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Integrative Network Modelling Identifies New Effective Combination
Therapies for Breast Cancer
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Aberrant FGFR4 overexpression is a potential therapeutic target for many cancer types, including
triple negative breast cancer (TNBC). However, resistance to single-agent therapy directed at FGFR4
remains a major challenge, prompting the need to identify more effective combinatorial therapeutic
strategies. Here, we employed an integrative computational network modelling and experimental
validation to characterise the dynamic remodelling of the FGFR4 signalling network to targeted
FGFR4 inhibition in TNBC cells. We found that AKT, a major oncogenic kinase downstream of FGFR4,
displayed a rapid and potent reactivation following FGFR inhibition in MDA-MB-453 TNBC cells.
Through an intensive model-based simulation, analysis of multiple combination strategies directed

at the network nodes and rational prioritisation, we predicted strong synergistic anti-tumour effects



by co-targeting FGFR4 with specific ErbB receptors or AKT, but not with the MAPK kinase pathway.
These model predictions were subsequently corroborated experimentally. Further, incorporation of
protein expression data from hundreds of cancer cell types enabled us to customize our model to
other cancer cells, which predicted that while AKT rebound occurs frequently, ERK signalling
rebounds instead in a subset of cell types, including the FGFR4-driven HCC cell line Hep3B. This
prediction was also confirmed experimentally, highlighting the remarkable plasticity of network
behaviour and the impact of protein expression heterogeneity on drug response. Our findings have
provided novel insights into the dynamics and heterogeneity of drug-induced network remodelling
in tumour cells and identified promising combination treatment strategies for precision treatment of
FGFR4-driven cancer.
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CryoEM is the emerging structural analysis method that enables determining three-dimensional
protein structure. Differing from x-ray crystallography, sub nano-structural information can be
obtained in its native form in cryoEM. Many challenging problems on disease mechanisms and the
important biological process can be investigated by using cryoEM. In this presentation, two
applications of cryoEM will be introduced with an example research project.

First, Single Particle Analysis (SPA) is a classical high-resolution 3D structure determining method.
The 3D structure of mutant human Huntingtin protein was determined by using SPA. Huntington's
disease (HD), an inheriting neuronal disease, is developed by extensive polyglutamine in the N-
terminus of Huntingtin. The structural differences between mutant- and, wild- huntingtin was
analyzed and provided a possible explanation for the pathogenesis of HD.

Second, cryoEM can be applicable for the characterization of viral/non-viral vectors used for gene

therapy. The gene therapy drug development process, the effectiveness of a drug, and the stability



of drug product can be evaluated by using cryoTEM effectively.
This presentation revealed that cryoEM is useful for both traditional protein structural study and

helping gene therapy drug development and characterization.
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Next generation metabolite profiling for human disease research
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Metabolomics has built a rich history for the analysis of small biomolecules which represent
‘metabolite profiles’ in biofluid, cell and tissue extracts. Since metabolites provide the phenotypic
outcome of gene expression or metabolic activity of a cell or organism, global metabolite profiling
can give a rapid snapshot of the cell physiology and provide insight into relationships between
genotype and phenotype. Therefore, these metabolic profiles have been increasingly used in
applications for various human disease. Here, I present examples of a next generation tissue and
single cell metabolite profiling using LC-MS, 3 OrbiSIMS and LESA-MS/MS. One of the examples is
untargeted metabolite profiling of formalin-fixed paraffin-embedded (FFPE) paediatric
ependymoma tissues. In this particular application, we were successfully able to identify key
metabolites and corresponding pathways predictive of tumour relapse in paediatric ependymoma.
In addition, I also present single cell metabolomics technique to overcome the limitations of the
conventional tools. The technique was applied to obtain useful insight into the metabolome from

‘individual’ cells after in vitro differentiation into naive, M1 and M2 macrophages with different



cytokines. This analysis strategy not only requires less sample but allows the study of cell-to-cell
variance. Key characteristic metabolites for each macrophage subset were identified using a
targeted approach and data driven multivariate analysis, highlighting a variety of small biomolecules.
Altogether, this next generation mass spectrometry strategy has shown to be a versatile tool to

perform metabolite profiling on sample-limited tissue archives and single cell.
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Fluorescence polarization, CRISPR system for COVID-19 diagnosis
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Prompt diagnosis, patient isolation, and contact tracing are key measures to contain the
coronavirus disease 2019 (COVID-19). Molecular tests are the current gold standard for COVID-19
detection, but are carried out at central laboratories, delaying treatment and decision-making. Here,
we describe a portable system for rapid, on-site COVID-19 diagnosis. Termed CODA (CRISPR Optical
Detection of Anisotropy), the method fulfills "all-in-one’ assay, combining isothermal nucleic acid
amplification, CRISPR/Cas12a activation, and signal generation in one-step, one-temperature, and
one-pot. Importantly, signal detection relies on the ratiometric measurement of fluorescent
anisotropy, which allows CODA to achieve high signal-to-noise ratio. For point-of-care operation,
we built a compact, standalone CODA device integrating optoelectronics, an embedded heater, and
a microcontroller for data processing. The developed system completes SARS-CoV-2 RNA detection
within 20 min upon sample loading; the limit of detection was 3 copy/uL. When applied to clinical
samples (2 = 20), CODA test accurately classified COVID-19 status in concordance with the results

from clinics.
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Emerging of small molecules inducing targeted protein degradation (TPD)

as a novel therapeutic modality
OF2-E A|uo] ofatrfist

ghat2 / Kwang-Su Park

2% (PROTAC) olztx &= A&A 7|4 99 F5 7]& (TPD technology)o]
AT M2 AaA 2EdEz 2Ty gy, SAE J5 7]so] S22 Fokl
LYTAC, AUTAC 12]1 hydrophobic tag S 4 %2 SGA 7|25 AAH e
Uk 7189 AZA XaAE2 odE A=Y, dE AFAY 221 undruggable
A 2A 5o 4isiA FAES Holi Y= ¥ TWA Fif Va2 o ARES
2t 2 Qe Ve EYRdsUt. A Z2E 95 5

HslH oz 9] 7|0l 2 Fo% XA 2EH F shurt 2 Aoz i
: RS S0l o Zle9 ¥ JIXIE AVfstar ez ol W
A= =9] iR gyt

i)

U | W A A =
L oo de JE o o

[o)

Since Proteolysis Targeting Chimeras (PROTACSs) has emerged, various approaches
including Lysosome Targeting Chimeras (LYTACs), autophagy-targeting chimera
(AUTAC) and hydrophobic tag have been tried to achieve the degradation of targeted
proteins. Those protein degradation technologies have been increased an interest,
owing to potential advantages over conventional inhibitors with respect to off-target
effect, drug-resistance and targeting undruggable targets. Considering the clinical
stage of the leading PROTAC, which is in clinical stage III, this technology will be the
promising approach for crossing the hurdles of present drug discovery. Here, [ would

like to share the concept of this technologies and potential future applications.
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Glucose alters mechanotypes of human breast cancer cells
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The mechanical properties, or mechanotypes, of cells are largely determined
by its deformability and contractility. The ability of cancer cells to deform and
generate contractile force is critical in multiple steps of metastasis. During metastasis,

cancer cells experience a variety of soluble cues such as oxygen, hormones, and



glucose with wide range of their concentrations. These soluble cues may act as a

regulator of cellular mechanical properties in cancer cells.

