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[ Identification of Dark Matter using Al-Advanced ICT Technology ]

* Who: Researchers at KISTI, KASTI and universities

* What: To detect dark matter signal

Particle accelerator, multi-messenger signal and simulation big data

High speed and precise data processing

Scan of the path and detection area of the dark matter search map

Theoretical model test
* How:

1. To establish a man of dark matter

Completing the effective field theory diagram

Identification of expected signals from observations/experiments

Presenting the search area of observations/experiments

- Complementing the theories of various dark matter phenomena
2. To develop high speed and precise data processing

- Development of big data processing technology Utilizing ICT

- Development of Artificial Intelligence Algorithm

* Why: Identify the dark matter and ultimately the origin of the universe

5 4
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[ Multi-messenger Astronomy for Unsolved Problems in the Universe:
Resolving the Hubble Tension ]

Gravitational waves (GWs) were predicted by the Einstein’s general relativity. In
September 2015, LIGO detected GWs, opening a new window to observe the Universe.
Since then 50 events from binary mergers with black holes or neutron stars have been
known. Multimessenger astronomy can shed lights on the unsolved question about the
universe by exploiting all cosmic signals such as GWs and light. In this research, we aim
for breakthrough in the measurement of the Hubble constant, which one of the most
important constants in modern astronomy. By measuring a distance to a galaxy directly
with GWs, together with a radial velocity with optical spectroscopy, one can obtain the
Hubble constant. The largest uncertainty in distance measurement to the GW source is
attributed to the poor constraints for the orbital inclination angle of the binary. In this
work, we analyze optical observation data and can measure the inclination angle with
good accuracy and hence reduce the error in distance measurement significantly. GW
distance measurement is independent from the existing standard candle method. In this
work, we can resolve the Hubble tension between the local Hubble constant measured
by using traditional method using supernovae and the cosmological value based on the
cosmic microwave background. This allows us to re-establish the theory of cosmology.
Multimessenger astronomy provides a powerful tool to find answers to unsolved problems
in astronomy involving neutron stars and black holes, which are also important agenda

in this work.

» 8
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[ Artificial Morphogenesis through Nano-to—Macro Trans-scale Emergent
Evolution ]

As a great scientific question worth national-level pursuit, we propose the study of
artificial morphogenesis through nano-to-macro trans-scale emergent evolution.
Conventional researches of self-assembly have mainly dealt with fabrication of
microscale objects with nanomaterials and occasionally treated organization of
mesoscale objects into a greater size.

As a result, no scientific attempts have been made to assemble three-dimensional
functional objects over the length scales of the 10° order. While thermal energy and
molecular interactions play important roles in nanoscales, mechanical energies due to
inertia and elasticity become dominant in macroscales. Thus, material bonding principles
working at each length scale cannot be applied to different length scales. We need to
tailor the properties and bonding characteristics of nano- and micro-objects for
structural rigidity and functionality of eventual macroscale objects. This urges us to
innovate the physicochemical understanding and control of nano- and microscale
self-assembly. Furthermore, we need to expand the conventional approach of statistical
physics to meso- and macroscales in order to analyze collective behavior of many objects
greater than microscales. Collection of building blocks under constant interactions leads
to emergence of properties that cannot be explained as a simple sum of individual parts,
whose understanding and control requires us to collaborate with biology, physics of
complex systems, and artificial intelligence. This research will open a new scientific
paradigm that goes beyond the conventional scientific and engineering approaches based

on reductionism.
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[ Al based fused science driven creation and development of
innovative materials ]

