperature was still higher than
researcher’s expectation.

Min S’ CORE
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Figure 2. The change of core body temperature

The employer needed to build a systematic
guideline to provide sufficient fluids and cool down
employee’s core body temperature. When the
guideline was published, a training or education
should be offered by the employer to prevent from
heat stress risks in construction projects.
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Fenton-like catalytic ceramic membrane hybrid system for the advanced
water treatment

Youngkun Chung’, Michael S. Wong', Seoktae Kang®"
'Department of Chemical and Biomolecular Engineering, Rice University,
2Department of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology

. SUMMARY

The overall goal of this research was to develop
a catalytic advanced oxidation processes (AOPs)-
ceramic membrane hybrid process for the advanced
water treatment. In order to overcome the limitation
of heterogeneous Fenton-like reaction catalysts
associated with the insufficient generation of
hydroxyl radicals (-OH) at near-neutral pH, a novel
heterogeneous catalyst was developed and applied
in ceramic membrane-based flow system.

Il. MATERIALS AND METHODS
Preparation of Fenton-like catalysts

To enhance the Fenton-like reaction at the
oxygen vacancies in CeOz, the Sm doped CeO:
(SDC) catalysts were synthesized by sol-gel
methods [1]. Finally, SDC doped ceramic membrane
(SDC@CM) were prepared by pore filing and
impregnation coating methods to promote contact
between pollutants and generate reactive oxygen
species (ROS) inside the confined pores (Figure 1).

Performance of H202-SDC@CM hybrid system

The performance of SDC@CM was tested using
10 mg/L humic acid and selected micropollutants
with 10 mM H202 at pH 7. To evaluate the effect of
flux on the removal of CECs, the flux of membranes
was controlled from 10 L/m?/h (LMH) to 300 LMH,
which corresponds to a certain contact time between
pollutants and H20: inside pore walls.

lll. RESULTS AND DISCUSSION

The activity of heterogeneous Fenton-like
catalyst was maximized by adding 20% Sm in CeO2
(SDC) by promoting the redox cycle of cerium ion.
The synergistic effect for enhancing the generation
of -OH was verified using analysis of electron spin
resonance and cyclic voltammogram.

The prepared SDC@CM hybrid system showed

excellent performance of mineralization with over 80%

of total organic carbon (TOC) removal efficiency on
selected micropollutants and humic acid at 80 s of
contact time (20 LMH of flux) at neutral pH. This is

because increased contacts between pollutants and
‘OH in the membrane surface and confined pore
structures lead to the enhanced conversion of H20:2
into -OH.

Figure 1: caning electron microscopy (SEM)-
energy dispersive spectrometry (EDS) images on
the cross-section of SmCeO2 ceramic membrane.

IV. CONCLUSION

The H20.-SDC@CM hybrid system was
successfully developed by a novel coating method,
thus being an effective strategy for enhancing the
efficiency of Fenton-like reaction at neutral pH
conditions associated with the compact, simple, and
continuous system as a mobile advanced water
treatment module.
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Development of Smart Harmful Algal Bloom (HAB) Detection System
Using Unmanned Aerial Vehicle (UAV) and Hyperspectral Sensor

Da Yun Kwon', Seungkwan Hong?, Jae Hyeon Ryu?®
2Korea University, * University of Idaho

I. INTRODUCTION

The frequency of Harmful Algal Blooms (HABSs) is
increasing due to rising global temperatures and
climate change. HABs not only harm aquatic
ecosystems but also decrease the performance of
surface water treatment plant operations. As a
result, the importance of early detection systems of
HABs has been emphasized, and the combination
of machine learning and Unmanned Aerial Vehicles
(UAVs) has emerged as an intelligent algal bloom
monitoring technology (Alayande et al., 2022). In
this study, a hyperspectral sensor is mounted on a
UAV to obtain image data of HAB. With the
hyperspectral image data and the ground truth data,
the early HAB detection system is developed.

Il. Materials and Methods
A HAB detection model has been developed using
images obtained through a hyperspectral sensor
and the ground truth data.

A. Study Area

Lake Lowell in Nampa has experienced high
concentrations of toxin-producing cyanobacteria in
the last few years due to warm temperatures and
nutrient inflow. These blue-green algae blooms can
be harmful to living being, so that continuous HAB
monitoring is required.

B. Sensors

BaySpec OCI-F hyperspectral sensor, which has
120 spectral bands, is mounted on a UAV to collect
HAB images. For ground truth data, water samples
are collected for lab analysis, and an Aqua Troll 400
Bundle W/5' cable for Android & iOS is used for
in-situ water quality data measurement (pH,
dissolved oxygen, temperature, salinity, total
dissolved solids, chlorophyll, cyanobacteria (algae)
concentration).