Previously, we have developed an innovative high-throughput whole cell
mechanotyping technique, called parallel microfiltration (PMF) assay. PMF enables
simultaneous measurements across hundreds of samples in a multiwell plate format
thus allows us to dissect multiple signaling pathways which may impact cell
mechanotypes. In this study, using PMF and other methods we show that human breast
cancer cells become stiffer and more contractile with increased extracellular glucose
levels (>5 mM) in a concentration-dependent manner. Those altered cell
mechanotypes are due to increased F-actin rearrangement and non-muscle myosin
II (NMII) activity. We identified RhoA-ROCK-NMII axis plays a major role in regulating
cell mechanotypes with high extracellular glucose levels, whereas calcium and myosin
light chain kinase (MYLK) are not required. The altered mechanotypes are also

associated with increased cell migration and invasion.
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Development and application of amino acid-nucleic acid hybrids (ANHs) as
New Biohybrid Materials
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g ofz} DNA stolHalc Sth2A 943 24 2T At Hold Fu) 452 1
E4 DNA 223432 et =o] ofuliedt A71S ZATstA AMe] 193 S4L
sHiA olal7bal 7152 A7HE 4 9itke Aol AQkstel ANH ¥4-2 DNA Qetojz
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OB S(ANH)| &4, 247t X S8 thsl ostein Ft.

Chemical modifications on innate nucleic acids with a functional moiety can

do R

0l

significantly improve their features and give an opportunity for expanding diversity of
biomolecules. We are exploring the potential of DNA through a systematic modular
strategy for chemical modification of oligonucleotides. Very recently, we have
established a modular approach to incorporate various functional moieties into DNA
oligonucleotides via an acyclic D-threoninol linker. By using this modular strategy, we
have devised a family of unique biohybrid molecules that we termed amino acid-
nucleic acid hybrids (ANHs). Histidine-containing DNAs showed superb metal-binding
ability and excellent catalytic performance in DNA-based asymmetric catalysis as well
as 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) oxidation reactions.
The incorporation of amino acid residues into DNA oligonucleotides endows new
functions without disrupting the intrinsic features of nucleic acids. These results
encouraged us to exploit ANH molecules as DNA aptamers.

In this talk, I will introduce the synthesis, characterization, and application of
versatile biohybrid materials, amino acid —nucleic acid hybrids (ANHs).
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Design of Artificial Intelligence model using evolution algorithm
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ATAsol EOHE AEAs 222 AAstks Ao teiA ZZol siAlY AN B2 THe
7M1 A2 Qlet. o]t 7]4-& A7 of7|=x| ZM(Neural Architecture Search, NAS)o|2iL
Beh NASE #ske  7|&E2: Jo%5(Reinforcement Learning) ¥ XIS}
¢112}5{Evolutionary Algorithm), 37 & 7FX|7F EAfjgict. 2 U= NASY| 7|22, 53
st gvalzo] ofs] HYsta, NAS 71&53ol thsiA A7istuat Fuct.

Recently, a lot of interest has been studied in academia and industry about Al
designing another Al model. This technique is called Neural Architecture Search (NAS).
There are two major technologies for implementing NAS: reinforcement learning and
evolutionary algorithms. In this webinar, we would like to explain the basic principles

of NAS, especially the evolutionary algorithm, and introduce NAS technology trends.
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The importance of microfluidics towards advances in [llumina sequencing
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[llumina’s Next-Generation Sequencing (NGS) technology has been widely adopted
in the last few decades for numerous applications from research to clinical, ranging
from several to billions of bases. NGS offers massively parallel data collection that
enables genome, transcriptome, or metagenome sequencing to be performed with a
single instrument at a cost of less than $100 per genome. To further increase the
sequencing speed and reduce the cost, the more efficient chemistry and the faster
imaging would be required as much as the fast fluidics. llumina’s NGS technology
consists of hundreds of repeated cycles of up to 20 different reagents delivered to the
flow cell where incubation and imaging take place. In typical, the fluidic time is
responsible for about 20-30% of the total sequencing run time. Fluidics not only
impacts on sequencing time but also administrates the cost, where 90% of the total
sequencing run cost comes from the expensive sequencing reagents. Precise and
reproducible delivery of reagents will greatly reduce the required volume of reagents.
Illumina’s NGS instruments deal with all reagent flow in the microfluidics regime in
nature, which enables the manipulation of liquid at extremely small volumes. We will
review the latest [llumina’s efforts in developing more advanced microfluidic functions,

enabling $10 per genome in the future.
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Hemodynamics driven thrombosis and blood damage
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As a fluid, blood circulates inside a body and transports oxygen and nutrient. During circulation,
blood reacts to different vessels and fluid mechanical conditions, sometimes leading to pathological
conditions. Shear rate is well-known fluid mechanical parameter that affects atherosclerotic plaque
development, acute thrombosis that leads to stroke and heart attack, and hemolysis. Acute arterial
thrombosis is a pathological condition where a blood clot forms in a stenotic artery. The clot can
interrupt or even stop the blood flow once the clot becomes occlusive. Occlusive arterial thrombosis
in a carotid or coronary artery can result in an ischemic stroke or myocardial infarction, which are
the leading causes of death worldwide. Arterial thrombosis is caused by white clots which are
different than the typical red clots which we observe when we had a skin wound. The red clot is
mostly red blood cells where the white clot is composed of platelets. Ultra-long protein, von

Willebrand Factor (VWF) plays a critical role to aggregate a large number of platelets and making



occlusive thrombus. VWF changes its morphology under a high shear rate from globular form to
elongated form which has more binding cites for platelets to adhere to. Adhered platelets release
VWEF and this becomes a feedback loop and rapid process, which results in an occlusive blood clot
formation in under an hour and cessation of the blood flow in the arteries. Shear rate or shear stress
is important for hemolysis as well. High molecular weight polymer has been thought to be an intact
substance, but it become known that high molecular weight polymer can induce thrombosis and
hemolysis under different shear rate conditions. This can become a new criterion for novel drug

development.
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A5t A1 A8 microfluidics 7iE
Microfluidics for Biology and Beyond

University of Leeds, Leeds, United Kingdom
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A KRS 75k 24 5382 FHsto W2 29| upo|uFAE FHet T4 U2 Ho
FUct o] A2 Wi BF ELISA Bt ¥R o uztshA (10° uf) ¢ vloloupro] ExiE