The revolutionary development of Innovative next-generation materials is highly
demanded in line with rapidly changing industries and cultures. Such development is
however hardly possible because it is difficult to understand the physical phenomena of
open reaction systems involved with the motion of electrons, holes, and photons. To
understand the quantum phenomena of unexplored materials/devices, we develop fast
and reliable machine learning based quantum mechanical calculation methods and so
devise creative next-generation materials/device through elucidating new principles and
theory of novel phenomena of undiscovered materials. To develop atomic level potential
surfaces able to describe the quantum phenomena of complex and big material systems
with much faster computing speed, we create a new paradigm to design new materials
which is able to realize digital twins by bringing the virtual simulation environment closer
to the actual environment through the development of machine-learning based
simulation method. Using the developed (machine learning)-(quantum mechanical
calculations)-(simulations) tool, we create revolutionary super-efficient functional
materials and energy materials, ultra-performance (photo)electro-catalysts using
(Weyl)-topological materials or dynamical supports (molecular machine), and innovative

3+1 dimensional dynamical materials/devices.
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[ Tensegrity Robotics ]
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[ Tensegrity Robotics ]

Tensegrity is a structuring principle based on a balance between prestressed tensional
components (usually cables, tendons, or muscles) and separate compression components
(such as bones in a human body). We propose a next-generation robotics technology
research project based on this tensegrity system as a significant innovative robotic
structure that uses a balance of tensile and compressive forces as locomotion actuators.
We consider this project as an excellent opportunity for initiating a grand challenge
project in 2020 converging science, technology, and architecture.

Due to their ultra-lightweight, ultra-durability, and high similarity with human body
systems, tensegrity robotics, as the next-generation technology, have many advantages
that conventional hard robotics could not have easily. However, due to the intrinsic
complexity of the structure, tensegrity has become forgotten in architecture for a long
time. On the other hand, in the field of mechanical engineering, the difficulty in
tensegrity control mechanisms and complex structure systems make few researchers have
studied tensegrity robotics. The National Aeronautics and Space Administration (NASA)
has developed a Super Ball Bot since 2012 and has been developing prototype tensegrity
robotics as exploration robots on Mars, but it has shown that many significant
improvements are still necessary.

We can summarize the limitations of conventional robotics in the following three
categories. The first is that current robotics is not scalable due to their solid-linked
characteristics. The second, current robotic systems could be evaluated as inefficient
systems compared to equivalent systems in nature. Third, many robots are too dangerous
to work together with humans in a shared space. The first scalability problem explains
that even after a robotic solution in one scale (such as an object scale) is completed,
a new system may be required to apply the developed system on another scale (such
as a human scale). Each scale may require a unique robotic solution. We can explain
the second low-efficiency problem by comparing the rate between the weight of the
object and the weight of a robot. A human can handle an object up to his or her body
weight (1:1 ratio). However, a robot arm requires a body of 50 kg to handle an object

with 1 kg weight. Lastly, robots are still considered to be dangerous to be used in a shared

» 20
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space with humans. In a Volkswagen factory in 2016, a robot arm hit a worker and made
him died. There has not been a social consensus on the responsibility of this incident.
It is still arguable who takes the responsibility: a robot manufacturer, a worker, or a
factory.

Tensegrity Robotics is a family of soft robotics that can be the next-generation
technology to overcome the limitations of these three limitations of robotic systems. The
research team will focus on the following research areas: (1) tensegrity mechanism using
anatomical knowledge, (2) development of actuators and control systems, (3) tensegrity
robotics applications developed by applying the latest Al systems and IoT sensors. The
research team is composed of (1) experts in the field of architecture and computational
design, (2) experts in biomimetic tensegrity robotics, (3) robot experts with more than
30 years of research experience, (4) experts in the field of medical robotics, and (5)
medical doctors whose expertise is in anatomy and occupational health. These members
will form the best team for the multidisciplinary and convergent research project, such
as anatomy, architecture, and robotics. In addition to this multidisciplinary convergence
research, we will lead a global research collaboration with more than 340 domestic and
1700 overseas Fab. Labs.

It is expected that the results of this study will initiate an ultra-high efficiency,
ultra-lightweight, and ultra-durable robotic system. The developed system is a scalable
general-purpose system that can achieve the architecture robotics It is expected that the
role of Robotics for Anthropocene - The Age of Humans, will be able to coexist with

humanity on a global scale.
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[ A Human being in the face of the task of overcoming the Singularity ]

Will the light come from the 'Nature' of the East?

