True satisfaction is knowing that your research
at GIST will make a world of difference
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Main Achievements
Since its establishment, GIST has strived to fulfill its responsibility as an institute of science and technology for the country and local
communities. Thanks to the hard work and dedication of our graduates and many others at GIST, we have grown into a world-class
research university.
In 2021, GIST was ranked 4th in the QS World University Rankings by Quacquarelli Symonds (QS) in the UK, which is considered as one of
top agencies in evaluating international universities, in the category of ‘Citations per Faculty’ and 1st in Korea for 13 consecutive years.
This is a testament to the outstanding academic and research performance at GIST that has enabled us to reach a world-class level.
The impetus for GIST to grow as a world-class research-centered university within a short time was its endeavor to attract leading
researchers and create a top-notch environment for them to focus on research. Being true to the GIST philosophy that emphasizes global
convergence, we at GIST strive to pursue internationally recognized global research. With the “go global” mindset in our DNA, we conduct
joint research with leading researchers around the world that are potentially our competitors and at the same time collaborators, which
has enabled us to position ourselves among the global leaders in terms of citations. GIST has also retained its crown as the Best Startup
University in Korea for three consecutive years. We encourage students to gauge their entrepreneurial potential with startup idea
competitions and help them start their own business in real-world settings. We also offer empowerment programs for technological
startups and entrepreneurship studies as a minor subject for GIST master’s students to prepare them for their future role to create
businesses. A full range of programs designed to help future entrepreneurs develop a global mindset and practical business skills are
found nowhere else but at GIST.
Using these gleaming achievements as a stepping stone, GIST aims to reestablish the tertiary education model as a liberal arts college
for a science- and technology-centered future society and accelerate AI-centered global convergent research and education to produce
leaders in science and technology. Starting with the construction of a world-class AI data center in 2020, we will take the leading role
in building an AI innovation cluster in Gwangju to serve as a role model both locally and nationally. To be more specific, we are striving
to advance AI studies and empower startups in connection with optical-electronics, automotive, energy, healthcare, and cultural
technology industries and create jobs for the future, thereby positioning ourselves as a global center of science and technology in the
era of the Fourth Industrial Revolution.
To take the lead in the Fourth Industrial Revolution that will revolve around artificial intelligence, we at GIST will pursue organic
interconnections among the activities of the university’s research centers, including the Advanced Photonics Research Institute, the
Research Institute for Solar and Sustainable Energies, the Korea Culture Technology Institute, the Integrated Institute of Biomedical
Research, the International Environmental Research Institute, and the Artificial Intelligence Research Institute, startup promotion,
intellectual property management, and business value creation activities organized by the GIST Research Institute with the support of
the Office of Research, thereby contributing to job creating for the local community and the whole country while resolving social issues
with the power of science and technology.
We have done a great job over the past 25 years, and we are beginning a new journey to take another leap forward during the next 25
years under the slogan of ‘We Are GIST,’ which underscores the point that GIST belongs to its members and that everyone at GIST should
work together as vested partners to accomplish its vision of becoming a ‘cradle of creative science and technology for the future.’ In
English, the word ‘gist’ means ‘center, core, or main idea,’ and the essence-or gist-of GIST's value is to have an ownership attitude of ethical
management. We will make every effort to protect the rights of GIST members and to create a conducive environment for studying,
researching, and working based on a culture of mutual respect. Furthermore, we will make
GIST a place where everyone can share opinions and live freely, safely, and happily. Also, we will contribute to the development of
science and technology for the region, country, and humanity while responsibly carrying out research and innovative activities.
We will do our best to communicate, share, and make every GIST member happy.

“We Are GIST!”
Kiseon Kim,

GIST President
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We_Are_GIST
•Enhance quality of life by carrying out research projects solving social problems
•Lay a foundation for national/local job creation by expanding technology entrepreneurship led by students, faculty, and residents

Inclusive R&D
together with people
and local communities

•Take the lead in
social contribution as an S&T
institute by innovations
within local communities
that are dedicated to the
country
•Operate GIST in an open,
horizontal, and autonomous
manner for improved
communication, happiness,
and growth of its members

R&R

Set best
practices in GIST
operations

G
IST

that can contribute to
the country and
society

Human rights
management

Innovation
management

Nurturing

global leaders
for an S&T centered
society

Horizontal
operation

•Foster specialists with
knowledge in basic science
and humanities for the 4th
Industrial Revolution
•Nurture GIST members to
lead the world and the
future by having a global
campus

Open
organization

GIST
R&R
Role & Responsibility
We_Are_GIST

Smart Gwangju,
Happy GIST

The 1st IST,
GIST

The Innovator
GIST

Communication,
freedom, contribution,
best practices, respect

Internal and external
growth with
local communities

An exemplary national
research and
educational institution

Pursue new values fo
future science
and technology
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Main Achievements
Rank

TOP4

in QS World University
Rankings 2021

Ranked the world’s 4th
in Citations per Faculty by
Quacquarelli Symonds (QS)/1st
in Korea for 13 consecutive years

4th Industrial
Revolution
Convergence

University

Location

1

King Abdullah University of Science & Technology

Saudi Arabia

2

Indian Institute of Science

India

3

Princeton University

United States

4

Gwangju Institute of Science and Technology (GIST)

South Korea

5

Georgia Institute of Technology

United States

•Ranked 30th in the world and 3rd in Korea in 2021 ‘QS Top 50 Under 50’
•Ranked 33rd in Asia in the World’s Most Innovative Universities and 11th
in Korea (2019, Thomson Reuters)
•A project to build an AI-based industrial convergence complex has been finalized
- KRW 406.1B will be spent over the next 5 years to establish an AI-based startup cluster
in the Gwangju Science Valley District 3

•Develop core technologies to lead the 4th Industrial Revolution
- Carry out GIST Innovative (G.I.) 4.0 studies

•Establish and operate Institute of Integrated Technology

Startup Technology
Commercialization

•Best entrepreneurial index of 4-year colleges in Korea for 3 consecutive years
(2017-2019 MK Economy)

•1st in entrepreneurial infrastructure/performance

(2019, entrepreneurial index of 4-year colleges by MK Economy)

•1st in technology transfer/student startup rate

(2019, engineering college assessment by Korea Economic Daily)

Social Contribution
& Community
Engagement

•Grand Prize for Korea Social Contribution Awards in 2018

Established a social contribution group and carried out programs for community
engagement both in Korea and overseas

Nobel Research Center
• Nobel laureates serve as heads of NRCs to
conduct joint studies with GIST researchers
• Improve research capabilities through constant
exchanges with great scholars of the world

Heeger Center for
Advanced Materials

Ertl Center for
Electrochemistry and Catalysis

Steitz Center for
Structural Biology

Alan J. Heeger

Gerhard Ertl

Thomas A. Steitz

Nobel Prize in Chemistry (2000)

Nobel Prize in Chemistry (2007)

Nobel Prize in Chemistry (2009)

Grünberg Center for
Magnetic Nanomaterials

Amano Center for
Advanced LEDs

Grubbs Nobel
Research Center

Peter A. Grünberg

Hiroshi Amano

Robert H. Grubbs

Nobel Prize in Physics (2007)

Nobel Prize in Physics (2014)

Nobel Prize in Chemistry (2005)

9

President's Message l Vision l Main Achievement l GIST Research Institutes l Research & Development Budget l Research Outcomes
GIST’s Top 11 Research Achievements of 2019 l GIST’s Research Highlights of 2019

GIST Research
Institutes

10

GIST ANNUAL R&D REPORT 2020

Gwangju Institute of Science and Technology

GIST Research Institute
APRI

•Established in 2001, to develop science and technology by focusing on outstanding R&D in
photonics and photonic technologies and fostering photonics experts
•Built on the world’s best research facilities that includes a 4.2 PW laser system, conduct
basic studies on laserplasma interactions, elec trons, par ticle acceleration, x-ray generation,
femtosecond laser spectroscopy, and THz optics

RISE

•Established in 2009 to secure original technologies for new and renewable energies and to
promote their commercialization
•Respond to climate change, future energy crisis and environmental problems, carry out R&D
activities and convergence study for next-gen smart energy community including next-gen
solar cells, energy storage/operation system as essential technologies for the future

KCTI

•Established in 2013
•To conduct research and development activities on combined technologies with cultural
industries based on interdisciplinary exchange and convergence among science and
technology, design, culture and arts, humanities and social sciences in accordance with
article 17-5 (Designation, etc. of Supervising Institute for Research of Cultural Technology)
of the Framework Act on the Promotion of Cultural Industries

IIBR

•Established in 2013 under the name of Life Aging Convergence Research Institute,
expanded and reorganized into Aging Research Institute in 2015 and renamed as Integrated
Institute of Biomedical Research in 2020
•Understanding the nature of life phenomena and promoting human welfare through
multidisciplinary convergence research in the field of biomedical science, developing
proprietary technologies for prevention/diagnosis and overcoming and promoting quality
of life through multidisciplinary convergence technologies

IERI

•Established in 2001 as a UN University Institute at GIST
•IERI has conducted multiple joint international environmental studies to foster
environmental experts, support the development of technologies to tackle challenges of
climate change at home and abroad, and contributed to the improvement of the global
environment and human well-being

GIAI

•Established in 2017 to serve as a leading research institute in future AI R&D efforts
•GIAI leads global R&D in the era of 4th Industrial Revolution and aims to solve various social
issues based on AI research and drive innovative growth of Korea and local communities
by successfully completing the ‘creation of an AI-based industrial convergence complex
(national agenda for local communities)’

Advanced Photonics
Research institute

Research Insitute for Solar
and Sustainable Energies

Korea Culture
Technology Institute

Integrated Institute of
Biomedical Research

International Environmental
Research Institute

GIST Institute for
Artificial Intelligence

GTI

Technology
Commercialization Center

GIST
Business Incubator

Business
Support Center

GIST Technology
Institute

•Established in 2005, GIST Technology Institute supports IPRs and R&D for commercialization
of promising technologies owned by GIST, technology transfer and commercialization,
and serves as a hub for startups to contribute to the national economy and industrial
development by spreading GIST research outcomes.