L3]= ®35t P4 An]7d o2 (epi-fluorescence microscope) C. elegans oA %= 35zt L3-S
Al BEE & Q= A FHsS UAlRAl RS 7SSy T[6] $2= ASHLZ}F ASHR Ato]9]
ot Aol gigh ¥Hg-S F7Iskithe o 7HdS SWAlsh: A¥A SAE
AAI U

I present a microfluidic technology to probe the specific activity of protein expressed by single cells
by simultaneously monitoring the amount of expressed protein and its enzymatic activity.[1] This
approach allows the analysis of cells that were exposed to identical environmental condition. The
permeability of the device material, poly-dimethylsiloxane, can be exploited to deliver hormone-like
small molecules to droplets encapsulating cells.[2, 3] This capability enables the study of the
response of individual cells to different regulators by deliberately changing the chemical

environment of droplets. In further miniaturization the study of much smaller individual species was



made possible by single molecule fluorescence detection in microfluidic system. This study has
enabled us to detect and characterise single biological molecules.[4, 5] To this end I have performed
single molecule FRET measurement and shown that the time-dependent kinetics of conformational
change (unfolding/refolding) of proteins can be followed by encapsulating protein molecules in
droplets of denaturant. A microfluidic immunoassay will be discussed, which enabled quantification
of a very low abundance biomarker by the ability of a droplet assay to directly count individual
enzyme molecules in a bead-based antibody binding assay. This approach is able to identify the
presence of a cancer biomarker significantly more sensitively than the standard ELISA.[4] We also
develop a rotatable microfluidic device that enables us to observe bilateral chemosensory neurons
simultaneously in C. elegans with an epi-fluorescence microscope.[6] We present experimental
evidence in support of the long-standing hypothesis that the gap junctional coupling between ASHL

and ASHR synchronises their responses to noxious stimuli.
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Neuronal Excitability of Fear Extinction Engram regulates the Formation

and the Expression of Extinction Memory.

The Hospital for Sick Children, Toronto, Canada
gt @/ Sung Mo Park

ABAMIZO E7782 7192 AASH= A o] Zasithy FFgoH, o] ALs
ol FSASR WH(Optogenetics)e olgatol, 71ole] Fyut wAS 53 T 2 Ut
+ A2 5. §35], 327 WHste H FH= 4 AN, 254 A9
2 A8 AFZARE0] 79SS AT 4+ Jdoy, I AFA 252 Fear Engrame s &
Art. oY A RA = ZFx7|A AAH2t EB2]= Fear Extinction 0] oJ27| Fear Engram
S WSIA|7]|=A], 22]1 Fear Engram?] AlA&AH-E& ZRASHH, o] ARLAXH 7]Ad
W3o] 2-EL = A] AMHQIt). Fear Extinctiono] &St oA A2 A7 A|HA9Q] ofF
FFAALS "B stk wela], o]2]st AWM A kg3 Ato] Engram Neurons®] EH4ap o
A=Al 9JF stRaL, FRAsIAle R Fear Engram®| A7 #7443 ZETH, oA
FAE Zmy)odo]l oA AP & Zolgt 7159t E3E, Fear Extinction2 Fear
TrainingX| =, tt2 FEjQ] Training©C 2 QlAlo] Eloj@ 11 7] m&9, Fear Extinction

Trainingo| T2 AIZAN|EZEE o] L5}, Extinction MemoryS A5t Host= XS
At H okt A LtAyE 55, Extinction Training2 Extinction Engram-g& 3 AJstc}. st
= J§AI7T HIAEE WE O], Fear Engrami} Extinction Engramo] A& 73R4s5t= 7
WAYs19 T} Yozt Fear Engramit Extinction Engram & 742 M43 /AHAE Zh=r} ®
gF, Engram?] Al7d35 842 RA5IH, Extinction Engram o] tt2 Fear Engram© & H}
4 & o} o] A=, Engramo] MAREO] 7}5stn, £ 719d] tis] §4 AIGAIx
=%0] Engramo] &&= 7 oyt 23 Helh

o o>
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Neuronal excitability is a critical key to encode a memory. Previously we found that
the optogenetically manipulating neuronal excitability can regulate memory formation
and expression. Specifically, in the lateral amygdala (LA) which is known as the core
brain region for fear memory, randomly selected LA neurons can encode a memory,
and they are called fear engram. In this study, I investigated how fear engram changes
and if manipulating the neuronal activity of fear engram can also control memory
expression after fear extinction. It has been known that fear extinction is to reduce or
suppress/inhibit the expression of fear memory. In the previous researches on fear

extinction in the LA, it has been reported that synaptic strength was weakened. Thus,



I questioned the weakened synaptic connections are involved in the activity of engram
neurons. I hypothesized that optogenetic excitation of fear engram is able to retrieve
an original fear memory after fear extinction. In addition, fear extinction has been
considered as another training. Therefore, in the aspect of fear extinction training, I
examined if fear extinction training also recruits a different neuronal population from
fear engram neurons. Through this research, I found extinction training forms
extinction engram with distinct neurons from fear engram. When mice were tested for
fear or extinction memory, two different engram competes each other to express the
memory. Furthermore, these two engram didn't show different properties. Also,
extinction engram can be another fear engram by regulating neuronal excitability of
engram. Our results pointed out that engram is reusable and there was no specific

engram for especial memory.
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Sleep has been known to contribute to brain plasticity and consolidation of both declarative and
nondeclarative/motor memories. Declarative memory is defined as our capacity to acquire and
recollect facts and events, while motor memory is described as our ability to acquire a variety of
skills, including motor skills such as shoe lacing or playing a musical instrument. A large body of
studies has proposed the roles of sleep oscillations for declarative memories. Yet, direct evidence
for the neural basis is lacking for motor memory systems. My recent studies have focused on motor
memory processing to understand a sleep-dependent mechanism using multi-scale in vivo
electrophysiology as well as state-of-the-art techniques such as brain-machine interface and
reach-to-grasp tasks developed by our lab at UCSF. My presentation will introduce important
discoveries for intra-cortical, inter-cortical, and subcortical-cortical memory processing during
sleep as well as foresight and directions for my future research.