Collaborative virtuous 'circle' rather than linear 'trans'

What are the logical models and challenging solutions to create a harmonious future
world where humans and superintelligence coexist(/Zo/os) while avoiding the risk of
Singularity(Dystopia?? Wouldn't it be innovative if other perspectives or philosophies
develop into beneficial technologies, rather than the close relationship between human
and superintelligence confrontation and the danger of mechanical hegemony? We find
its pan-civilistic, pan-technical and cultural and singularity-response utility in the
virtuous circle of the East (including Korea) rooted in natural philosophy. There is nature
between man and machine. In the meantime, attention is paid to the existence of
biological trees common to mankind. Using superintelligence machinery as a means of
interpreting the biological language of plants and facilitating, augmenting, and
controlling the infinite beneficial functions of plant society (Bioforming), we would like
to propose Transhuman-Tree(TH-T), a technology model in which human-mechanical-

natural(plant) coexist.
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[ R=22E oYX SHHAE ]

UZFO] ¥ &ofl= oF 900 7N AIGAMIZ(Neuron)7t EA5HLL, F5= £t 7| At
S Tt FH Y FEE Atk olet BRE JHES ABAE Yol Al E4 $F(Cellular
transport)& &3t 0|2 ZAto]F 02 Qs) FAE = ARFE FHEAG0] o] FolXr}. E3], ARGAE
Holl EAst= o2 d(ion channe)S52 AlE%H(cell membrane)oll ¥ YE=E AISHAL o,
E4 Fol2utS STA)7)= o] 2B (ion selectivity)S 7HIth FA] A (resting potential)©]
Al Z5 H9l(action potentia)E #F}sh=H] 1/1000% 422 AlZHEo] 2R gtom, o]= o]
Aol w9 2 o] 248 go] FAFT FAlo] Fol29] ghito] MEA dojdthe AL ov|Ft
o2 Aot e AF AYHZ(restacking) ZSHE L o]8slo] LAEE F7]|9 PEL JHA=
quasi-reversible machine 7@ A|QUstal, o] XA Wo| LA LE E7|H 02 =of AIFA|

E WA JuE BR A WHE BHOR it
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[ Neuromorphic Energy Harvesting ]

A neuron is an electrically excitable cell that communicates with other cells via
synapses. These electrical signals aremostly generated by ion movement, referred to the
cellular transport, across a cell membrane with exceptional characteristics: high ion
selectivity and fast ion diffusion kinetics. In this proposal, I will present the
implementation of this foregoing concept of neuron-inspired ion transport, using
inorganic materials as aquasi-reversible machine, to build the electrostatic potential
difference between reservoirs. All the chemical energy of chemical compounds can be
converted into electrical energy without paying ‘Second Law tax’, and thereforeis
comparable to the power generated by human neurons. This work representsa step
toward a promising but simple passive power generation design for practical ‘blue energy’

harvesting apparatus.
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Many studies have been actively conducted on the photoelectric energy conversion
technology based on the interaction of electromagnetic waves and semiconductor
structures to secure an environmentally friendly, high-efficiency alternative energy
source. The efficiency of current solar cells based on silicon p-n junctions can
theoretically achieve an efficiency of 31%, but experimentally it has achieved an
efficiency of 10-26%. Therefore, there is a need for exploration of innovative approaches
and solutions that maximize the conversion efficiency and secure economic efficiency
at a very low cost than conventional technologies that convert electromagnetic waves
into electrical energy. The recently discovered 2D crystal and layer quantum dot
structures are considered materials with infinite potential in relation to photo-electron
conversion technology. The use of 2D crystals with different absorption spectra in the
Van der Waals heterogeneous structure can dramatically simplify the efficient conversion
of electromagnetic waves into electrical energy due to the unique properties and
flexibility of the optical spectrum and the high structural excellence of these
heterostructures. In the proposed project, we will develop the energy conversion device
that can achieve ultra-high efficiency (up to 90%) by efficiently separating and
transporting charges through an electric field induced by a surface acoustic wave in a
heterogeneous structure of Van der Waals. Also, we intend to derive a new principle of

electromagnetic wave conversion through photo-acoustic stimulation.
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[ Supercritical Artificial Photosynthesis Technology 1]