C. Software

The software built in software is used to develop the
model which can convert the hyperspectral image
data to HAB concentrations.

Ill. Results and Discussion

oy

Lowell, Idaho.

Hyperspectral images enable the measurement of
HAB concentrations and other water quality
parameters indirectly. The green-blue algae found
every summer in Lake Lowell exhibit a high
correlation with the near-infrared wavelength
region. Figure 1 depicts the concentration map of
HABs based on the model developed in this project.
By using UAV and hyperspectral sensor, indirect
and remote measurement of HAB become possible.
For future research, a real-time HAB monitoring
system could become possible by utilizing various
loT and communication facilities.
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Multiple heavy metal detection in greywater using a novel MoS:-
chitosan-based electrochemical sensor

Jong-Hyun Baik' and Woo Hyoung Lee'”
'Department of Civil, Environmental, and Construction Engineering, University of Central Florida, USA.

SUMMARY

Heavy metal detection in greywater is becoming
important with the increasing practice of water reuse
worldwide. Here, we report a novel MoS2-chitosan-
based electrochemical sensor for the rapid and
simple electrochemical detection of heavy metal ions
(Pb and Cd). The modified sensors showed
improved sensitivity with a lower limit of detection
(LOD) of Pb2* (1.67 ppb) and Cd%* (3.56 ppb).

Keywords: Electrochemical detection, cadmium
(Cd), greywater, heavy metal, lead (Pb), MoS:
sensor

l. Introduction

As water scarcity and the need for sustainable water
management continue to grow, water reuse has
become a viable solution to meet water demand in
many regions. Greywater, being a potential source
for water reuse, requires careful monitoring and
treatment to ensure its safety for various applications
such as irrigation, toilet flushing, and industrial
processes. While conventional analytical methods
like ICP-MS are highly accurate and sensitive to
heavy metal detection, they often come with certain
disadvantages such as high cost, complexity, and
the need for specialized equipment and skilled
operators. It is urgent to develop a simple and easy
detection method for heavy metals in water. The
electrochemical method can be an alternative to
these conventional methods. The main objective of
this study is to develop a novel biopolymer-based
electrochemical sensor for rapid and simple heavy
metal detection in greywater.

Il. Materials and Methods

In this study, chitosan and molybdenum sulfide
(MoS2) was used as a biopolymer and catalytic
absorbent, respectively, to improve the sensitivity
and stability of electrochemical heavy metal
detection at low levels in water. To fabricate the
sensor, MoS2 and chitosan were electrochemically
deposited on a carbon screen-printed electrode
(SPE) (RRPE1001C, Pine Research Instrumentation,
Durham, NC, USA). The MoS: solution and
biopolymer solution were prepared following the
previous studies [1, 2]. The square wave anodic
stripping voltammetry technique (SWASV) was used
to detect trace concentrations of Pb?* and Cd?* in the
concentration range of 0 — 20 ppb. Ag/AgCl electrode
was used as a reference electrode. 0.1 M AcB at pH

4.5 was used as a buffer solution for the
measurements.

lll. Results and Discussions

The XPS and SEM/EDS analysis demonstrated that
MoS:2 and chitosan were successfully coated to the
carbon SPE surfaces. The experimental setup was
as follows: Deposition potential of -1.2 V, deposition
time of 300 s, potential step of 0.004 V, amplitude of
0.05 V, and frequency of 20 Hz. Figure 1 shows the
electrochemical Pb?* and Cd?* detection in 0.1 M
AcB at pH 4.5 using the developed MoS2-chitosan-
modified electrode. (0, 2, 5, 10, and 20 ppb).
Compared to the bare carbon SPE, the sensitivity of
the MoS:2-chitosan-modified electrode sensor was
1.7 — 1.9 times higher. LOD of Pb?* and Cd?* was
1.67 ppb (SD: 0.58) and 3.56 ppb (SD: 0.08),
respectively.