There will be three parts about the ground findings during my post-doc research. 1. Sleep slow-
oscillations (SO) and delta-waves (6-waves) have dissociable and competing roles in memory
“consolidation” versus “forgetting” during NREM sleep (Kim et al., CelZ], 2019). 2. Applications of the
novel SO-§ distinction for the recovery processing after brain injury, i.e., stroke (Kim et al., Cell Rep.,
2022). 3. Two-stage role of hippocampal sharp-wave ripples in motor memory consolidation and

cortical manifold learning (Kim et al., under revision).
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Cell competition, a fitness sensing process is essential for tissue homeostasis.
Employing cancer metastatic latency models, we show that cell competition results in
displacement of latent metastatic (Lat-M) cells from the primary tumor. Lat-M cells
resist anoikis and survive as residual metastatic disease. Remodelled extracellular
matrix facilitates Lat-M cell displacement and survival in circulation. Disrupting cell
competition dynamics by depleting SPARC reduced displacement from orthotopic
tumors and attenuated metastases. In contrast, depletion of SPARC post-
extravasation in lung resident Lat-M cells increased metastatic outgrowth.
Furthermore, multi-regional transcriptomic analyses of matched primary tumors and
metachronous metastases from kidney cancer patients identified tumor subclones
with latent metastatic traits. Kidney cancer enriched for these latent metastatic traits
had rapid onset of metachronous metastases and significantly reduced disease-free
survival. Thus, an unexpected consequence of cell competition is displacement of cells

with latent metastatic potential, thereby shaping metastatic latency and relapse.
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A study on the efficient ammonia reduction method in the recirculating
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aquaculture system
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The recirculating aquaculture system (RAS) is a system that improves the efficiency
of water resources by reusing the water after filtration rather than draining the used
water to the outside. In the RAS, aquaculture animals consume oxygen and excrete
carbon dioxide and ammonia to the ambient after feeding and/or exercise. Therefore,
replenishing oxygen and removing increased carbon dioxide and ammonia is the
essential technology of the RAS. Using commercial graded oxygen and air-bubbling
(degassing), decreased oxygen (hypoxia) and increased carbon dioxide (hypercapnia)
can be supplemented and removed. Ammonia removal, however, is required
additional procedures such as aerobic or anaerobic bacteria cultivation or degassing
ammonia by converting ionized ammonia into gaseous ammonia using pH parameters.
Also, these complicated procedures cannot be quantitatively analyzed due to technical
limitations for measuring real-time ammonia concentration and unstable chemical

structures of ammonia (NH,", NHs;, NO;, NO,); as a result, the RAS requires excessive



investment in facilities, leading to the lower economic feasibility of RAS. In this
proposal, therefore, I would like to test various ammonia removal procedures with
other respiratory gases (oxygen and carbon dioxide) using quantitative analysis to

suggest minimal but economic ammonia removal procedures in the RAS system.
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Heterogeneously Integrated CMOS Platform for Physiological Monitoring & Opto-electrical
Communications:

. Cell-scale implants (~1 nanoliter) for in vivo physiological recording

. CMOS-integration of III-V and 2-Dimensional (2D) materials and

. Low power circuit designs (~1 nW) for efficient opto-electrical power harvesting and
communication

Keywords: Bioelectronics / Neural Recording / CMOS-integration / Low Power Circuits /

Optoelectronics
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Autonomous Microsystems Based on Heterogeneously Integrated CMOS for

Biological Big Data

Cornell University
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Minimally invasive and chronic physiological monitoring can provide an effective means of disease
prevention and early detection while the cumulative big data can unveil hidden patterns in our
physiology. Yet, current physiological monitoring tools are often bulky, invasive, and expensive,
limiting their sensitivity and applicability. In this talk, I will discuss autonomous microsystems based
on heterogeneously integrated CMOS, a platform on which ideal physiological sensors and actuators
can be built.

A micro-scale optoelectronically transduced electrode (MOTE), an exemplary microsystem I have
designed and built for tetherless neural recording, is powered and communicates optically through
a vertically integrated AlGaAs micro-scale light emitting diode (uULED), eliminating the needs for a
battery or a RF coil; the MOTE is smaller than a human hair (~60 pm X 30 ym X 330 pm) and weighs



about one 1 g (cf. a grain of sand is about 670 pg). I will review the unique challenges and
considerations in developing such heterogeneous systems in terms of device fabrication, circuit
design, integration, and handling/manipulation. While the MOTE is designed for neural recording,
its design methodologies can also be used to monitor other physiological parameters such as
temperature, pH, glucose-level, etc. Future autonomous microsystems with expanded modalities,
interfaced with existing wearables, can bring about the biological big data that will help enable
personalized healthcare and add a new dimension to epidemiological and aging studies.
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Organic Semincoducting Materials and Their Applications for the Next

Generation Electronics

University of lllinois at Urbana-Champaign
0]%-% /Jong-Hoon Lee
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Organic semiconducting materials have received a great attention for the next
generation electronics because of their various advantages such as diversity in design
of chemical structures, printability, mechanical flexibility. However, their low
performance and poor stability compared to those of inorganic materials need to be
solved for their application for the next generation electronics. In this presentation,
various research results show the potential of organic materials to be used as
components in electroncs such as transparent electrode, interfacial layer, photoactive
layer, and gas barrier film, and their various applicability such as energy conversion
devices and hydrogen production. In particular, the importance and roles of organic
materials in electronics are also shown through the following research works; 1)
organic conducting/semiconducting materials for organic photovoltaics, such as
graphene, conducting polymer, conjugated electrolytes, 2) organic photovoltaics for
harvesting indoor light energy, 3) hydrogen evolution using organic or perovskite

solar cell based photocathode.
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Hybrid Classical and Quantum Machine Learning Algorithms
g2 tjjgtwl University of Waterloo
749 /Kim, Na Young
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The first quantum revolution in the 20" century has transformed our lifestyles
remarkably with triumphant scientific discoveries, original and powerful inventions,
and advanced technologies. Now we are thrilled to be at the heart of Quantum
Revolution 2.0, witnessing the incredible progress in quantum science and technology
such as quantum computers, quantum communications, and quantum sensors. Our
group has been pursuing theoretical and experimental research activities to develop
solid-state quantum technologies via the control of the light-matter interactions and
electronic properties. Recently, we are interested in developing hybrid classical and
quantum machine learning algorithms with a focus on efficient optimization
applications. We would like to pursue extensive studies of these algorithms and apply

them to practical problems to assess their performance for further development.
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Direct Observations of Self-Assembled Water Chains and their Coil-to-

Bridge Transitions

Boise State University
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I report the discovery of self-assembled water chains and their transitions from a
coil state to a bridge state in a nanoscopic water meniscus in air [1,2,3]. Large
sawtooth-like oscillatory forces were shown when the normal and friction forces were
measured as a function of distance between a sharp probe and a flat oxidized silicon
surfaces using a force-feedback force microscope called “cantilever-based optical
interfacial force microscope” (COIFM) [4,5,6]. In the force-distance plot, each
oscillation is comprised of a rising-shaped ()) curve in the upward portion and a
sigmoidal-shaped (J) curve in the downward portion as the tip-sample distance
decreases [2,3]. Further analysis of each upward portion with the freely jointed chain
(FJC) model reveals that each portion is developed from self-assembled water chains
with lengths ranging from 14 to 42 chain units in the meniscus [3]. The analysis of
downward portions reveals that each portion is generated by a “coil-to-bridge”
transition of self-assembled water chains, whose lengths are between 197 and 383
chain units [2]. The observed coil-to-bridge transitions explain many mysterious
properties of confined water at the nanometer scale (e.g. long condensation distances,
long nucleation timescale, etc.), thus dramatically improving the understanding of a

variety of water systems in nature.
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Key Material Limitations and Challenges Towards Sustainable Silicon PV