Research into the electrochemical conversion of CO;, the key technology of artificial
photosynthesis that corresponds to the Calvin cycle of the natural photosynthetic
mechanism, has attracted much attention because it can escape global warming and
petrochemical processes. However, the electrochemical CO; conversion technology is
currently having difficulty in securing economic feasibility due to scientific challenges.
In particular, the scientific challenge is due to (1) low electrochemical catalytic activity
and stability, (2) low CO; conversion and selectivity, (3) lack of electrochemical system
optimization technology, and (4) difficulty in synthesizing »C, products. To solve these
problems, this study proposes ‘Supercritical Artificial Photosynthesis. The supercritical
CO; generally has a solubility in water 60 times higher than normal pressure conditions,
and because there is no surface tension, catalytic reactions occur even in the small pores
of the electrode, so high catalytic activity is expected. Actually, if the current density
of 2 A cm-2 is obtained, the production cost is lower than the compound produced in
the petrochemical process. In addition, it is expected that the C-C coupling is actively
performed due to the high density of the intermediate product adsorbed on the catalyst
surface, which is advantageous for synthesizing C2 or higher products. From a material
point of view, the existing research has a problem that the conversion rate of CO; is
low because the catalyst material is designed considering only the behavior of an
intermediate material that may occur on the surface of metal and metal oxide-based
materials. In recent years, it has been noted that the catalytic activity increases on the
surface to which defects in the catalyst material or surface roughness are applied. In
order to overcome these problems, this study focused on controlling the sub-nano level
inter-planar distance and inter-particle distance by extending the range of materials to
the atomic level. It is intended to be applied to materials as a factor of the active site.
The new structure based on pore control at the sub-nano level is a new space-activating
factor that is different from the existing nanostructure based on surface modification.
This catalyst design can secure synergies between structural and supercritical reaction
environments in which the reaction in the micro-gap becomes more active in
supercritical conditions with very low surface tension and excellent penetration of CO;
as a reactant. The study plans to identify reaction mechanisms through in-situ/operando
analysis and molecular dynamics calculations, and to assess the practicality of

supercritical artificial photosynthesis technology through economic evaluation.
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[ Exploration for Climate Tipping Point ]

The climate tipping point is the point at which the climate system abruptly changes
by strong nonlinear processes in the response to a gradual increase in climate forcing.
Abrupt climate change leads to a catastrophe in our economy and society, so exploration
for climate tipping point is crucial not only for scientific importance, but also for
global/national policy making. However, due to the lack of climate data and the
fundamental limitations of the numerical climate prediction model, it is the biggest
challenge in the climate field that cannot be solved by the existing research paradigm.
In this project, we intend to understand the process of the climate tipping points through
a new approach, and to explore the location of the current climate from a future climate
tipping point. To this end, we intend to understand processes of abrupt climate changes
associated with the permafrost ecological-climate interaction process and the ocean
circulation/ice sheets-climate interaction process in the perspective of the global climate
system, which are known as core processes that can lead to the climate tipping point.
In addition, we will adopt a deep learning to examine the climate tipping point
mechanism by applying it to a strong nonlinear process by the interaction of the global
system of the climate system. Based on these results, we will eventually challenge to
develop a deep learning-based nonlinear climate prediction model that can simulate the

climate tipping point.
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[ Can we revert cancer cells into normal-like cells? ]