CoReLS

•Established 2012, Center for Relativistic Laser Science (CoReLS) of IBS has studied
femtosecond PW laser technologies, relativistic laser-material interaction, physical
symptoms transcending in time and space
•In 2016, CoReLS developed a 4PW laser system for the first time in the world, resulting in
remarkable progress in research, including high-energy particle acceleration of electrons
and photons, and attosecond atom and molecule kinetics

Center for Relativistic
Laser Science
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Research &
Development Budget
Research outcome for the past 10 years

2010~2019

Research budget

(Unit: 100 million won)

1,500

◼ Led by the government
◼ Led by the private sector

1,200

900

600

300

Source : www.ntis.go.kr
(National Science & Technology
Information Service)
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2010~2019

The number of
research tasks
◼ Led by the government
◼ Led by the private sector

2017
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(Unit: No. of research tasks)
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Source : www.ntis.go.kr
(National Science & Technology
Information Service)
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Research & Development Budget
Ⅰ Composition of Research Funds
Ratio of each sector related to 6T
2015

2019

46%

38%

1%

14%

3%

13%
8%

11%

9%

Research
budget

20%

19%

19%

1%
◼BT
BT (Bio Technology)

◼CT

CT (Cultural Technology)

◼ET

◼IT

ET (Environmental Technology)

◼NT

◼ST

◼Others

IT (Information Technology)

NT (Nano Technology)

ST (Space Technology)

Ratio of each department
2015

2019

3.2%
9.5%

Research
budget

3.2%

2.9%

5.8%

2.2%
7.8%

20.2%

78.3%

66.5%

◼Ministry of Science and ICT ◼Ministry of Trade, Industry and Energy ◼Ministry of Education ◼Ministry of Culture, Sports and Tourism ◼Others

Ratio of counterparts for research cooperation
2015

Research
budget

2019
1%

51%

2%
54%

7%

34%

41%

◼Industry

14

10%

◼University

◼Research institute

◼Others
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Ⅱ Composition of Projects
Ratio of each sector related to 6T
2015

2%

2019

1%

16%

19%

15%

17%
28%

The number
of research
tasks

30%

19%

18%
16%

16%
2%
◼BT

BT (Bio Technology)

CT (Cultural Technology)

◼CT

◼ET

◼IT

ET (Environmental Technology)

◼NT

◼ST

◼Others

IT (Information Technology)

NT (Nano Technology)

ST (Space Technology)

Ratio of each department
2015

The number
of research
tasks

2019

3%

2.9%

6%

7.6%

10%

19.8%

23%

58%

7.6%

62.1%

◼Ministry of Science and ICT ◼Ministry of Education ◼Ministry of Trade, Industry and Energy ◼Ministry of Health and Welfare ◼Others

Ratio of counterparts for research cooperation
2015

The number
of research
tasks

2019

13%

1%
2%

25%

85%

1%
4%

69%

◼Industry

◼University

◼Research institute

◼Others
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Research Outcome
The number of papers for the past 10 years

2010~2019

The number of
domestic and
overseas papers
◼

International

◼

Domestic

(Unit: No. of papers)

800

600

SCI & SCOPUS
400

200

0
2010

World’s university
ranking in terms
of the number of
papers being cited
per professor

2011

2012

2013

2014

2015

2016

2017

2018

2019

2012~2021
Ranking

1
2
3

GIST
MIT
Harvard Univ.

4
5

Caltech

6

Stanford Univ.

7
8
9
10

Source : www.topuniversities.com
(QS World University Ranking)

11or lower
2012

2013
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2017

2018

2019

2020

2021
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Research Outcome
Trend for the past 10 years (2011 VS 2021)

█ No. of citation per publication
█ Publication
█ Citation
█ No. of citation per full-time faculty
█ No. of citation: 1,000 times or over

No. of
citation:
1,000 times
or over

█ No. of citation: 500 times or over

600.0 %
No. of
citation:
500 times
or over
Citation
No. of citation
per publication

216.7 %

143.34 %

Publication

No. of
citation per
full-time
faculty

34.86 %

33.50 %

80.40 %

2011
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GIST’s Top11
Research Achievements of 2019
School of Electrical
Engineering and
Computer Science

Hong Kook Kim
hongkook@gist.ac.kr

Development of AI-Based Acoustic
Intelligence Technology for Disaster
Responses Using Drones

The advent of rapid industrialization and urbanization brought about an environmental change in society where the impact of natural
disasters became ever more comprehensive and complicated, and there is an increasing demand for disaster and safety control service
for the idiosyncratic nature of modern-day disasters. In particular, there is a governmental-run rescue program that utilizes artificial
intelligence (AI) and robots to secure within the golden time in certain situations, such as when a person is lost on a mountain. A drone
on the scene can collect a host of information including various background noises such as wind noise and engine sounds. In attempts to
weed out such useless inputs, we developed a background-noise-canceling technology—a sound classification technology—that sorts
out periods when there are in fact significant sound inputs, and a navigating technology that tracks the origin of the sound source based
on the periods selected by the classification technology. Moreover, as shown in Fig. 1, each technology was developed and designed
based on machine learning or deep learning technology, and proved their excellence through experiments that resulted in winning an
award in the field of audio tracking from the 2019 AI R&D Grand Challenge administered by the Ministry of Science and ICT, Korea.

Background
[objectives]

Contents

Expected effect

Research outcomes

22

Advances in AI technology have prompted new engineering/technological challenges that were
considered unsolvable in the past. Contemporary AI research has centered on developing individual
intelligence and related service, such as vision intelligence, speech intelligence, and language
intelligence. The progress in these fields made possible higher-quality service in various areas such
as face recognition and chatbots; however, in the natural disaster rescue operation, it requires higher
standards for vision intelligence, acoustic intelligence, inference, and robotics technology to carry out
the task properly. Therefore, further research is needed to develop individual intelligence that is capable
of conducting not only one task but multiple tasks in order to build this complex intelligence.
In collecting voice/sound data using drones, recognizing and responding to the data collection
environment is necessary, which requires SOS signal voice/sound recognition technology based on AI that
should be environment adaptive. Furthermore, to develop this technology, we need the corresponding
database from the domain. To achieve this, we built a database encompassing various drone-rescuerelated sound data such as SOS signals, environmental noises, drone engine sounds, and non-vocal
sound, and the database was certified by the Telecommunication Technology Association (TTA), Korea.
Moreover, the database is freely available to other researchers. Next, we proposed a multitask-learning
U-net to cancel out drone noise, and this technology reduced the noise effectively, as shown in Fig. 2. To
distinguish the noise from vocal sounds, we developed a sound classification technology by combining
a region convolutional neural network (RCNN) and connectionist temporal classification (CTC), as shown
in Fig. 3. Moreover, we built an inception-based neural network for estimating the direction of arrival for
a sound source and thereby enabled the drone to navigate better. This complex audio intelligence was
integrated into one system, and the function was certified by the TTA.
Perennial accident-prone areas such as mountains and the sea are areas where people are particularly
susceptible to various accidents such getting lost or caught in a fire, and immediate rescue response is
greatly hampered by the geological environment. In light of this situation, the technology developed in
this research can be commercialized by amalgamating it with the disaster and safety technology using
drones and unmanned aerial vehicles (UAVs). In tunnel collapses, drones can be used to recognize SOS
signals and location information and alert the oncoming drivers to prevent secondary accidents by
detecting screams or the direction of the accidents.
Paper • “Convolutional recurrent neural network based event detection in tunnels using multiple microphones,”
Sensors, 2019,19(12), 2695; https://doi.org/10.3390/s19122695, June 2019.
Patents • “Apparatus and method for speech de-noising,” Korean Patent No. 10-2019-0112052, filed on 2019.09.19.
•“Acoustic signal detecting method,” Korean Patent No. 10-2020-0010034, filed on 2020.01.28
(co-assignee with Hanwha Techwin Co. Ltd.).
• “System and Method for Detecting Acoustic Event,” U.S. Patent Application 62/940,058, filed on 2019.11.25.
Press releases • Professor Hong Kook Kim's research team wins the AI Grand Challenge Award for audio
recognition (2019.12.04).
• GIST AI Research Competitiveness: Professor Hong Kook Kim's research team ranks
second in the 2019 AI R&D Grand Challenge (2019.08.06).
• Professor Hong Kook Kim's research team wins the Excellence Award in the 2019
Human Plus Convergence R&D Challenge Program.

Gwangju Institute of Science and Technology
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SCHOOL OF
ELECTRICAL
ENGINEERING
AND COMPUTER
SCIENCE

Research outcomes

Research funding

Award • Institute for Information and Communications Technology Planning & Evaluation (IITP) President’s
Award for second place in the 2019 Artificial Intelligence R&D Grand Challenge, Acoustic Intelligence
Track Administrated by Ministry of Science and ICT, Korea, held in KINTEX Exhibition Hall 6,
2019.07.12.
Other • Database release: Dataset for 2019 Artificial Intelligence R&D Grand Challenge, Acoustic
Intelligence Track (Track 3), https://github.com/AiTeRLab-GIST/GC_track3_DB_GIST.
• Technology Exhibition: R&D Conference on Social Problem Solving Using AI Technology
administrated by IITP, held in L-Tower Grace Hall, Yanje, Seoul, 2019.12.03.
This work was supported by Institute of Information & communications Technology Planning & Evaluation
(IITP) grant funded by the Korea government(MSIT) (No. 2019-0-01767).

Fig. 1
Block diagram for an AI-based
acoustic surveillance system for
disaster and safety control using
drones2

Fig. 2
Network architecture for
multi-task learning U-net to
reduce drone noise.

Fig. 3
Network architecture for faster
RCNN-LSTM-CTC to classify
vocal/non-vocal sound source.
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GIST’s Top11
Research Achievements of 2019
School of Electrical
Engineering and
Computer Science

Young Min Song
ymsong@gist.ac.kr

Enlarged Color Gamut Representation
Enabled by Transferable Silicon Nanowire
Arrays on Metal-Insulator-Metal Films

Artificial structural colors formed by nanophotonic crystals have the advantage of significantly higher resolution and durability than
conventional pigments and dyes. Much research has been conducted to utilize the optical features of nanostructures for a wide range
of applications, such as anticounterfeiting stickers, colorimetric sensors, etc. However, these predeveloped structures suffer from
limitative color representation, flexibility with rigid materials, and device compatibility. Here, this article presents a spectral mixing color
filter, which is the concept of enlarging color gamut ranges, capable of addressing the current issues in structural color engineering, by
stacking a vertical silicon nanowire array embedded in a transparent polymer onto conventional metal-insulator-metal trilayers. These
combined two photonic structures enable independent tuning of the optical resonance of each structure, depending on geometrical
parameters, such as the diameter of the nanowires and the thickness of the absorbing medium. Hence, the proposed structure
facilitates the linear combination of two resonant spectra, thereby enabling fine-tuning and widening of the color gamut.