Manufacturing at the Terawatt Scale
UNSW Sydney, Australia
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The widespread development and deployment of photovoltaic (PV) technologies has been so
successful, that PV now provides the cheapest form of new electricity. This has greatly expanded PV
applications beyond just providing electricity, to also be considered as a lower-cost option for other
sectors including transportation and heating. On the path to net-zero emission by 2050 with 15-60
TW of cumulative installed capacity, the annual production capacity could increase from ~150 GW
in 2020 to greater than 1 TW by 2030. This raises concerns for the deployment of PV across the value
chain, from scarce elements like silver, used for the metal contacts of industrial solar cells, to
abundant materials like silicon, aluminium, steel, glass and concrete, not only for supply chain and
demand issues, but also the emissions generated while refining the raw materials and manufacturing
solar panels. This talk will discuss the critical materials of concern for current and future PV
deployment and highlight several areas of innovation that could help to ease the impending burden
of the materials used today, which is critical to continue progress in reducing CO, emissions. We also
discuss the unique opportunity for futuristic two-terminal tandem devices to reduce silver

consumption well below that of PERC.
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Smart windows for eco-buildings by plasmonic semiconductor nanocrystals
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Localized surface plasmon resonance (LSPR) in metal nanoparticles permits strong
light absorption and near-field enhancement within the visible wavelengths
(400~700nm). Recently, it was found that degenerately doped semiconductor
nanocrystals could also host LSPR with their mobile charge careers. Unlike in metals,
the largely variable career density in semiconductors (10'®-10%/cm®) extends the
accessible spectral range of LSPR across the entire infrared (IR) region (700~100000nm)
where solar energy is abundant, information is communicated, molecular vibrations
are resonant, and biological tissues are transparent. We present how compositional
and structural attributes of various semiconductor materials influence the LSPR
properties that are distinguished from LSPR in metals. For instance, dopant species
and their localization within a nanocrystal strongly impact the resonance band and its
spectral line shape. Also, charge insertion and extraction by electrochemical route
enable post-synthetic modulation of LSPR in nanocrystal films. We demonstrate
application of this widely tunable LSPR for energy-saving dual-band smart windows

that can selectively tailor the visible and IR solar transmissions.
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semiconductors, IC, and packaging

Fraunhofer Heinrich-Hertz Institute, Berlin, Germany
)&%t / Jung Han Choi

12251 Heinrich-Hertz H3t4 (05}, HHI dt4)= 19284 7[¥ola] 2022 X 94yio] =
melesno] dEdY A7aduch mEes® A7 Age @K 7Y AFsz 7Aol
Solglon, HHI A74L /g tEAY 4349 d7aduch HHl d740) dasgl 7142As
H.264/H.265/H.266 @}to]XA] 9 worldwide Al 50} Top 20 Research institutionQUt}. E£3t TRL1 -
TRL 99] o]2& JYI=A| R&BD 7|&2 7MKL glon, FFAl =of Al NAAQI top-tier
leading company5-ofl JYEAIE A FEstL syt SQU oY AEUIS 52t data traffic
%, 2 bit & 17]9] bite HHI 74004 Akt vteale S S/, HHI d740] BS54
O YReA| At 71 2 A4 capapeity S UEH AL JASUT

obZg, FEAl BI=A AR fLeS AT 2uE WIEA] ICE Si 7]eS 7INE EE St
Qauch olo] g A7) ¥ 97 AL Ak, TE AT JRY WY HopE Lmstes
stAsUS 22 AAAIR R 56 H 6Gol| tigt A7t w43 F7IlsU. A2 gt 7|3E &%t
mmWave % Sub-Thz Zu}3: o} R&D Z2AES £33 Fo] g&uck old] ot 474 3
gl oista 34 wet o2 i) gig A7 E sHlsU:

Fraunhofer Heinrich-Hertz Institute (HHI) is located in the capital city, Berlin, of Germany. Since
HHI had opened in 1928 during the Second World War, it has a 94" birthday in 2022. In 2022,
Fraunnofer-Gesellschaft (Fraunhofer Foundation) consists of 76 different institutes, and the HHI is
considered one of the most successful Fraunhofer institute ever in terms of reaearch achievements,
e.g. H.264/265/266 licenses, and world-wide Top 20 rearch institutions. In addition, the HHI is
capable of producing optical components using InP semiconductor materials and sells the
manufactured optical components to the top-tier optical communication companies in the world.
According to the internal statistics, about 50 % of the internet traffic bits touch the optical
components manufactured by the HHI. It proves the core capabilities of the R&BD in optical
communications/sensing area, ranging from TRL-1 to TRL-9.

In addition, the high-speed Si IC for the optical communications will be presented, disucssing the
core competencies and international research collaboration interests. Lots of mmWave and THz
packaging activites are also under way to meet the greater demands both high-spped and lower

energy consumption in modules. Some R&D examples with Korea will be provied, since a few



interanational R&D projects in terms of beyond 5G or 6G between korean institutions and HHI have
successfully started in recent years. Also, HHI joins the student exchange program by Dongguk-
KAIST consortium supported by KIAT and growing interests on this program about semiconductor
R&D area will be adressed shortly.
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Development of Control Algorithm of Power Converters for

Electric Vehicle and Energy System applications

California State University, Fresno
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Lately, renewable and alternative energy sources have drawn attention of the both
media and consumers because it is not only pollution free of generating electricity,
but also easy to access with excellent wind and solar conditions in many areas. In
addition, in terms of automotive applications, Fuel Cell Vehicles(FCV), Hybrid Electric
Vehicles(HEV), and Plug-in-HEVs make significant progress in research and even
commercialization by improving of their fuel economy and producing of less
pollutants compared to conventional vehicles. However, since these energy systems
and Electric Vehicle(EV) systems have inherent control issues, e.g., solar and wind
systems have to consider maximizing the power outputs based upon the variable
inputs, and in electric vehicles systems (FCV,HEV and PHEV) control of the power
converters has to be considered for releasing and saving energy from the energy
storages during transients. Thus, in this presentation, control methods of power
converters for energy systems and EV applications are presented. The simulation
results based on PSIM, and Matlab/Simulink, and its experimental data for these power

converters will be shown and discussed.
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Overview of Recent ITER TBM Port Plug R&D Activities