Cancer is the number one life-threatening disease and becoming more important as
our society is getting aged. There is, however, a fundamental limitation in cancer
treatment despite the recent development of targeted therapy and immunotherapy. The
common goal of conventional cancer therapy is to induce apoptosis of cancer cells. The
ultimate limitation of this approach lies in that cancer cells are still a part of ourselves
and therefore we cannot selectively remove them all without damaging normal cells. Can
we consider then an alternative approach other than inducing apoptosis? We propose
reverting cancer cells into normal cells instead of directly killing them. Historically, the
phenomena of cancer reversion have been observed sporadically, but the underlying
mechanism has not been understood and no systems analysis was attempted. From a
systems biological perspective, cancer can be viewed as a network disease caused by
dysregulation of the dynamics of an intracellular molecular regulatory network. Thus,
considering the huge dimensionality and functional redundancy of the molecular
network, we might be able to restore the network functionality of normal cells by
controlling some of the key molecular targets in the network. I would like to challenge
this unsolved problem of reverting cancer cells into normal-like cells through systems
biological approach by combining cancer biology and control engineering. If this
technology is successfully developed, then we might be able to open a new paradigm

of cancer therapy that can ensure the quality of life of cancer patients dramatically.
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[ A Study on the Cancer Evolution Program Based on Kinome-Landscape
Scanning Technology 1]

Genome-driven oncology, the current platform of precision medicine, is being carried
out mainly by kinase inhibitors based on genetic variation of kinase. However, only a
small portion of all patients are subject to the treatment, and only a limited number of
patients are responding to the treatment. The main reason is that the single kinase
variation, which does not convey the overall understanding of the kinome occurring
within the cell, and the resulting mode of action-based treatment. To solve this problem,

we would like to present a new clinical approach based on temporal and spatial

kinematic map by integrating genome variation and kinome landscape transformation

and establishing kinome landscape scanning technology. Based on the kinome landscape
established through «clinical samples and patient-specific animal models, the
phosphorylation signal based kinome landscape scanning platform is established, and the
tumor evolution process is analyzed and explained through the kinome landscape scan
based kinome landscape-drug map. Creating a kinome landscape-drug map and building
a dynamic control library based on the kinome landscape-drug map through the
correlation between kinome landscape-drug maps and the drugs that control them.
Research on predictive treatment techniques that predict and control the evolution
direction of tumors through kinome landscape-drug maps and suggest re-programming

of recurrent tumors based on kinome landscape-drug maps.
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[ Hetero—chronic parabiosis 7|&2
H}
O

|88t 8l A3t Xt AH A L3t HH
At 2UAS (Sarcopenia) X|& ]

A A A S 2 2 A7}
H AAZCE w5} BAZE qFEHA kols Ao Fy5ta, o|AS A =] gt At &t
5| XY= Q. E5] 2018¥ 6€ MAEAZ|F(WHO)oA &7t =4 A EF oA= 3t

(Old age)°ll A F=F Hofolo] L5kE Aoz B IS Pao| o33, okt A 3o
2 2H4aF(Sarcopenia), AE¥A A o, Y W A 055 50l EEA S ket
(Geroscience)d %l A wotel Avkd Aol 7P & 9 8912 w3} I Al & >
U WA 3t AAE AABIAY Jedls st Q4 deE daAd 4 S kot A
Aeh2 ©@<e35] shte] 7| #oltt YFE F= Aol oty B Ao FE 71 dlwel 3l
TANA Y A&7 8% T old F9 52 FE & A2 hetero-chronic parabiosis Aol A]
3HH £21F parabiosisE &9 o€, k3EA] &2 S0 EE2AHS W b 25, A o,
B, A 24, 283 g RA A U E7]AEE0] 2 JHE Wot= ATHrejuvenation
effects, 3]& A7} BHEEHIUZ. BH= o FoA= A 5ol Astde] HiEUS. o]t
AT AYES 59 o A E 3k AAISHAY A dA Ttes st QIR 2 FolA
= =315 fuoleE 15} QR A%ttt AL & 4 2. Hetero-chronic parabiosiso A &
MAZS] EAE ool o8l AR 2HA7E SREERE k3, s} QA= Y Yof EAsh=
54 A= AT 4 902 1Y @Y Yo EAiste dEE AFo s B2 A W& =S
2 Adl=ds 7L oA in vivoolde I HIAUSS FE5H] ofF=. ERb
parabiosis Q7= A& WAFLE sho] YA ARl E7Fs & WA £ A--9A= methionine
tRNA synthase®} bio-orthogonal chemistryg ©]-8&5to] A9 138}, A3} QIXE 5] Y+
71&& ikl in vitroolA] hetero-chronic parabiosisE XA mouse, human in vitro
parabiosis A|AEE L@t} & I3 - H AAET 7B in vitro parabiosis A|AES
o] gsto] w3}, Ji3} AAES] HIAYSSE ot o] AE k3t A e F sl
Agslo] A7 AFE StA g 2 AFE Sl ot A9 M= HiE v AAS
ofyzt 113} S59| 7IeAd= AASHL, A7 8 ST 7198 5 s AlE A4E.
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[ Identification of Aging, Reverse Aging Factors Using Hetero—Chronic Parabiosis
Technology and Research on Methods for Treating Aging—Related Sarcopenia ]