Background
[objectives]

Contents

Expected effect

24

To date, the specific light-absorption features of organic pigments and dyes are commonly used to
obtain color selectivity with mixing different color ingredients. However, these materials suffer from
limitative color representation because of subtractive color-mixing properties, resolution, environmental
vulnerability such as chemicals and ultraviolet rays, and device compatibility. Compared with traditional
coloration approaches, nanostructural coloration mechanisms based on plasmonic nanostructures,
metal-dielectric multilayers, and photonic crystals have been promoted for ultrahigh resolution and nonfading colors. Furthermore, these types of color generation have attracted a great deal of attention in
hopes of achieving future printing technologies for multipurpose utilization such as bright-field color
prints, micro/nanosized steganography, anticounterfeiting labels, nanoscale optical filters, refractiveindex sensing, and spectrally encoded optical data storage using their various structural functionalities.
Furthermore, colored nanostructures have been precisely engineered by high-tech processes such
as direct laser writing, electron-beam lithography, and oblique angle deposition. Despite full color
generation achieved during the last years, these approaches cannot be modifiable after color production.
This research presents a spectral mixing color filter, which is the concept of enlarging color gamut
ranges, capable of addressing the current issues in structural color engineering, by stacking a silicon
nanowire array (Si NWA) onto conventional metal-insulator-metal (MIM) trilayers (Fig. 1). The first
nanoresonant structure is a MIM nanostructure, the second resonant structure is a Si NWA (Fig. 2). In this
study, we demonstrate a strategy for the widening of the color gamut by the linear combination of two
different resonance modes originating from Si NWAs and MIM nanoresonators. As a typical reflective
color filter, the MIM trilayer configuration, which provides subtractive colors generated by the FabryPerot resonance, and Si NWAs have been considered because of their selective absorptive properties
originating from light waveguide effects (Fig. 3). Based on these principles, a mixed structure capable of
realizing various colors was designed, and a color filter was implemented through the actual production
of the mixed structure. In this study, the enlarged color gamut representations are simply demonstrated
by transferring silicon nanowire arrays embedded in a flexible polymer layer without additional
treatment/fabrication. This structure is easily modifiable and transferable to other reflective colored
filters and curved objects (Fig. 4).
We have demonstrated the enhancement of color gamut expression by transferring the silicon nanowire
arrays embedded in a flexible and transparent polymer. The silicon-based technology can be promising
due to its low cost/mature fabrication properties. In addition, recently, the various colored devices are in
full swing by controlling reflectance of a visible light region in a nanostructure. Using this approach, we
believe that the enhanced color tunability and independent light resonance features of our proposed
structures can be used as future color applications such as optical filters, security/anticounterfeiting
labels, and flexible decorative devices.

Gwangju Institute of Science and Technology
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Research outcomes

Research Funding

Paper • Kim, Y. J., Yoo, Y. J., Lee, G. J., Yoo, D. E., Lee, D. W., Siva, V., Song, H. S., Kang, I. S., Song, Y. M. “Enlarged
color gamut representation enabled by transferable silicon nanowire arrays on metal–insulator–metal
films.” ACS applied materials & interfaces, 11(12), 11849 (2019).
Patents • Coloring structure deposited polymer thin film and manufacturing method for polymer thin film,
Application No. 20190024393.
Award • OSK Rising Star 30
Other • Taiwan TVS_2019 invited presentation
This work was supported by the Institute for Information & Communications Technology Promotion (IITP)
(no.2017000709), the Creative Materials Discovery Program through the National Research Foundation of
Korea (NRF) funded by the Korea government (MSIP) (NRF2017M3D1A1039288, 2018H1A2A1060954,2018R
1A4A1025623), GIST Research Institute(GRI) grant funded by the GIST in 2019, the Korea Institute of Energy
Technology Evaluation and Planning(KETEP), and the Ministry of Trade, Industry & Energy(MOTIE) of the
Republic of Korea (no. 20183010014310).

Fig. 1_ Schematic illustration of TSNA-MIM (dashed area), TSNA, and MIM
structures. (Left) Tilted view of scanning electron microscopy (SEM) images
for bottom side of TSNA and photographs of TSNA on white paper (right).

Fig. 2_ Cross-sectional SEM images of Si NWAs with the diameters of 70, 90,
and 110 nm (left). 45° tilted view SEM images of Si NWAs (right).

Fig. 3_ Absorption profiles of green-colored TSNA-MIM filter at 450- and
600-nm wavelengths.

Fig. 4_ Bright-field microscopy images (MIM, top/left; TSNA-MIM, top/
right) and measured reflectance spectra of MIM and TSNA-MIM (left, lower).
Photographs showing the transferring process (top/right) and TSNA-MIM
(bottom/right) with yellow background colors (bottom/right, inset).

25

President's Message l Vision l Main Achievement l GIST Research Institutes l Research & Development Budget l Research Outcomes
GIST’s Top 11 Research Achievements of 2019 l GIST’s Research Highlights of 2019

GIST’s Top11
Research Achievements of 2019
School of Materials
Science and Engineering

Bong-Joong Kim
ymsong@gist.ac.kr

Growth Kinetics of Individual Au
Spiky Nanoparticles Using Liquid-Cell
transmission electron microscopy

Professor Bong-Joong Kim's research team is the first to identify the growth mechanism, kinetic characteristics, and
morphology of spiky gold nanoparticles in real-time by using the principle of electron beam radiation decomposition with
a transmission electron microscope* in a liquid phase with liquid cells. The results of this study are expected to benefit such
fields as surface plasmon resonance sensors, biosensors, pharmaceuticals, drug delivery, renewable energy, and catalyst
by identifying the principle to control size and morphology of particles that determine the physical properties of gold
nanoparticles.
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The spiky gold nanoparticles have a plasma resonance characteristic that can coordinate a wide range of
light waves in the ultraviolet region from visible rays according to the sharpness of the spines located on
the surface of the particles, enabling various interdisciplinary applications. In addition, this research has
been urgently required to observe the entire process of growth of gold nanoparticles produced in liquid
phase and in real-time as the size of gold particles also affects the light wavelength. For this purpose,
real-time liquid cell transmission electron microscopy, which enables real-time monitoring of nanoscale
particles in a liquid crystal, has been developed and utilized. However, it was difficult to identify the
source and process of producing pointed gold particles due to the problems regarding the difficulty
of removing bubbles and locating a single particle in a space created by e-beam exposure under
continuous e-beam irradiation.
By using the real-time liquid cell transmission electron microscopy technique, the research team was
able to completely remove bubbles by circulating water for an extensive time and created a single gold
nanoparticle growth environment by adjusting the electron beam size, dose*, and HAuCl4 solution
concentration. Additionally, the team used bright field imaging** that enables continuous electron beam
to be posed to the liquid phase.
*Electron beam dose rate: the number of electrons reaching a unit area (e.g. 1 nm2) in 1 second
**Bright field imaging: a technique for imaging by selecting the beam transmitted as an aperture of the
diffraction imaging
The aforementioned condition allowed the team to identify during growth, gold particles turn into
particles with roughened surface from the faceted ones which are bounded by flat faces, (Fig. 1) and that
they change in a wide range of wavelengths (530-1120 nanometers) through the UV-vs spectroscopy. (Fig.
2) In addition, the theoretical modeling was able to quantitatively determine the gold concentration on
the particle surface over time. (Fig. 3) Furthermore, the time to change the morphology of gold particles
into a completely spiky form was inversely proportional to the density of the particles, (Fig. 4(c)) and
the density of the particles was found to be proportional to the density of the beam dose rate but not
strongly dependent on the solution concentration.
This research achievement is the first to quantify the nucleation, growth, and morphology of spiky
gold nanoparticles which are used in a wide range of fields such as optics, energy, catalysts, and
biotechnology through homogenous nucleation*. This is of great significance in revealing the
fundamental principles of producing materials via nucleation, along with developing new applications.
*Homogeneous nucleation: The process to create materials via supersaturation of solute atoms in a
solution without using defect sites (i.e., vacancies, dislocations, voids etc)
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• Wan-Gil Jung, Jeung Hun Park, Yong-Ryun Jo, and Bong-Joong Kim*, “Growth kinetics of individual Au spiky
nanoparticles using liquid-cell transmission electron microscopy”, J. Am. Chem. Soc. 141, 12601-12609 (2019).
Press release
• Dongascience, Edaily etc
This research was supported by the “GIST-Caltech Research Collaboration” grant funded by the GIST in 2019
and NRF-2017R1A2B4003615.

Fig. 1_ In situ observation of a single Au particle growth, and the schematics
for the change of particle morphology.

Fig. 2_ UV−vis spectroscopy results for growth kinetics.

Fig. 3_ Kinetic analyses of single Au particle growth with the estimated
composition at the surface of the particle based on a theoretical model.

Fig. 4_ Density analyses of the particles grown at various dose rates and
solution concentrations in a constant-sized irradiated cylinder, and the
dependence of the parameters on morphology transition time.
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Jaewook Lee
jaewooklee@gist.ac.kr

Development of homogenization method
for magnetic composite composed of soft
and hard ferromagnetic materials

Electromechanical devices such as electric motors and actuators utilize the mechanical force generated by the magnetic
field. Generally, the magnetic field is produced by a permanent magnet or electromagnet. A permanent magnet using hard
ferromagnetic material has a limitation in which the magnetic field strength is fixed and cannot be controlled. On the other hand,
an electromagnet using soft ferromagnetic material has a limitation in which the magnetic field cannot be generated without
an electric current in the coil. The present research proposed magnetic composites using periodic microstructures composed of
soft and hard ferromagnetic materials. The proposed magnetic composites can generate a magnetic field without a coil current
like a permanent magnet, and it can control the magnetic field strength using a coil current like an electromagnet. In the present
research, a numerical method is proposed for the calculation of homogenized material properties of the magnetic composite
such as magnetic permeability and remanence. The proposed homogenization method enables us to design the periodic
microstructures of the magnetic composite, which might lead to the development of ultra-high-performance electric motors that
can exceed the limitation of the current technology.
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Electric motors were commercialized more than 100 years ago, and thus, their research field is matured.
Recently, active research on electric motors has been carried out in the automobile industries. However,
most of the relevant research has focused on the development of commercialized technology for the
development of mass-produced electric motors. In particular, research on electric motors in South Korea
has already reached world-class levels in home applications and automobile industries. However, it is
limited in monotonous approaches. In other words, most existing research on electric motors is being
conducted based on a conservative approach to developing low-priced motors while compromising
the required performance. Electric motors are one of the key components of the automobile, aerospace,
robotics, and biomechanical industries. These industries require the development of ultra-highperformance devices that exceed the performance of existing electric motors. For these industrial
demands, creative ideas are required that are different from existing research approaches.
Figure 1 shows the concept of a magnetic composite that can generate its own magnetic fields while
controlling magnetic fields by coil currents simultaneously. In this study, we proposed a microstructure
that combines soft ferromagnetic, hard ferromagnetic, and non-magnetic materials with repetitive
patterns. The performance analysis of a microstructure consisting of heterogeneous materials requires
very high computational costs. This makes it difficult to design the magnetic composite microstructure
required for electric motors. To solve this problem, a multiscale analysis can be applied using
homogenized material properties of microscale microstructures for macroscale analysis. In this study, the
numerical asymptotic homogenization method for the microstructure that combined soft ferromagnetic,
hard ferromagnetic, and non-magnetic materials was first developed. Figures 2 and 3 show the analysis
results of the developed homogenization method in the three-dimensional model. The left side of Fig.
2 is a multiscale analysis model with homogenized properties, and the right side is a model with direct
analysis of heterogenous materials. The magnetic field distributions in Fig. 3 show that the developed
method can calculate the magnetic field within 2% error at a cost of less than 1/10 of the direct analysis
method.
The present study is of great academic significance in that it first developed the numerical
homogenization methodology of magnetic composite combined with soft/hard ferromagnetic materials.
These results led to a follow-up study of an optimal design of a microstructure layout and shape of the
magnetic composite. The designed magnetic composite is expected to result in the development of
ultra-high-performance electric motors that exceed the performance of existing devices.
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• J. Lee*, T. Nomura, and E. M. Dede, “Asymptotic homogenization of magnetic composite for controllable
permanent magnet”, Composites Part B 161, 128-140 (2019)

Research Funding

This research was supported by Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (NRF-2016 R1D1A1B03931138), and Global University Project
(GUP) grant funded by the GIST in 2018.