Bare SPCE
20 MoS2-chitosan

0 5 10 15 20 25
Pb?* concentration (ppb)

o 5 10 15 20 25
Cd™ concentration (ppb)

Figure 1: Electrochemical heavy metal detection
removal using a MoSz-chitosan coated SPE sensor.
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Purification of Phosphoric Acid Manufacturing Process Water with
Recovery of Critical Materials using MCDI

Jun Kim', Patrick Zhang'-?
"Florida Polytechnic University, 2Florida Industrial and Phosphate Research Institute

I. INTRODUCTION

Every year, the United States consumes more than
20 million tons of phosphate rock mainly for
producing fertilizers. Phosphoric acid is also used in
everything from food and cosmetics to animal feed
and electronics. During the phosphate mining
process, the production of highly saline process
water with phosphate ion (POs*) is inevitable.
Meanwhile, the process water contains an
appreciable amount of critical rare earth elements
(REEs), such as Y, Dy, Gd, Pr, and Nd'. The
extraction of REEs has great potential economic
benefits when properly recovered from the process
water. Membrane capacitive deionization (MCDI) is
an ion-selective electrochemical water treatment
process for various hazardous contaminants and
targeted elements using microporous carbon

electrodes and ion-exchange membranes?. Kim et al.

demonstrated a higher adsorption rate of multi-
valent cations and anions, thus MCDI can be further
used for resource recovery, especially for trivalent
REEs (3+) and phosphate (3-) ions.

Il. MATERIALS AND METHODS

A. MCDI reactor

In this study, the membrane capacitive deionization
(MCDI) reactor is composed of supercapacitor
carbon hydrogel electrodes on titanium substrates, a
cation and anion exchange membrane (CEM and
AEM) with a spacer in-between. DC 1.2V is applied
for electrosorption and reversed voltage (DC -1.2V)

is for complete discharge and electrode regeneration.

B. Measurement

A quadrupole inductively coupled plasma - mass
spectrometry (ICP-MS, PerkinEImer, NexION 350X)
is utilized for the analysis of water samples.

C. lon-selectivity

The performance of the MCDI is under evaluation in
a flow-through cell using binary electrolyte solutions.
The total ion adsorption capacity of the electrode
remains the same with and without the

nanocomposite coating. However, the MCDI reactor
demonstrates selectivity towards trivalent cations
and anions over the monovalent cations and anions,
respectively.

+ + 4+ + + + + + +

Figure 1: Membrane capacitive deionization
process diagram

Table 1: General phosphate process water quality

Parameter Concentration Unit

Turbidity ~1.0 NTU

TDS ~40k mg/L

PO4* ~20k mg/L

S04* ~6k mg/L

Na* ~2k mg/L

REEs 1-2k mg/L
ACKNOWLEDGEMENTS

This research is part of the Florida Industrial and
Phosphate Research (FIPR) Institute projects.

REFERENCES

1. Zhang et al., “The ultimate mineral processing
challenge: Recovery of rare earths, phosphorus
and uranium from Florida phosphatic clay’,
Minerals & Metallurgical Processing, 34, 183-
188, 2017.

2. Kim et al., “Selective Removal of Calcium lons
from Water Using Target-ion Specific Capacitive
Deionization”, Water Research, 160, 445-453,
2019.

245 UKC 2023



An Electrical Heating Technique for Environmentally Friendly
Winter Maintenance of Transportation Infrastructure

Rajesh Chakraborty'!, Ramita Mohapoo', In-Hyouk Song?, Han-Jin Oh?, Jung Heum Yeon'
"Texas State University, 2Seoul Institute of Technology

l. Introduction

Ensuring drivers’ safety has been one of the
most critical issues facing our society. According to
the nation’s icy road accident statistics by the
USDOT Federal Highway Administration, the icy
road fatality count is 3.6 times the total deaths from
all other weather hazards.

Considering the issues with the current winter
road maintenance, this study developed an eco-
friendly solution to snow and ice removal using an
electrical heating technique. This idea will provide a
promising solution for enhanced winter road
maintenance of roadway/airport runways, improved
public safety, and substantial social cost savings.

Il. Experimental Program

A. Materials

To formulate an electrically conductive concrete
mixture, unsized chopped carbon fibers, multi-
walled carbon nanotubes, fiber dispersing agent,
conductivity-enhancing agent, air-entraining agent,
and high-range water reducer were used at
specified mixture proportions in addition to cement,
water, and coarse and fine aggregates.

B. Test specimens

A 55 cm wide, 55 cm long, and 25 cm thick
concrete slab was cast, of which only the top 5.5
cm was cast with the conductive concrete while the
rest 19.5 cm was cast with normal concrete. Four
sides of the specimen were insulated with 5 cm-
thick foam boards to minimize heat loss. Two #3
rebars were embedded at a distance of 30 cm as
electrodes. Thermocouples were installed at
various locations to measure the temperature rises.
The specimen was treated at -5°C before testing.

C. Equipment and operation scheme

A 4 kW-capacity AC power supply was used to
power the slab. The power density of 1,200 W/m?
was maintained throughout the heating test to heat

the slab surface by 20°C in 2 hours of power supply.