As the life of humans increases, the world's elderly population is growing rapidly.
Increasing elderly population not only increases individual medical costs, but also
increases the burden of whole society. Aging is a big problem, especially for the countries
that are not well prepared for aging-related diseases. Recently aging was defined as a
disease and it is considered to be treated. In particular, the “International Classification
of Diseases” published by the World Health Organization (WHO) in June 2018 assigned
a disease code to the aging to clarify the concept of aging as a disease. Age-related
diseases include sarcopenia, cardiovascular disease, cancer, degenerative brain disease,
and osteoporosis. From the perspective of geroscience, the greatest risk factor for
aging-related diseases can be seen as aging itself. Therefore, it is possible to reduce
aging-related diseases by suppressing aging itself or inducing reverse aging. But the
aging-related diseases affect whole bodies and require complex treatment. Recently,
hetero-chronic parabiosis study, pairing young and old mice with surgically, showed that
aged muscle, heart, brain, bone, kidney and multiple tissues were rejuvenated due to the
stem cells from young mouse. Conversely, young mouse has been reported to have
reduced regenerative capacity. The results of these studies indicate that there are
anti-aging factors that suppress aging or rejuvenating factors in young mouse and there
are senescence factors that cause aging in aged mouse. In hetero-chronic parabiosis,
aging and reverse aging factors can be considered specific factors in the blood. Because
circulation systems of two mice are connected with capillary anastomosis. However, it
is difficult to distinguish the mechanism in vivo because small amounts of circulating
factors in blood cause a large amount of biological reaction with their various binding
partners. Moreover, human parabiosis clinical research is impossible. Therefore, in this
study, we will develop methods to identify small amounts of aging and reverse aging
factors using methionine tRNA synthase transgenic mice and bio-orthogonal chemistry.
And we will fabricate mouse and human in vitro hetero-chronic parabiosis system that
mimicking in vivo hetero-chronic parabiosis. By using these aging, reverse aging, and
in vitro parabiosis system, we will elucidate the mechanism of aging and reverse aging
factors, and apply them to treat aging-related disease, sarcopenia. This study will not
only present a new paradigm for aging research, but also suggest the way of overcoming

aging and improving healthy life span.
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The human sensory nerve processes and transmits various stimuli from the external
environment, which is not only essential for life activities but also has a significant
influence on the quality of life. When these sensory nerves are damaged or degenerate,
the signals between the nerves are not properly transmitted, which lowers the quality
of life and poses a great danger to life activities. Currently, sensory neuropathy has been
treated by medication or rehabilitation only to relieves symptoms but cannot be cured.
To solve this challenge, our research team aims to develop artificial sensory nerves for
prosthetic nerves that replace damaged nerves and ultimately overcome sensory nerve
disorders. In this proposed research, the sensory nerve is mimicked by the artificial
sensory nerve based on understanding the mechanism of the biological nerves. Then, It
is analysed that the signals from the artificial sensory nerve are correctly transmitted and
translated in the biological nervous systems. Finally, the developed artificial nerve can
be applied as neural prostheses that overcome the sensory nerve disorder. Further, by
using this artificial sensory nerve, the sensory abilities of humans can be improved

beyond their inherent abilities.
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