Fig. 1
Magnetic composite using
periodic microstructure
composed of soft and hard
ferromagnetic materials [Lee,
Nomura, and Dede, Composites
Part B, 161, 128–140 (2019)].

Fig. 2
Multiscale analysis model using
the proposed homogenization
method (left) and direct analysis
model of heterogeneous
microstructures [Lee, Nomura,
and Dede, Composites Part B,
161, 128–140 (2019)].

Fig. 3
Magnetic field analysis result.
Multiscale analysis using
proposed homogenization
method (left) and direct analysis
of heterogenous microstructures
(right) [Lee, Nomura, and Dede,
Composites Part B, 161, 128–140
(2019)].
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In S. Kim
iskim@gist.ac.kr

Implications of Chemical Reduction Using
Hydriodic Acid on the Antimicrobial
Properties of Graphene Oxide and Reduced
Graphene Oxide Membranes

The antimicrobial properties of graphene‐based membranes such as single‐layer graphene oxide (GO) and modified graphene
oxide (rGO) on top of a cellulose ester membrane are reported in this study. rGO membranes are made from GO by hydriodic
acid (HI) vapor treatment. The antibacterial properties are tested after 3 h contact time with selected model bacteria. Complete
bacterial cell inactivation is found only after contact with rGO membranes, while no significant bacterial inactivation is found
for the control i) GO membrane, ii) the mixed cellulose ester support, and the iii) rGO membrane after additional washing that
removes the remaining HI. This indicates that the antimicrobial effect is neither caused by the graphene nor the membrane
support. The antimicrobial effect is found to be conclusively linked to the HI eliminating microbial growth, at concentrations
from 0.005%. These findings emphasize the importance of caution in the reporting of antimicrobial properties of graphene‐
based surfaces.
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In this study, the main objectives were to determine the antimicrobial potential of GBMs and to
investigate whether the degree of oxygen functional groups on GBMs could impact their antimicrobial
properties. It was hypothesized that the reduction of the GO membrane would reduce the band gap,
thereby increasing its electrical conductivity. Since the electron is vital to cellular metabolism, GBMs
would act as a conductive bridge over the insulating lipid bilayer to release internal microbial electrons
into their external environment, which would, in turn, deactivate the microbial cell. To investigate such a
phenomenon, the reduction degree of the GO membrane was controlled by exposure to HI vapor with
respect to time. Previous studies from our laboratory already showed that the reduction degrees of GO
membranes could be controlled by varying the exposure time of such membranes to HI vapor.
A GO membrane was reduced via the thermal method in order to validate the effect of chemical residue
on the antimicrobial property of rGO. Bacterial viability assessments and live/dead observations were
conducted by contacting both P. aeruginosa PAO1 and Bacillus sp. bacterial cells with the GBMs for 3 h,
and the viability and microscopic observation after contact were conducted (Figs. 7 and 8). Thermally
reduced GO demonstrated no antimicrobial property against the bacterial cells, while the HI-vaporreduced GO showed a clear and robust antimicrobial effect. The toxicity of HI solution was investigated
by contacting P. aeruginosa PAO1 and Bacillus sp. bacterial cells with varying concentrations of HI
solution for 3 h and subsequently enumerating the CFU counts (Fig. S5, Supporting Information). The
results showed that HI solution is very toxic at 0.005% and above, and at these concentrations, complete
inactivation of the bacterial cells was observed. With decreasing HI concentration, the toxicity was also
reduced.
Because of the success recorded in the performance test of GBMs for water treatment and desalination
by our group, follow‐up research was done to assess the antimicrobial effects of these membranes
because biofouling is a major drawback faced by membrane‐based technology for desalination and
water treatment. However, the results in this present work demonstrated that 1) the stacked GO and rGO
membranes did not show notable antimicrobial property sufficient for biofilm control in membrane‐
based water treatment systems. This is in contrast to some studies but in agreement with others.
GBMs fabricated following the methods reported in this work did not show a significant antimicrobial
effect, and 2) the antimicrobial effect of the GBM in this study is strictly caused by very low residual
concentrations of the hydriodic acid solution used in the graphene oxide reduction process.
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This work was supported by the Korea Environmental Industry & Technology Institute (KEITI) through
Industrial Facilities & Infrastructure Research program, funded by the Korea Ministry of Environment (MOE)
(RE201901124 and RE201901110).

Fig. 1
Effect of reduction methods on
P. aeruginosa PAO1 after contact
for 3 h. a) Bacterial viability (CFU
counts) and b) fluorescence
images (green, live bacteria; red,
dead bacteria) on i) MCE support,
ii) GO, iii) thermally reduced, and
iv) chemical reduction (HI). White
bar: 50 µm.

Fig. 2
Effect of reduction methods on
Bacillus sp. after contact for 3 h.
a) Bacterial viability (CFU counts)
and b) fluorescence images
(green, live bacteria; red, dead
bacteria) on i) MCE support, ii)
GO, iii) thermally reduced, and iv)
chemical reduction (HI). White
bar: 50 µm.
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Role of SIRT1 in Modulating Acetylation
of the SarcoEndoplasmic Reticulum Ca2+ATPase in Heart Failure

We demonstrate that acetylation is another essential PTM that modulates the activity of SERCA2a. Acetylation of SERCA2a
was significantly elevated in human and animal failing hearts and correlated with the reduced SERCA2a activity. Moreover,
our data provide clear evidence that SERCA2a is a direct substrate of SIRT1 and p300 (histone acetyltransferase p300). SIRT1
activation by β-lap (β-lapachone), a metabolic activator of SIRT1, significantly reduced acetylation and restored the SERCA2a
function, resulting in beneficial outcomes under cardiac insults. This study provides a novel strategy for the restoration of
contractile dysfunction of failing hearts.
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SERCA2a (sarcoplasmic/endoplasmic reticulum Ca2+ ATPase 2a, the major isoform of SERCA expressed in
cardiomyocytes) plays an essential role in the regulation of cardiac contractility. It transports cytoplasmic Ca2+
into the sarcoplasmic reticulum (SR). Ca2+ stored within the SR is released with each action potential to induce
contraction, and muscle contraction is terminated when this Ca2+ is transported back into the SR. The rate of
SR Ca2+ uptake dictates the rate of myocardial relaxation, and the amount of SR Ca2+ loading determines the
amount of Ca2+ stored for the next contraction. In this way, regulation of SERCA2a activity controls both cardiac
contractility and lusitropy. This is exemplified by stress responses that drive activation of the sympathetic/
β-adrenergic system, which indirectly activates SERCA2a by relieving PLB (phospholamban)-mediated inhibition.
The resultant increases in SERCA2a activity lead to both increased myocardial contractility and cardiac relaxation.
Although control of SERCA2 function in acute stress responses is well defined, regulatory mechanisms that control
SERCA2a function in chronic stress states such as heart failure (HF) are less well understood. We showed that the
activity of SERCA2a is enhanced by post-translational modification with SUMO1 (small ubiquitin-like modifier 1).
However, the roles of other post-translational modifications on SERCA2a are still unknown. In this study, we aim to
assess the role of lysine acetylation on SERCA2a function and determine whether inhibition of lysine acetylation
can improve cardiac function in the setting of heart failure.
The acetylation of SERCA2a was significantly increased in failing hearts of humans, mice, and pigs, which
is associated with the reduced level of SIRT1 (sirtuin 1), a class III histone deacetylase. Downregulation
of SIRT1 increased the SERCA2a acetylation, which in turn led to SERCA2a dysfunction and cardiac
defects at baseline. In contrast, pharmacological activation of SIRT1 reduced the SERCA2a acetylation,
which was accompanied by recovery of SERCA2a function and cardiac defects in failing hearts. Lysine
492 (K492) was of critical importance for the regulation of SERCA2a activity via acetylation. Acetylation
at K492 significantly reduced the SERCA2a activity, presumably through interfering with the binding
of ATP to SERCA2a. In failing hearts, acetylation at K492 appeared to be mediated by p300 (histone
acetyltransferase p300), a histone acetyltransferase.
In this study, we demonstrate a novel regulatory mechanism for cardiac function whereby lysine
acetylation influences the activity of SERCA2a, a key molecule involved in the regulation of cardiac
contractility. In addition, the beneficial effects of SERCA2a deacetylation on cardiac function via SIRT1
activation suggest that targeting SERCA2a’s PTMs may provide a novel therapeutic strategy for the
treatment of HF.
Paper
• Gorski, PA, Jang, SP, Jeong, D, et al. Role of SIRT1 in modulating acetylation of the sarco-endoplasmic
reticulum Ca2+-ATPase in heart failure. Circ Res. 2019;124:e63–e80. doi: 10.1161/CIRCRESAHA.118.313865
Crossref. PubMed.on the antimicrobial properties of graphene oxide and reduced graphene oxide
membranes. Small, 15(28), 1901023.
This research was supported by a grant from Basic Science Research Program (2017R1A2B4007340), a grant
from Basic Research Laboratory Program (2016R1A4A1009895), and a grant from Bio & Medical Technology
Development Program (NRF-2015M3A9E6028951), funded by the National Research Foundation (NRF) of
Korea.
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Acetylation at K492 plays a
critical role in regulating SERCA2a
(sarco-endoplasmic reticulum Ca
2+ -ATPase) activity.
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Cholesterol metabolism regulates
osteoarthritis