ITER Organization
7199 / KIM Byoung Yoon
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A Tritium Breeding Blanket (TBB) ensuring tritium breeding self-sufficiency is a compulsory
element for a demonstration power reactor (DEMO), the next step after ITER. To achieve these
objectives, mock-ups of breeding blankets, called Test Blanket Modules (TBMs), are to be tested in
two ITER equatorial ports during the ITER operation campaign. Each TBM Port Plug (TBM-PP)
consists of a TBM-Frame and two TBM-Sets (or two Dummy-TBMs). Some required R&D activities
were identified during the design of TBM-Frame and Dummy-TBM. This paper summarizes the
achievements on the two most relevant R&D topics as described herewith. Several TBM-PP
components (i.e., back parts of the TBM-Frame, the Dummy-TBMs, and the TBM-Shields, and the
TBM feeding pipes) are part of the vacuum boundary implying that these components are Vacuum
Quality Classification (VQC) 1A. To test and develop high vacuum sealing for both the TBM-Frame



flange and the TBM-Set or Dummy-TBM flange, the ITER Large Seal Test Rig (LSTR), and metallic
gasket seals for the TBM application have been manufactured and installed in ITER site. The helium
leak tests were performed at different operating temperatures to investigate the vacuum
performance of metallic gasket seals with VQC 1A. The TBM-Frame design shall guarantee the
feasibility of a rapid replacement and refurbishment compatible with ITER Remote Handling (RH)
operations. Several replacements of the TBM-Sets and/or the Dummy-TBMSs are planned by using
RH tools in the Hot Cell Facility during the ITER lifetime. Therefore, an experimental program has
been performed to demonstrate the feasibility of the critical RH refurbishment tasks including the
insertion and removal of TBM-Set/Dummy-TBM and the RH bolting.
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Metrology for Battery R&D at the National Physical Laboratory
National Physical Laboratory
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Batteries are a key technology to achieve CO, reduction goals and for the integration
of renewables infrastructure in electric vehicles and the energy grid. As the UK's
National Measurement Institute, the National Physical Laboratory (NPL) is addressing
critical measurement challenges for the battery industry, spanning from raw materials
through service use to end-of-life. Working in collaboration with both academia and
industry, multidisciplinary methodologies and test standardization have been
established to support the development and commercialization of high energy density
batteries. In this presentation, key metrological techniques for battery research under
development at NPL will be introduced and their impact on acceleration of innovation
highlighted.
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Cybersecurity is one of the most important core technologies in the era of the 4th
Industrial Revolution. The research of assessing the security posture of various
systems and networks by performing cyberattacks has been used as a method to
improve cybersecurity. This presentation introduces an approach of cybersecurity
evaluation using Al technologies to automate cybersecurity evaluation which is
performed usually by a red team. I developed an attack automation technology called
HARMer and introduce the feasibility of HARMer in the Cloud environment. I will
introduce methods and research trends that can automatically 1) apply defense
technologies from the defender's point of view against cyberattacks, 2) evaluate the

level of security improvement and 3) enhance the applied defense technologies.
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Bayreuth University
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Digital Research Environment (DRE) for interdisciplinary research collaborations should embrace
diversities in many layers. At the same time, it should maintain consistency for sustainable and
efficient usage and maintenance. It is important for the system to be on the right boundaries between
these two seemingly opposite properties—diversity and consistency. In this presentation, the
diversities considered in DRE will be presented. Also the diversities in two different countries—

Germany and South Korea—will be compared, along with their pros and cons.
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Artificial Intelligence (Al) and Internet of Things (IoT) are very important technologies for the future
and recently there are a lot of research activities to combine Al and IoT, called AloT (Artificial
Intelligence of Things). Furthermore, data is becoming essential to support Al based solutions with
human interactions. Blockchain revolutionizes how transactions are recorded as a machine for
creating trust. In this regard, this talk introduces key concepts, features, and characteristics of the
new Internet (Web 3.0 and its vision as Internet of Value) considering emerging ICTs integrating AloT
and blockchain. From Web 3.0 research, many researchers have identified that there are security,
privacy and trust concerns to realize user-centric Internet platform. To cope with negative effects
of the new Internet, so called Web 3.0, environment for digital economy, it's necessary to address
trustworthy and decentralized platform. Therefore, from new economic paradigm for cyber spaces,
data ecosystem and its features, this talk introduces key challenges for realizing the decentralized

platform with trust technology and discuss next steps for future research.
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Immersive Audio-Visual 3D Scene Reproduction using a Single 360° Camera

School of Electronics & Computer Science at the University of Southampton, UK
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The COVID-19 pandemic has changed our lifestyle and caused high demand for remote
communication and experience, but current video conferencing systems do not meet basic
requirements for remote collaboration due to the lack of eye contact, gaze awareness and spatial
audio synchronisation. Reproduction of a real space as an audio-visual 3D model allows users to
remotely experience real-time interaction in real environments, thus it can be widely utilised in
various applications such as healthcare, teleconferencing, education, entertainments, etc. In this
talk, a simple and practical solution to estimate geometrical structure and acoustic properties of
general scenes allowing an immersive rendering of the scene to improve user experience in a virtual
space. This system will address three research questions: (1) How to reconstruct the complete 3D
scene geometry from a single 360 photo; (2) How to extract semantic audio and visual properties of

the scene; and (3) How to adaptively render plausible audio-visual experiences to users in real-time.
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Negative Samples are at Large: Leveraging Hard-distance Elastic Loss for
Re-identification
US Army Research Laboratory
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We present a Momentum Re-identification (MoRelD) framework that can leverage a very large
number of negative samples in training for general re-identification task. The design of this
framework is inspired by Momentum Contrast (MoCo), which uses a dictionary to store current and
past batches to build a large set of encoded samples. As we find it less effective to use past positive
samples which may be highly inconsistent to the encoded feature property formed with the current
positive samples, MoRelD is designed to use only a large number of negative samples stored in the
dictionary. However, if we train the model using the widely used Triplet loss that uses only one sample
to represent a set of positive/negative samples, it is hard to effectively leverage the enlarged set of
negative samples acquired by the MoRelD framework. To maximize the advantage of using the
scaled-up negative sample set, we newly introduce Hard-distance Elastic loss (HE loss), which is
capable of using more than one hard sample to represent a large number of samples. Our
experiments demonstrate that a large number of negative samples provided by MoRelD framework
can be utilized at full capacity only with the HE loss, achieving the state-of-the-art accuracy on three
re-ID benchmarks, VeRi-776, Market-1501, and VeRi-Wild.