Ill. Results

Figure 1 shows the surface temperature rise in
the middle between the electrodes. About 20°C
temperature increase in 2 hours was observed.
Much more pronounced temperature rises were
noted above the electrodes. Figure 2 illustrates the
surface temperature profile measured by an
infrared camera at 2 hours of testing.
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Figure 1: Surface temperature rise in the middle
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Figure 2: Surface temperature profile by IR camera
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Pathways to a Just Transition: Bridging Regional Inequality of Clean

Energy through Hydrogen

Gina Yeonkyeong Park
Department of City and Regional Planning, Cornell University

I. SUMMARY

The United States have regional inequality problem
in clean energy development. The Great Plain States
have the largest carbon emissions from electricity
production, while most disadvantaged communities
are located (Figure 1). To enhance energy justice,

until the efficient and affordable hydrogen o ver
technology is developed in the short run, Liquified o | w“;
Natural Gas (LNG) can be imported and stored at Y RO ek
LNG ports with some modification to meet the 8. [~ 1 ?'° s 2 -1
increasing electricity demand. In the long run, with T 0 3 il -
the great hydrogen potential from dominant Figure 2: Spatial Distribution of LNG Ports and
renewable resources (e.g., Wind, Solar) in the Great Hydrogen Charging Stations by Existing Regulation
Plain States, green hydrogen can be produced under and Incentives

long-term investment driven by local incentives and

subsidies. Hydrogen Potential From Dominant Renewable Resources

Il. RESULT

Regional energy disparities in electricity generation
can be reduced by implementing two strategies. First,
before renewable energy plants become fully
operational, hydrogen can be imported, stored
underground, and distributed through existing
Liquified Natural Gas (LNG) ports (Figure 2) after
modification as a short-term strategy. Secondly, in
the long run, green hydrogen can be produced in the
Great Plain States, which have the greatest é;\ o

geographical potential (Figure 3) for hydrogen '“D ‘ - )
production using wind and photovoltaic sources, e ==t o
making it more cost effective and carbon efficient. Figure 3: Distribution of Green Hydrogen Potential
lil. ILLUSTRATIONS ACKNOWLEDGEMENT

This research was sponsored by Cornell Program in
Infrastructure Policy (CPIP).

REFERENCES
1. Chen, P. S. L, Fan, H., Enshaei, H., Zhang, W.,
Shi, W., Abdussamie, N., ... & Yang, Z. (2023).
A review on ports’ readiness to facilitate
international  hydrogen trade. International
Journal of Hydrogen Energy.
" 5 2. Vichos, E., Sifakis, N., & Tsoutsos, T. (2022).
Figure 1: Distribution of Disadvantaged Challenges of integrating hydrogen energy

Communities at the Census Tract Level Defined by storage systems into nearly zero-energy
US Department of Energy (2022) ports. Energy, 241, 122878.

247 UKC 2023



[SEED2023] Development of On-site Quality Management System for
Asphalt Pavement Using loT

Dong Hyuk Kim'

"University of Georgia

I. SUMMARY

Asphalt pavement quality can deteriorate due to
problems such as temperature and compaction at
the construction site[1]. However, accurate and
dense evaluation of temperature and compaction is
not possible with existing quality management
systems. Therefore, it was developed that the
technology to match blueprint information and on-
site smart sensing information using loT(Internet of
things) as shown in Figure 1. Table 1 shows the
sensors and devices attached to each equipment.
The developed technology can precisely link
blueprint information and RTK(Real-time kinematic
positioning) GNSS(Global navigation satellite
system) information to find out precise location
information of each equipment. In addition, the
smart sensor attached to the equipment can
measure the temperature and compaction of the
asphalt pavement in real time and transmits the
data to the LTE(Long term evolution) module. The
transmitted data can be analyzed on the platform
and delivered to field supervisors and operators.
Currently, this system is being pilot-applied in Korea,
and commercialization research is planned in the
future.

Operation
k! Instructions
JAVELTEY

Y Testbed
Verification

“‘%.

IoT Module

IoT Asphalt
Pavement

loT Asphait
Pavement Quality
Construction Control System

Control System

Figure 1: On-site Quality Management System for
Asphalt Pavement

Table 1: Sensors and Devices attached to Each
Equipment

Equipment Sensors and Devices

Infrared Camera
Monitor
Integrated Board
RTK GNSS

LTE Module
Climate Sensor
Beacon
Accelerometer Sensor
RTK GNSS

LTE Module
Monitor

Analysis Board
Infrared Sensor
GPR Sensor
RTK GNSS
Range Sensor

Asphalt Paver

Compaction
Roller

Compaction
Test
Equipment
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Multifunctional Flexible Sensor for Temperature and Strain Detection
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'University of Cen