We show that the CH25H–CYP7B1–RORα axis of cholesterol metabolism in chondrocytes is a crucial catabolic regulator of
the pathogenesis of osteoarthritis (OA). OA chondrocytes had increased levels of cholesterol because of enhanced uptake,
upregulation of cholesterol hydroxylases (CH25H and CYP7B1), and increased production of oxysterol metabolites. Adenoviral
overexpression of CH25H or CYP7B1 in mouse joint tissues caused experimental OA, whereas knockout or knockdown of
these hydroxylases abrogated the OA pathogenesis. Moreover, retinoic-acid-related orphan receptor alpha (RORα) was found
to mediate the induction of OA by alterations in cholesterol metabolism. These results indicate that OA is a disease associated
with metabolic disorders and suggest that targeting the CH25H–CYP7B1–RORα axis of cholesterol metabolism may provide a
therapeutic avenue for treating OA.
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Osteoarthritis (OA)—the most common form of age-related degenerative whole-joint disease—
is primarily characterized by cartilage destruction, as well as by synovial inflammation, osteophyte
formation, and subchondral bone remodeling. However, the molecular mechanisms that underlie the
pathogenesis of OA are largely unknown. Although OA is currently considered to be associated with
metabolic disorders, direct evidence for this is lacking, and the role of cholesterol metabolism in the
pathogenesis of OA has not been fully investigated. Various types of cholesterol hydroxylases contribute
to cholesterol metabolism in extrahepatic tissues by converting cellular cholesterol to circulating
oxysterols, which regulate diverse biological processes.
We show that the CH25H–CYP7B1–RORα axis of cholesterol metabolism in chondrocytes is a crucial
catabolic regulator of the pathogenesis of OA. We first found that chondrocytes in OA cartilage and
primary-culture chondrocytes treated with OA-associated catabolic signaling increases cholesterol
uptake via LOX1-mediated influx into chondrocytes. OA chondocytes also exhibited upregulation of
the cholesterol hydroxylases, CH25H and CYP7B1, with corresponding production of their oxysterol
metabolites. Adenovirus-mediated overexpression of individual cholesterol hydroxylase (CH25H or
CYP7B1) in mouse joint tissues via intra-articular injection caused experimental OA including cartilage
destruction, osteophyte formation, subchondral bone sclerosis, and OA-associated pain. In contrast,
knockout or knockdown of these hydroxylases abrogated all manifestations of experimental OA. We
also found that retinoic-acid-related orphan receptor alpha (RORα) is a downstream target transcription
factor for oxysterols and mediates pathogenesis of cholesterol metabolism-induced OA. Similar to
cholesterol hydroxylase, adenovirus-mediated overexpression of RORα caused OA pathogenesis in mice,
whereas RORα staggerer mice (RoraSg/Sg), which lack the RORα ligand-binding domain, exhibited
abrogation of experimental OA. Finally, we demonstrated that the CH25H–YP7B1–RORα axis of
cholesterol metabolism regulates OA pathogenesis by regulating expression of matrix-degrading
enzymes in chondrocytes. Our results collectively indicate that OA is a disease associated with metabolic
disorders and suggest that targeting the CH25H–CYP7B1–RORα axis of cholesterol metabolism may
provide a therapeutic avenue for treating osteoarthritis.
OA is currently considered to be associated with metabolic disorders, but direct evidence for this is
lacking, and the role of cholesterol metabolism in the pathogenesis of OA has not been fully investigated.
We demonstrated that the CH25H–CYP7B1–RORα axis of cholesterol metabolism is a critical catabolic
regulator of OA pathogenesis. Therefore, our results collectively indicate that OA is a disease associated
with metabolic disorders and suggest that targeting the CH25H–CYP7B1–RORα axis of cholesterol
metabolism may provide a therapeutic avenue for treating osteoarthritis.
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This work was supported by grants from the National Research Foundation of Korea (2016R1A3B1906090
and 2016R1A5A1007318), the Korea Healthcare Technology R&D project of the Korea Health Industry
Development Institute (HI16C0287 and H114C3484), and the GIST Research Institute (GRI).

Damaged

Fig. 1_ Human osteoarthritic (OA) cartilage

Sham surgery

DMM surgery

Fig. 2_ Mouse OA cartilage tissue caused by DMM surgery

Fig. 3_ The CH25H–CYP7B1–RORα axis of cholesterol metabolism regulates osteoarthritis.
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Humidity-Tolerant Roll-to-Roll Fabrication
of Perovskite Solar Cells via PolymerAdditive-Assisted Hot Slot Die Deposition

Heating-assisted deposition is an industry-friendly scalable deposition method. This manufacturing method is employed
together with slot die coating to fabricate perovskite solar cells via a roll-to-roll process. The feasibility of the method is
demonstrated after initial testing on a rigid substrate using a benchtop slot die coater in air. The fabricated solar cells exhibit
power conversion efﬁciencies (PCEs) up to 14.7%. A nonelectroactive polymer additive is used with the perovskite formulation
and found to improve its humidity tolerance signiﬁcantly. These deposition parameters are also used in the roll-to-roll setup.
The perovskite layer and other solution-processed layers are slot die coated, and the fabricated device shows PCEs up to
11.7%, which is the highest efﬁciency obtained from a fully roll-to-roll processed perovskite solar cell to date.
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Organic-inorganic hybrid perovskite solar cells (PeSCs) have attracted significant attention in recent years
owing to their remarkable device efficiency, as expected from the tunable band gap, high absorption
coefficient, small exciton binding energy, and long diffusion length in this photovoltaic material, and
the best efficiency to have been certified to date is 25%. Since the achievement of this record device
efficiency, which is high enough for use in commercial applications, other issues like stability and
reliability of scalable deposition methods, such as slot die coating, blade coating, and spray coating have
attracted attention for the potential commercialization of PeSCs.
In this study, a hot deposition method was introduced as a promising approach to solve these stable and
reliable issues. This approach leads to large grain size and reduced recombination. We also employed hot
deposition at a high temperature above 100 °C to reduce the exposure time to humid air of the coating
environment, achieving more reliable device fabrication. Furthermore, we found that the addition of a
proper polymer additive makes the process tolerant to moisture in the air. Conclusively, we fabricated
fully printed flexible perovskite solar cells (excluding electrode) with a hot deposition method via a rollto-roll process.
First of all, the hot-deposition approach was found to be useful for slot die coating while fabricating
perovskite solar cells. By simply heating the coating bed to 130 °C during fabrication, the obtained
devices exhibited a relatively high PCE of 14.7%. This method is scalable and can be performed in an
uncontrolled ambient environment without additional processes such as gas blowing or antisolvent
dripping, which would be difﬁcult to use in an industrial manufacturing process. Next, a polymer additive
was introduced to improve the processability and was found to be useful for improving the tolerance to a
high humidity processing environment. The device with 0.2 wt% of polyethylene oxide in the perovskite
precursor solution fabricated in high humidity (55 ± 5% RH) showed comparable performance to that of
the best-performing device prepared in a dry environment (30 ± 5% RH), while the device without the
polymer additive showed significant performance loss. To the best of our knowledge, this study is the
first demonstration of a reliable deposition process in a humid environment during coating. Finally, hot
deposition was successfully carried out not only on rigid glass substrates but also on ﬂexible substrates
via a roll-to-roll process. The produced devices exhibited a PCE of 11.7%, which is currently the highest
performance from fully (excluding electrodes) roll-to-roll-processed perovskite solar cells. The effect
of the polymer additive in the roll-to-roll process was also conﬁrmed. The reliability was significantly
improved in a humid environment by adding polyethylene oxide to the precursor solution.
Our work is developing a hot slot die coating method that can be used for the reliable fabrication of
PeSCs via a roll-to-roll process in air. The perovskite and other solution-processed layers were slot die
coated. The deposition parameters were optimized using a 3D-printer-based slot die coater (3D coater)
that was developed for roll-to-roll processing in a laboratory. These deposition parameters were then
translated to the roll-to-roll system without reoptimization, and high-performance devices could be
produced reliably in uncontrolled ambient air. These results demonstrate a low-cost manufacturing
method for ﬂexible perovskite solar cells that can be used in commercial applications.
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This work was supported by Australian Centre for Advanced Photovoltaics (ACAP) program funded by the
Australian Government through the Australian Renewable Energy Agency (ARENA) and the National Research
Foundation of Korea (NRF) grant funded by the Korea government (Grant No. NRF-2018R1A2A1A05078791)
and the Korea Institute of Energy Technology Evaluation and Planning (KETEP), the Ministry of Trade, Industry
& Energy (MOTIE) of the Republic of Korea (Grant No. 20163030013900), and the GIST Research Institute (GRI)
grant funded by the GIST in 2018.

Fig. 1
(a) Schematic illustration of
the device architecture and
slot die coating of perovskite
solar cells with high processing
temperature. (b) J–V curves
from slot die coated perovskite
solar cells fabricated at the
temperature ranging from 60 ℃
to 130 ℃

Fig. 2
(a) Photo of the slot die coater
equipped to a roll-to-roll
machine used in this work,
and all 40 roll-to-roll coated
perovskite devices on the ﬂexible
substrate (inset). (b) J–V curve
showing the device performance
and hysteresis between slot die
coated perovskite devices at low
humidity (30 ± 5% RH) deposited
on the glass substrate and R2R
ﬂexible substrate.

37

President's Message l Vision l Main Achievement l GIST Research Institutes l Research & Development Budget l Research Outcomes
GIST’s Top 11 Research Achievements of 2019 l GIST’s Research Highlights of 2019

GIST’s Top11
Research Achievements of 2019
Research Institute for
Solar and Sustainable
Energies (RISE)

Kwanghee Lee
klee@gist.ac.kr

Efficient Charge Carrier Injection and
Balance Achieved by Low Electrochemical
Doping in Solution‐Processed Polymer
Light‐Emitting Diodes