31. &9Y3t (Oregon Health and Science University)

X

=

i)

=
=]
2008-2013

2002-2004

1998-2002

7éla4

=

2022-A

2015-22

2013-2015

2006-2008

2002-2004

AT FF

8 A7 By
sto] =arat

2 A

=2

N

]A &3t ¥al, UC Berkeley

56}._31__?__7'3_%'_?3_"" 3_];1\]', KAIST

Associate Professor, Biomedical Engineering and Computational Biology

Program, Oregon Health and Science University

Assistant Professor, Biomedical Engineering and Computational Biology

Program, Oregon Health and Science University

Postdoctoral Scholar, Electrical Engineering and Computer Sciences, UC

Berkeley

ALY, Center for Cognitive Robotics Research, Korea Institute of Science and

Technology (KIST)

A, R&D Center, Suspension and Steering Group, Hyundai Motor Company

and Kia Motor Corporation, Korea

Bo}lx= data-driven system identification ¥ control theoryo]il o]& 7|d¥to =2
biological system (cancer)o] Tigh A|ARA FA a9} o] &5t TutAQl Aof P
=

L2 282 5t Y&t dA] At Eol:= machine learning/deep learning

7]¥to 2 3t quantitative image analysis 919} o]2 E5jA tumor microenvironment £ 5}=

AUt



olg ojZAloldS gt B2ld 714t oju|x] &4
Seeing what you ve been missing

Oregon Health and Science University
A3t/ Chang, Young Hwan

122 oAl EX0A Ao} &2jof| o]27171x] tpfet FHo 2X AT 7|4 &
Qlon] iAot AIANA Ea] AHEl T U ol2idt wHe Yytgoz oz i}
= 9= AT % F40 98 AAHS 7L o A AR FefsolA FelEfAte a8/
S JJA57] Q5 we A ukilo] ErMg 1 914}

= ‘Q‘Oﬂ A 7189 st oulx|oA ojFol= AAEHA] RURT AFH o= Fast 5442 <
A 28] gt o U2 olafE ¢l AIE 2 ¢ 2A R0 gt A2 FFH Y
= Kﬂ%—o}ﬂ A%t o 2 A2 WAL A AQUch

Deep neural networks are now state-of-the-art machine learning models across a variety of areas,
from image analysis to natural language processing, and are widely deployed in academia and
industry. These developments have a huge potential for medical imaging technology, medical
diagnostics, and healthcare in general and many approaches are now being explored to improve
pathologists' efficiency and accuracy in digital pathology.

In this talk, I will present our deep learning approaches to recognize previously unappreciated but
diagnostically important features in standard histopathology images and provide new quantitative

insight into tissue function and architectures for a better understanding of tumor biology.
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Las Vegas was born with digital experience. This talk introduces what we believe to be the first use
of AR in the Bellagio Fountains towards a city based extended reality with an ultimate goal of Las
Vegas metaverse. The talk introduces the concept of an outdoor AR theatre and its early stage of
working prototype. The talk also includes the design challenges discovered from the process of
prototype development as well as lessons learned from the design case to facilitate collaborations

between the two countries.
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Understanding the Global Terrestrial Water Cycle with Up-to-Date
Earth Observing Satellite-based Data and Machine Learning
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The water cycle describes how water reaches plants, animals, and humans.
Examining Earth’s water cycle can be a challenging task, but understating the speed
at which the water cycle evolves under climate change is extremely important for life

on Earth.

For over a century, humans have been modifying Earth’s climate systems by



clearing forests to grow fast-growing crops and emitting heat-trapping greenhouse
gases from a wide variety of sources. These changes can alter rainfall patterns by
modifying outgoing energy fluxes, viz., the distribution between latent and sensible
heat fluxes from land to the atmosphere. Researchers can investigate the impact of
reconstructed rainfall patterns on Earth's terrestrial surface by studying the
dynamics of soil moisture, as it controls the flow of water and energy, governing

interaction between land surface and atmosphere.

Many methods have been proposed to estimate near-surface soil moisture values
using microwave sensors aboard satellites. However, soil moisture estimations from
microwave systems have a major limitation: they are neither spatially nor temporally
continuous. Obtaining accurate soil moisture data and other hydrologic variables
from satellites would also improve estimations of the other energy and carbon fluxes

in Earth system models.

In this seminar, I discuss my research on ways to overcome these limitations by
utilizing NASA’s and ESA’s satellite systems together with data assimilation and
machine learning methods. This would help us understand many future alterations to
Earth’s processes under climate changes, which, in turn, improve our ability to

predict water resources and water related natural disasters (floods, droughts, etc.)
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In modern society where the importance of handling big data becomes more and more important,
subjective material properties of soils and rocks require practical probabilistic approaches to cope
with complexity in handling the various data analysis. In this presentation, I will introduce how
complex material properties of soils and rocks could be applied to actual engineering problems with
probabilistic approaches, and will show how to relate their data distributions of input parameters
with the output data features using prepared tables and graphs. Input data distributions of load and
resistance in LRFD method can be characterized with their mean and variance values and the
probability of failure can be calculated at different confidence levels. I will also explain why LRFD
method can help sustainable development which will save limited resources and reduce construction
period at the same time. In addition, a Monte Carlo simulation for retaining wall design will be
introduced to handle the various soil properties in evaluations of external stability checks and post-
construction settlements including the primary and 2ndary ones. At last, a probabilistic filter design
against earth dam and levee internal erosions will be presented to compare the gradation curves of

core/foundation soils with candidate granular filter.
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Intelligent Transportation System (ITS) is an important part of modern
transportation engineering and has a significant impact on improving traffic safety
and mobility, particularly for cold regions that experience severe winter weather
conditions. To help support and facilitate winter maintenance decisions, an advanced
ITS monitoring technology known as the Road Weather Information Systems (RWIS)
have been deployed throughout many road networks around the world. However,
deployment is limited due to its high installation and perpetual operating costs. To
maximize the monitoring and estimation return from a limited number of RWIS
stations, efforts are needed to optimize sites for locating RWIS stations for improved
safety and mobility of travelling public during winter months. In my presentation, I will
introduce a geostatistics-based methodological framework for optimizing RWIS
networks and inferring winter road surface conditions using North American case

studies.



Az ofsictu], ofgtofulalE (UAE)
ojm g youngjibyon@gmail.com
st
=]
2010-2015 =38t uk}, E2ECsty, Ut
2008-2010 ERZst MAl, EREStY, iyt
2002-2008 J1AZst s}, ERECstE, Ut
A
2012-2017 x@2, E2pstyl Zalmojsty, oftichy], UAE
2017-88  Retaby, Rap, £2gew, ganrieti, ofyichl, UAE
2019 - BA AEYY, obriu] FA HQ o ofychu] LEY, UAE
A+ &F
et B2 fista ol A et 3ge S8 GIS o ABASS LEEo] HLsto] Travel
Time 3 ZEQA 42 RUHY st A7E ¥ WP A7k A Melouo] Y
Universidad de Chile 4] TjZ 82 §&7d2 GPS Ho|H=2 Eol= A& g & Ut A
2] tfstolA] Mode of Transportation 2 Al 2 ZIX|5t= AE 2cg. ofgou]2] E ofyichy|o