Charge carrier injection and transport in polymer light-emitting diodes (PLEDs) is strongly limited by the energy-level offset at organic/
(in)organic interfaces and the mismatch in electron and hole mobilities. Herein, these limitations are overcome via electrochemical
doping of a light-emitting polymer. Less than 1 wt% of electrochemical doping agent (EDA) is enough to tune charge injection and
balance effectively and hence significantly improve PLED performance. For thick single-layer (1.2 μm) PLEDs, dramatic reductions in
current and luminance turn-on voltages accompanied by reduced efficiency roll-off are observed. Such efficient charge injection and
balance properties achieved in doped PLEDs are attributed to a strong electrochemical interaction between the polymer and the doping
agents, which is probed by in situ electric-field-dependent Raman spectroscopy combined with further electrical and energetic analysis.
This approach to control charge injection and balance in solution-processed PLEDs by low electrochemical doping provides a simple yet
feasible strategy for developing high-quality and efficient lighting applications that are fully compatible with printing technologies.
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Polymer light-emitting diodes (PLEDs) consisting of solution-processed π-conjugated polymers (π-CPs)
sandwiched between high- and low-work-function contact electrodes are a well-established technology
for high-quality, low-cost, flexible, and transparent display applications. To achieve high brightness and
high efficiency, PLEDs require good ohmic contact between the electrodes and semiconducting layer(s),
where the lowest possible electronic energy level difference is required to ensure efficient charge
injection and charge balance. The development of solution-processed π-CPs with a sufficiently high or
low work function presents a significant challenge, leading to an energy-level mismatch between the
work function of the metal electrode (or organic layers) and the highest occupied/lowest unoccupied
molecular orbital (HOMO/LUMO) level of π-CPs.
There has been considerable effort devoted to overcoming these large band-edge offsets by inserting
additional charge injection and transport layers. The chemical doping of π-CPs with molecular Lewisacid dopants is typically used to control the charge carrier density and thus the electronic energy levels
of π-CPs. However, although the approach appears effective for reducing the charge injection barrier,
conventional PLEDs still suffer from low device efficiency, thickness-dependent turn-on voltage, and
serious efficiency roll-off due to poor charge injection and balance. In this study, we demonstrate a novel
solid-state EDA that can form a homogeneous blend system with π-CPs and control the interface energetics
via electrochemical doping (Fig. 1a). We found that the PLEDs with an ultratrace level of EDA (0.5 wt%) had
decreased the energy-level offset, and thus turn-on voltages (Fig. 1b). The reduction in the turn-on voltage
was more pronounced for ultrathick devices, which generally demonstrate worse injection than for thin
devices. For example, π-CPs:EDA devices with a 1.2-µm thickness reduce the current and luminance turnon voltages by 8.4 and 7.1 V, respectively (Figs. 2a and 2b). In addition, the optimized π-CPs:EDA PLEDs
showed homogeneous emission in large-area devices (1 × 1 cm2) along with a thickness-independent turnon voltage, minimized efficiency roll-off (1% decrease at 20,000 cd/m2 of 90 nm), and an extended half-life
(from 26 to 35.5 h), which are attributed to the improved charge injection and balance, thus shifting the
recombination zone away from the quenching interfaces. The results above are fully confirmed by in situ
electric-field-dependent Raman spectroscopy (Figs. 3a– 3c). Based on the evidence, we suggest a possible
mechanism on the electrochemical doping of π-CPs by EDA (Figs. 3d and 3d).
Although many studies have described blend systems of π-CPs and unstable liquid-state electrochemical
dopants, the EDA molecules used here include a long alkyl chain in the cation, are solid at room temperature,
and provide a favorable surface energy relative to π-CPs, thereby allowing an efficient electrochemical
doping process. This achievement enables uniform emission in large-area devices, along with an improved
turn-on voltage, reduced efficiency roll-off, and longer operational lifetimes. The more pronounced
improvement in the micrometer-thick devices and the high compatibility of EDA with other π-CP systems via
solution processing mean that this approach can provide a robust and simple method for achieving highperformance printable light-emitting applications without the need for postdeposition processing.
Paper
• Efficient Charge Carrier Injection and Balance Achieved by Low Electrochemical Doping in Solution‐Processed
Polymer Light‐Emitting Diodes”, Hao Yan, Saurav Limbu, Xuhua Wang, James Nightingale, Iain Hamilton,
Sooncheol Kwon*, Kwanghee Lee* and Ji-Seon Kim*, Adv. Functional Mater., 29, 1904092 (2019).
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The authors acknowledge the UK Engineering and Physical Sciences Research Council (EPSRC) for Plastic
Electronics Doctoral Training Centre (EP/G037515/1 and EP/L016702/1), and Cambridge Display Technology
Ltd. (CDT) for a CASE studentship and supplying TFB and F8BT polymers. In addition, the authors gratefully
acknowledge support from the Global Research Laboratory Program of the National Research Foundation
(NRF) funded by the Ministry of Science, Information and Communications Technology (ICT) and Future
Planning (NRF-2017K1A1A2013153) and the Young Researchers Program of the National Research Foundation
(NRF) funded by the Ministry of Science, ICT and Future Planning (NRF-2018R1C1B6006177).

Fig. 1
(a) Chemical structures of F8BT
and EDA molecules and the
conventional PLED architecture
of ITO/PEDOT:PSS/TFB/neat F8BT
(or F8BT:EDA)/Ca/Al.
(b) Energy-level diagram of PLED
showing a large HOMO-level
offset for hole injection (ΔEh ≈
0.5 eV) at the ITO/PEDOT:PSS/TFB
and F8BT interface.

Fig. 2
(a) J-V-L characteristics of 1.2-µmultrathick devices with/without EDA.
(b) Turn-on voltages for luminance
(VL) as a function of the thicknesses
for neat F8BT and F8BT:EDA PLEDs.
Note: The left Y-axis and right-Y-axis
are for thin devices (60–200 nm)
and thick devices (650–1200 nm),
respectively. The inset graph shows
the reduced turn-on voltages by EDA
(ΔVL) as a function of the thickness.

Fig. 3
(a),(b) In situ electric-fielddependent Raman spectra of
neat F8BT and F8BT:EDA devices,
respectively. (c) Normalized and
enlarged Raman spectra (inset) of
an F8BT:EDA device (normalized
to the 1608 cm-1 peak), where
the arrows indicate an increase in
the Raman intensity of selected
peaks (1457 cm-1) under the
electric field. (d) The proposed
mechanism for improved charge
(hole) injection and charge
balance in an F8BT:EDA device
via electrochemical hole doping
of F8BT by anion PF6 in EDA
molecules (inset).
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Can armored stem cells recover a damaged
heart after myocardial infarction?

In this study, we enhanced the mesenchymal stem cell survival rate in active oxygen stress conditions. It was observed
that graphene-alginate-encapsulated mesenchymal stem cells increased the cardiomyocyte survival rate and functional
proteins, such as troponin, in a co-culture system. Furthermore, in a myocardial infarction animal model, we injected reduced
graphene-oxide/alginate-encapsulated mesenchymal stem cells into the left ventricle wall. These encapsulated stem cells
showed increased therapeutic effect as determined by echocardiographic analysis and histological assessment.
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Paracrine effects of transplanted mesenchymal stem cells (MSCs) have been highlighted to play major
roles in heart regeneration by secreting multiple growth factors and immune-modulatory cytokines.
Nevertheless, their therapeutic efficacy still remains low, which is strongly associated with low viability
and activity of the transplanted stem cells because the transplanted MSCs are exposed to high shear
stress during injection and harsh tissue environments (for example, high oxidative stress and host
immune reactions) post-injection. In this study, we aimed to develop novel injectable MSC-delivery
microgel systems possessing high anti-oxidant activities.
Reduced graphene oxide/alginate has an anti-oxidant effect via scavenging active oxygen. In the cell
therapy field, MSCs are considered reliable tools for various diseases. However, after transplantation into
host tissues, MSCs cannot survive for a long time because of several issues, such as active oxygen stress
and immune rejection.
In our research, we encapsulated MSCs with reduced graphene oxide/alginate and improved graphene
oxide encapsulation that can enhance the cell survival rate under active oxygen stress conditions. In
co-culture studies with primary cardiomyocytes in active oxygen stress conditions, encapsulated MSCs
increased the cardiomyocyte survival rate and troponin expression level.
In the surgical animal model of myocardial infarction, the graphene-oxide-encapsulated MSCs group shows the
most effective therapeutic result as determined by echocardiographic analysis and histological assessment.
We have devised a novel injectable MSCs delivery system that displays a high anti-oxidizing ability. MSCs
were encapsulated in GO/alginate microgels, and a further mild chemical reduction enabled the production
of r(GO/alginate), which possessed a high anti-oxidizing activity without depleting cell viability.
In this study, we have investigated that effects of MSC delivery strategies using r(GO/alginate) in a model
of cardiac disease. We believe that the positive findings in this study using reduced graphene microgels
can provide further research impetus to investigate the benefits of this approach in other models of
tissue degeneration with high oxidative stress, such as inflammatory bowel disease, spinal cord injury,
and bone/joint degeneration.
Paper
•C
 hoe, Goeun, et al. "Anti-oxidant activity reinforced reduced graphene oxide/alginate microgels: Mesenchymal
stem cell encapsulation and regeneration of infarcted hearts." Biomaterials 225 (2019): 119513.
Press release • C
 an armored stem cells recover damaged heart after myocardial infarction?
(https://hellodd.com/?md=news&mt=view&pid=69885)
J.Y.L.acknowledges the support by a grant of the Korea Health Technology R&D Project through the Korea
Health Industry Development Institute(KHIDI), funded by the Ministry of Health and Welfare(HI14C3484),
Republic of Korea. This work was also supported by GIST Research Institute(GRI) in 2019. D.R.W. is supported
by the Bio&Medical Technology Development Program of the NRF funded by the Korean government, MSIP
(NRF-2015M3A9C6030838)
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Fig. 1
Immunostaining and histological
assessment of infarcted cardiac
tissue after transplantation with
graphene-oxide-encapsulated
mesenchymal stem cells.

Mesenchymal stem
cell treatment

Mesenchymal stem cell + reduced
graphene/alginate treatment

Mesenchymal stem cell +
graphene/alginate treatment

Fig. 2
Scheme of the myocardial infarction
model and graphene-oxideencapsulated mesenchymal stem
cell transplantation.
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Sound Localization Based on Phase
Difference Enhancement Using Deep Neural
Networks

The performance of most of the classical sound-source localization algorithms degrades seriously in the presence of background
noise or reverberation. Recently, deep neural networks (DNNs) have successfully been applied to sound-source localization, which
mainly aim to classify the direction-of-arrival (DoA) into one of the candidate sectors. In this paper, we propose a DNN-based
phase difference enhancement for DoA estimation, which turned out to be better than the direct estimation of the DoAs from the
input interchannel phase differences (IPDs). The sinusoidal functions of the phase differences for ``clean and dry'' source signals
are estimated from the sinusoidal functions of the IPDs for the input signals, which may include directional signals, diffuse noise,
and reverberation. The resulted DoA is further refined to compensate for the estimation bias near the end-fire directions. From the
enhanced IPDs, we can determine the DoA for each frequency bin and the DoAs for the current frame from the distributions of the
DoAs for frequencies. Experimental results with various types and levels of background noise, reverberation times, numbers of
sources, room impulse responses, and DoAs showed that the proposed method outperformed conventional approaches.