A+ Zemfisiuo RAts 2= AULEA|E], AOfE WXt2, Connected and Autonomous
Il

Vehicle, Q12X &85t B &


mailto:youngjibyon@gmail.com

ADS-B A| 193} GISE ¥83t FTRE 437X TUHY
Air-traffic Noise Monitoring with ADS-B Signal and Spatial Analysis with GIS

Khalifa University
HAX] /Dr. Young-Ji Byon

MY BE &37ld= ADS-B A|2d JAVPE £E, A=, 9X], &=, H|gg7] FE

ATAe A @ 4 glon] ofF TS o = P 482 o5
N guAse GIS)e ABASS BRIl 29Mue} AYEES AxslU Fe
YW AR T oS A A BUEHS & 4 9lon] oy TF eI U3

Due to aggressive developments in airport expansions and expected growths in
demand for air travels in UAE, associated issues with the air traffic noise are also
expected to arise. As UAE is preparing to host various international events in the
near future while newly expanded airports in Abu Dhabi and Dubai are morphing into
major hubs for international travelers, it is essential to monitor and assess air traffic
noise levels in the vicinity of those airports and nearby regions for impacts on
residential and commercial zones. Recently, all commercial airlines have started
equipping their planes with a new type of transmitter that produces automatic
dependent surveillance - broadcast (ADS-B) signals with which airplanes periodically
broadcasts their position and other information related to the aircraft including its
altitude, velocity, engine type etc. The noise generated from the engine and friction
between the craft and atmosphere travels as sound waves in all directions and reduces
its magnitude as they travel through the air. A live geographic information system
(GIS) layer in a raster format can accumulate the noise in a quantifiable unit of
decibels in associated cells for various tempo-spatial analyses of air traffic noises.
In order to more accurately account for the noise on the ground surface, digital
elevation model (DEM) integrated with building information modeling (BIM) can
provide exact geometry of noise projection on particular residential or commercial
buildings. The proposed methodology would be useful for various sectors of

government related to urban planning, city-zoning, sustainable civil infrastructure



management etc.
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Biomimetic Color-Shifting Soft Robot
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Beyond rigid material-based electronics, transparent/flexible/stretchable electronic technology has been
achieved through the development of nano/micro-processes and nanomaterial technology. It is worth
mentioning that its unique functionality, usefulness, and various practical device-level application
research that was not possible without this novel technology. Especially, this cutting-edge technology
realizes soft actuators with various operating principles and forms and is receiving a lot of attention as it
shows applicability in various fields as a soft robot compared to the conventional rigid body robots. In this
talk, I'l introduce a biomimetic color-changing soft actuator based on metal nanomaterials and
thermochromic material that change color in response to stimuli. by utilizing the unique feature of
flexible/transparent electrodes based on metal nanowire networks, a very thin heater shows stable thermal
performance even in mechanical deformation. A biomimetic soft actuator with thermochromic material
that changes color as the actuator moves is demonstrated as a proof of concept. In addition, the vertically
stacked, thin, and uniquely patterned multilayer silver nanowire percolation network heater, stacked with
the thermochromic liquid crystal, shows excellent coloration performance with various patterns as an

exceptional artificial camouflage skin. Through the embedded sensing system to recognize the



surrounding environment and precise control using unique material properties, a biomimetic chameleon

robot can hide itself according to the color of the surrounding environment in real time.
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Constitutive modeling of hyperelastic composites reinforced with nonlinear
elastic fibrous materials
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A model for the mechanics of a hyperelastic material reinforced with unidirectional
and bidirectional fibers is presented in finite plane elastostatics. This includes the
refinement/development of a series of continuum-based prediction models to
accommodate the nonlinear responses of both the matrix material and the reinforcing
fibers. The kinematics of the embedded fibers, including the torsional kinematics
between two adjoining fibers, are formulated via the first and second gradient of
continuum deformations. Within the framework of variational principles and a virtual
work statement, the Euler equation and the admissible boundary conditions are
derived. To this end, a set of inhouse experiments are performed for the purpose of
cross-examination and model implementation. The obtained models successfully
predict the strain-stiffening responses of the elastomer -polyester fiber composites
together with other key design considerations such as, deformation profiles, shear

strain distributions, and the deformed configurations of a local unit fiber mesh. The



Euler —Almansi strain integrate model is also proposed through which the strain-
softening behaviors of a certain type of polyurethane fiber composites are predicted,
yet further implementation of the obtained Euler —Almansi model remains to be
determined due to the paucity of available data. The practical utility of the proposed
models may be expected in the design and analysis of hyperelastic composites
exhibiting strain- stiffening/softening responses by providing instant estimations of

the resultant properties of intended composites.
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Fluid mechanics plays a key role in understanding problems in the fields of
engineering and physical sciences. For instance, the climate change intensifying the
extreme weather phenomena such as typhoons or heavy rain is one of the most
important societal issues nowadays. To predict the weather and climate change, it is
crucial to perform numerical simulations solving the Navier-Stokes equations
describing the motion of fluids. In the fields of national defence sciences,
understanding the aerodynamics of high-speed flows (supersonic or hypersonic flows)
has become increasingly important as it is a key in design of high-speed vehicles and
missiles. There are also many other applications of fluid mechanics in industry or
large-scale naturally occurring systems. To address the importance of fluid
mechanics and its various applications, I will demonstrate in the presentation how
fluid mechanics has been essential in many problems in engineering and physical
sciences. In particular, there will be a detailed explanation on two fundamental flow
phenomena: hydrodynamic instability and laminar-turbulent transition. These topics

have attracted much attention from researchers in fluid mechanics for more than a



century but they are still not fully understood in the context of complex engineering
and natural systems. I will have a discussion on two flow examples: (i) instability and
turbulence in geophysical and astrophysical flow systems, and; (ii) transition and
control of high-speed compressible flows. The talk will present how theoretical and
numerical analyses in fluid mechanics have advanced our understanding of complex

problems in engineering and physical sciences.
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A low cost flat plate solar collector was developed by using polymeric components as opposed to
metal and glass components of traditional flat plate solar collectors. In order to improve the thermal
and optical properties of the polymer absorber of the solar collector, Carbon Nanotubes (CNT) were
added as a filler. The solar collector was designed as a multi-layer construction with an emphasis
on low manufacturing costs. Through the mathematical heat transfer analysis, the thermal
performance of the collector and the characteristics of the design parameters were analysed.
Furthermore, the prototypes of the proposed collector were built and tested at a state-of-the-art
solar simulator facility to evaluate its actual performance. The inclusion of CNT improved
significantly the properties of the polymer absorber. The key design parameters and their effects on
the thermal performance were identified via the heat transfer analysis. Based on the experimental
and analytical results, the cost-effective polymer-CNT solar collector, which achieve a high thermal

efficiency similar to that of a conventional glazed flat plate solar panel, was successfully developed.