Background
[objectives]

Contents

Expected effect

Research outcomes

42

For several decades, sound-source localization (SSL) has been considered one of the important
tasks using multiple microphone signals. There are many modern commercial devices with multiple
microphones including smartphones, smart speakers, and hearing aids, for which SSL can be utilized for
speech enhancement, speech recognition, speech reinforcement, and so on. However, the performance
of the traditional source localization techniques may degrade seriously in the presence of noise and
reverberation.
Various approaches have been proposed for SSL. Recently, several approaches for SSL based on DNNs
have been proposed. Most of the previous approaches to SSL using DNNs focused on the classification of
the DoAs into predefined sectors, which may inherently result in the limited precision of DoA estimation.
The role of the DNN in the proposed approach is to estimate the phase differences of the dominant
signal in the given TF bin free from interference, noise, and reverberation using the input phase
differences. One of popular cost functions for the DNN-based regression tasks is the mean squared error
(MSE), but MSE is not suitable for the estimation of the phase differences. We use the sinusoidal functions
of the IPDs as input and output features of the DNN, while retaining the MSE cost function.
The DNN has three hidden layers with 2048 units each. The IPD of the single dominant source is
estimated from the output of the DNN with the four-quadrant inverse tangent function using the
outputs of the DNN. Then, the DoA estimate is obtained from the equation.
The source localization for each TF bin is useful for some applications such as the noise suppression in the
frequency domain and speech reinforcement. For other applications that require the estimated DoAs for each
time frame only, we can locate multiple sources for each frame from the estimated DoAs for all frequencies. In
this paper, we applied k-means clustering for the distribution of the DoAs within N time segments.
In this paper, we have proposed a source localization algorithm using a DNN for phase difference
enhancement. The role of the DNN is to estimate sinusoidal functions of the IPD for one dominant
directional signal without noise or reverberation for each TF bin from the sinusoidal functions of the IPDs
for input signal, which may contain multiple directional source signals, ambient noise, and reverberation. To
compensate for the estimation bias near the end-fire directions, additional post-processing is applied. The
DoA for each TF bin is obtained from the enhanced phase difference. Framewise DoAs can be determined
from these DoA estimates through the k-means clustering, assuming that the maximum number of sources
is known in advance. This work may facilitate the research on source localization and speech enhancement
using multiple microphones equipped in devices such as smart phones, AI speakers, and earbuds.
Paper
• J. Pak and J. W. Shin, “Sound localization based on phase difference enhancement using deep neural networks,”
IEEE/ACM Transactions on Audio, Speech and Language Processing, vol. 27, no. 8, pp. 1335-1345, Aug. 2019.
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This work was supported by GIST Research Institute (GRI) grant funded by the GIST in 2019 and the
Technology Innovation Program (10076583, Development of free-running speech recognition technologies
for embedded robot system) funded by the Ministry of Trade, Industry & Energy (MOTIE, Korea).

Fig.

Comparison of the RMSEs for the proposed algorithm utilizing the enhanced IPD (PROP, right column) and two other methods (THO
[15], left column, and MA [23], middle column) for the localization of two sources in the reverberant conditions with shorter RT 60 (0.3
sec for small room and 0.375 for large room, top row) and longer RT 60 (0.7 sec for small room and 0.875 sec for large room, bottom
row) averaged over three noise types, three SNRs, and two different test rooms depending on the locations of two sources (θ 1θ 2).
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Hojung Nam

Big data/AI–driven drug development
platform construction

http://www.csblgist.net/

Conventionally, chemoinformatics and bioinformatics technologies for drug discovery have been developed. However, there
was no artificial-intelligence- (AI) based public platform for drug discovery that utilizes compound, assay, and protein data. In
this research, we developed a big data/AI–driven drug development platform, which contains more than 150,000 compounds
and protein profiles from Korean Chemical Bank. As a result, with an AI-based platform, the hit ratio increases 20 times more
than random screening in the best case.

Contents

Recently, studies using AI technology to dramatically reduce the cost and time required for new drug
development have been getting attention.
In this study, an AI-based drug-target-protein interaction-prediction platform was developed.
Specifically, by applying a convolutional neural network (CNN) on the protein amino acid sequence, the
AI model captures important regional sequence patterns by itself, and the patterns were used to predict
the interaction with the drug. As a result, we confirmed that the prediction performance was better than
the existing protein expression method and the existing deep learning model.
In order to verify the performance of the AI prediction model experimentally, proteins were selected
from various target protein classes, and binding to more than 150,000 compounds in the Korean
Chemical Bank (KCB) was predicted. As a result of conducting an assay experiment on the top 200–1000
compounds among the predicted compounds, it was confirmed that the performance improved over
random screening.
The AI-based drug discovery platform provides a browsing function through substructure and properties
of compounds in the KCB in addition to drug-target-interaction information. In addition, profiling of
experimental information on the target protein is provided through the UI.
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Paper
• Ingoo Lee, Jongsoo Keum, Hojung Nam*, "DeepConv-DTI: Prediction of drug-target interactions via deep
learning with convolution on protein sequences", PLoS Comput Biol. 2019 Jun 14;15(6):e1007129.
(JCR top 8%)
Press release
• Discover new drug candidates faster with AI (Dongascience, 2019.06.18)
Other
• AI/big-data–based platform for drug discovery
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (Grant No. NRF-2018M3A9A7053266).
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Fig. 1
Visualization of CNN shows the
DeepConv-DTI model highlights
binding sites.

Fig. 2
Hit ratio increase for each protein
class.
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Achieving Thickness-Insensitive Morphology
of the Photoactive Layer for Printable
Organic Photovoltaic Cells via Side Chain
Engineering in Nonfullerene Acceptors
Seongyu Lee, Kwang Hun Park, Jong-Hoon Lee, Hyungcheol Back, Min Jae Sung, Jinho Lee, Jehan Kim, Heejoo Kim,
Yun-Hi Kim, Soon-Ki Kwon

Although high-power conversion efficiency of over 14% has been achieved using nonfullerene acceptors (NFAs) in organic
photovoltaics (OPVs), securing their insensitive device performance to the thickness of the photoactive layer remains an
indispensable requirement for their successful commercialization via printing technologies. In this study, by synthesizing a
new series of ITIC-based NFAs having alkyl or alkoxy groups, it is found that the bulk heterojunction morphology dependence
on the thickness of the photoactive layer becomes more severe as the difference in the surface energy of the donor and
acceptor increases. It is believed that this observation is the origin that yields the device performance dependence on the
thickness of the photoactive layer. Through sensitive control of the surface energy of these ITIC-based NFAs, it is demonstrated
that thickness-insensitive OPVs can be achieved even using a doctor blade technique in air without using any additives. It
is believed that the present approach provides important insight into the design of photoactive materials and morphology
control for the printable OPVs using NFAs.
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In this work, by synthesizing a new series of ITIC-based NFAs having alkoxy groups in the meta-phenyl
position, we demonstrated thickness-insensitive OPVs. In a combination with a donor polymer, poly[(2,6(4,8-bis(5-(2-ethyl hexyl) thiophen-2-yl)-benzo[1,2-b:4,5-b’]dithiophene))-alt-(5,5-(1’,3’-di-2-thienyl5’,7’-bis(2-ethylhexyl)benzo[1’,2v-c:4’,5’-c’]dithiophene-4,8-dionz (PBDB-T), the alkoxy substituents in the
ITIC-based NFAs significantly reduce an aggregation inside of the NFAs, inducing a surface energy close
to that of PBDB-T. Therefore, by delicately modifying the surface energy of NFAs, the BHJ morphology
even with a thick photoactive layer (≈300 nm) was remarkably improved even without using any
additives, thereby exhibiting comparable device performances compared with those of the thin-film
devices (≈70 nm). Finally, we succeeded to demonstrate that our approach works well in a real printing
process by fabricating thickness-insensitive OPVs via the doctor blade technique in ambient air. Thus,
we believe that our findings provide new insight into the molecular design and sensitive morphology
control for the commercialization of OPVs based on NFAs. Furthermore, our approach can be applicable
to the OPV devices fabricated via printing technology.
Paper
• “Achieving Thickness-Insensitive Morphology of the Photoactive Layer for Printable Organic Photovoltaic
Cells via Side Chain Engineering in Nonfullerene Acceptors”, Advanced Energy Materials, 1900044 (2019).
- GIST Research Institute Grant
- The Technology Development Program to Solve Climate Changes of the National Research Foundation (NRF)
- The Global Research Laboratory Program of the National Research Foundation (NRF)
- The Korea Institute of Energy Technology Evaluation and Planning (KETEP) and the Ministry of Trade,
Industry & Energy (MOTIE)
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Fig. 1
Schematic illustration of
morphology change depending
on the thickness of photoactive
layers consisting of PBDB-T and
NFAs.

Fig. 2
Schematic illustration of the OPV
device printed via doctor blade
coating and the dependence of
PCE and Jsc on the thickness of a
photoactive layer.
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Cost-Effective and High-Fidelity Simulation
of Turbulent Transition
Minwoo Kim, Jiseop Lim, Seungtae Kim

Laminar-to-turbulent transition in boundary layer flow is critical for the prediction of a moving vehicle and the aerodynamic
performance improvement of aircraft. In this research, a cost-effective and high-fidelity simulation method was developed for
the turbulent transition phenomena in boundary layer flow. This simulation method offers a highly accurate prediction of the
transition location at a fraction of the computational cost otherwise required for previous simulation methods.
This method can be applied to the prediction of laminar-to-turbulent transition on an aircraft surface, which would lead to
new aircraft design of our nation interest across the speed range.

Contents

A hybrid method for the pre-transition and post-transition region is developed for the cost-effective
and high-fidelity approach of turbulent transition simulation. The parabolized stability equation (PSE) is
exploited for the pre-transition region because PSE predicts the behavior of instabilities, which trigger
the turbulent transition, in a highly cost-effective way. Large eddy simulation (LES) is used for the posttransition region, i.e., turbulent boundary layer, for high-fidelity simulation.
Figure 1 shows that the current PSE-coupled LES method provides vortical structures in the boundary
layer flow, which indicates the laminar-to-turbulent transition. The prediction of the transition location is
accurate, as shown in the skin friction evolution in Fig. 2. The PSE-coupled LES method requires only 1% of
the computational cost otherwise required for direct numerical simulation (DNS) for the same flow case.
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Paper
• M. Kim, J. Lim, S. Kim, S. Jee*, J. Park, D. Park, “Large-Eddy Simulation with Parabolized Stability Equations for
Turbulent Transition using OpenFOAM”, Computers & Fluids, 189, 108-117 (2019)
This work is carried out as part of Space Core Technology Development Program. This work was supported by
the National Research Foundation of Korea (NRF) grant funded by the Ministry of Science and ICT (MSIT) of
Korea government (NRF-2017M1A3A3A02016810 and NRF-2017R1C1B5018300). This work is also supported
by the National Institute of Supercomputing and Network/Korea Institute of Science and Technology
Information with supercomputing resources including technical support (Project No. KSC-2018-C2-0031, KSC2018-CRE-0113, KSC-2017-C3-0048, and KSC-2018-T1-0005).
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Fig. 1
Vortical structures in boundary
layer flow showing the
laminar-to-turbulent transition
phenomena (Kim et al., 2019).

Fig. 2
Accurate prediction of the
evolution of the wall skin
friction (Cf ) due to the laminarto-turbulent transition in the
boundary layer flow (Kim et al.,
2019).
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Significant enhancement of direct electric
communication across enzyme-electrode
interface via nanopatterning of synthetic glucose
dehydrogenase on spatially tunable gold
nanoparticle (AuNP)-modified electrode
Hyeryeong Lee, Yoo Seok Lee, Soo Kyung Lee, Seungwoo Baek, In-Geol Choi, Jae-Hyung Jang

Here, the nanopatterning of enzymes was achieved through the combination of a DET-capable enzyme that was produced
via fusion of a site-specific gold-binding peptide to a catalytic subunit of an enzyme and gold nanoparticle array with highly
tunable dimensions of AuNPs, resulting in a spatially controllable enzyme electrode. The nanoscale spatial control between
immobilized enzymes on a AuNP array showed a maximum 2.13-fold increase in the electroactive enzyme ratio compared
with the spatially non-controlled enzyme electrode. The result affirms that inter-enzyme interaction is a significant parameter
that decides the enzyme-electrode performance.
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This study aimed to optimize the nanoenvironment of enzyme-electrode interfaces to enable efficient
direct electron transfer (DET) via controlling inter-enzyme agglomeration. To reduce inter-enzyme
agglomeration and provide a favorable condition for DET in the enzyme electrode, nanopatterning of
enzymes was implemented through the combination of synthetic enzymes genetically fused with a
gold-binding peptide (GBP) and gold nanoparticle (AuNP) array. Moreover, the diameter of AuNPs on
the AuNP array was tuned in the range of 10 to 80 nm, and each was electrochemically investigated.
In result, the quantification of electroactive coverage shows that the ratio of electroactive coverage in
the nanopatterned enzyme electrode was enhanced a maximum of 2.13-fold compared with the nonpatterned one. This investigation provides the important information that inter-enzyme agglomeration
is one of the critical parameters that might render the DET process thermodynamically and kinetically
unfavorable.
Paper
• Lee, H., Lee, Y.S., Lee, S.K., Baek, S., Choi, I.-G., Jang, J.-H., Chang, I.S., 2019. Significant enhancement of
direct electric communication across enzyme-electrode interface via nano-patterning of synthetic glucose
dehydrogenase on spatially tunable gold nanoparticle (AuNP)-modified electrode. Biosens. Bioelectron. 126,
170–177.
This work was supported by grants from the National Research Foundation of Korea (NRF), funded by the
Korean Government (2016R1A2B3015426)
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Fig. 1
Approaches for the
nanopatterning of synthetic
enzymes on spatially tunable
gold nanoparticle (AuNP)modified electrode.

Fig. 2
Comparison of electroactive
enzyme ratio on non-patterned
and spatially tunable gold
nanoparticle (AuNP)-modified
electrode.
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Reflected Entropy and Entanglement
Wedge Cross Section with the First Order
Correction
Mitsuhiro Nishida, Hyun-Sik Jeong

AdS/CFT duality is one of the important concepts in theoretical physics, which is the conjectured relationship between the theory
of gravity in the anti–de sitter spacetime (AdS) and the conformal field theory (CFT). In recent years, with the reduced density
matrix ρAB on two disjoint intervals A and B, the AdS/CFT duality was explicitly checked between the reflected entropy and the
entanglement wedge cross section. In this research, we study the reflected entropy for ρABm, which is computed perturbatively
up to the first order in m-1 by using the semiclassical conformal block. In addition, on the gravity side, we compute the
entanglement wedge cross section in the backreacted geometry by cosmic branes with tension Tm. Comparing both results, we
find a perfect agreement, showing the AdS/CFT duality works with the first-order correction in m-1. This result shows not only
an explicit AdS/CFT duality, but also helps us to understand better the field theories in terms of geometric quantities and also is
expected to develop the fundamental understanding of the quantum entanglement and information theory.

Contents

In recent years, a remarkable perspective on the AdS/CFT duality has been developed in the quantum
entanglement and information theory. One important and well-studied entanglement measure in the
AdS/CFT duality framework is the entanglement entropy using the Ryu-Takayanagi formula (Fig. 1). The
entanglement entropy is suitable for measuring the quantum entanglement of pure states, but it is not
a good measure for the mixed state in that the entanglement entropy could be nonzero even though
the two subsystems are not entangled. Hence, it is important to construct other entanglement measure
quantities in order to investigate mixed states.
As one of the entanglement measures of the mixed state, the reflected entropy generated from a density
matrix ρAB on two disjoint intervals A and B has been proposed in the CFTs, and it is known from recent
research that its geometrical dual is the entanglement wedge cross section (Fig. 2).
In this research, we generalize the reflected entropy for the density matrix ρABm by using a twist operator
and compute the entanglement wedge cross section in a backreacted bulk spacetime generated from
cosmic branes with tension Tm. By comparing the two main results from CFTs and AdS, we show that the
AdS/CFT duality is perfectly satisfied with the first-order correction in m-1.
Our study not only provides an explicit AdS/CFT duality, which is basically difficult to prove in general,
but also has an academic significance in that it helps us to understand better the field theories in terms of
geometric quantities. The result of this study is expected to act as a cornerstone for future studies of the
mixed states and expected to develop the fundamental understanding of the quantum entanglement
and information theory.

Research outcomes

Paper
• Hyun-Sik Jeong, Keun-Young Kim and Mitsuhiro Nishida, “Reflected Entropy and Entanglement Wedge Cross
Section with the First Order Correction”, JHEP 12 (2019) 170

Research Funding

This work was supported by Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT & Future Planning (Grant No. NRF-2017R1A2B4004810) and
GIST Research Institute (GRI) grant funded by the GIST in 2019.
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Fig. 1
The holographic entanglement
entropy. The entanglement
entropy of subsystem A
corresponds to the minimum
area of the Ryu-Takayanagi
surface.

Fig. 2
The inner region surrounded
by cosmic branes is called the
entanglement wedge, and
its minimum cross section is
called the entanglement wedge
cross section. Note that when a
cosmic brane loses its tension,
it becomes the Ryu-Takayanagi
surface.
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GIST’s
Research Highlights of 2019
Department of Chemistry

Min-Gon Kim
https://bsbp.gist.ac.kr/
bsbp/

Solid-Phase Photocatalysts: Au Nanoislands
on Porous TiO2 Films for Millimolar H2O2
Production within a Few Minutes

The production of hydrogen peroxide (H2O2) using photocatalytic nanoparticles is an emerging field with applications in
biosensors and fuel cells. Colloidal photocatalysts are, however, limited in their applications because of poor efficiency and
stability issues. In this study, millimolar production of H2O2 was achieved within 5 min using solid-phase photocatalysts—
Au nanoislands (NIs) on porous TiO2 films—without supplying O2 or stirring the solution. Au/TiO2 showed an almost 80fold greater productivity than TiO2, The reason for such a high productivity was because the physical-vapor-deposited Au
resulted in the formation of Au NIs of various sizes on TiO2, whose work functions were size dependent. The combination of
small Au NIs, TiO2 and large Au NIs allowed the introduction of potential gradients as well as the inherent potential barriers at
the small Au NI/TiO2 junctions to be reduced, thereby minimizing the recombination of electron–hole pairs and maximizing
electron extraction from TiO2 to small Au NIs, respectively. The inherent properties of the solid-phase photocatalysts could
also circumvent stability issues caused by aggregation. These solid-phase photocatalysts should facilitate the development of
high-efficiency H2O2 generation and promote technology based on H2O2-mediated processes.

Contents

Solid-phase photocatalytic films were demonstrated based on the physical vapor deposition of Au
nanoislands (NIs) onto porous TiO2 films (Fig. 1). These films were shown to produce mM levels of H2O2
efficiently within 5 min, which represented an approximately 80-fold enhancement in performance with
respect to that of the bare TiO2 films (Fig. 2). These results were obtained in the absence of O2-saturated
conditions and without stirring the reaction solution. This superior performance was attributed to
variously sized Au NIs on porous TiO2 films. In detail, Au NIs of various sizes (2–20 nm) were formed on
the porous TiO2 surfaces via physical vapor deposition of Au. The Au NIs effectively generated potential
gradients within the TiO2 and lowered the inherent potential barrier at small Au NI/TiO2 junctions (Fig.
3), owing to the size-dependent work function of metal NIs on a semiconductor. The introduction of the
potential gradients and the reduced inherent potential barriers at the small Au NI/TiO2 junctions resulted
in minimizing the recombination of electron–hole pairs and maximizing electron extraction from TiO2 to
small Au NIs, respectively. These phenomena could promote H2O2 generation.
Furthermore, the solid-phase photocatalytic films do not undergo aggregation under any conditions,
and are thus highly advantageous for portable applications, making the method readily applicable to
various fields.

Research outcomes

56

Paper
• K. Kim, J. Park, H. Kim, G. Y. Jung, and M.-G. Kim*, “Solid-Phase Photocatalysts: Physical Vapor Deposition
of Au Nanoislands on Porous TiO2 Films for Millimolar H2O2 Production within a Few Minutes”, ACS Catal. 9,
9206−9211 (2019)
Patent
• M. Kim, K. Kim, E.-J. Jo, and D. Hong, “ONE-POT BIOSENSOR AND METHOD OF IMMUNOASSAY USING THE
SAME,” Application No. KR 10-2020-0080376
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Research Funding

This work was financially supported by grants from the Global Research Laboratory (GRL) Program (NRF2013K1A1A2A02050616) and the Midcareer Researcher Program (NRF-2017R1A2B3010816) through a
National Research Foundation grant funded by the Ministry of Science, ICT, and Future Planning.

Fig. 1
Schematic illustration of the
fabrication process for the solidphase photocatalytic films. The
metal NIs were deposited using a
thermal or e-beam evaporation;
the deposition thickness was 3
nm, as observed by thickness
monitors.

Fig. 2
Time-dependent H2O2
production using bare TiO2 and
Au/TiO2 films.

Fig. 3
Proposed mechanism for highperformance H2O2 production
using the physical-vapordeposited Au on porous TiO2
films. Size effect of the Au NIloaded TiO2 on H2O2 generation.
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AI Graduate School

Hyunju Lee
https://ai.gist.ac.kr/

DigChem: Identification of
disease-gene-chemical relationships
from Medline abstracts
Jeongkyun Kim

Chemicals interact with genes in the process of disease development and treatment. Although much biomedical research has
been performed to understand relationships among genes, chemicals, and diseases, which have been reported in biomedical
articles in Medline, there are few studies that extract disease-gene-chemical relationships from biomedical literature at a
PubMed scale. In this study, we propose a deep learning model based on bidirectional long short-term memory to identify
the evidence sentences of relationships among genes, chemicals, and diseases from Medline abstracts. Then, we develop
the search engine DigChem to enable disease-gene-chemical relationship searches for 35,124 genes, 56,382 chemicals, and
5,675 diseases. We show that the identified relationships are reliable by comparing them with manual curation and existing
databases. Dig-Chem is available at http://gcancer.org/digchem.

Contents

In order to develop a natural language processing methodology that extracts disease-gene-chemicals,
a corpus of sentences in which gene compounds appear and sentences in which diseases appear
in one abstract was constructed. A bi-LSTM model was developed using this corpus (Fig. 1), and the
performance of this model was 76.6% of the F-score, which was higher than that of other artificial neuralnetwork-based models.
From Medline abstracts, 11,648,261 sentence pairs were retrieved that contained gene, chemical, and
disease names. After applying the proposed model, 2,136,416 were recognized as positive evidence
sentence pairs, and
5,675 diseases, 35,124 genes, and 56,382 chemicals were indexed. Gene-chemical relationships were
most frequently identified in neoplasms, followed by pathological conditions, signs, and symptoms.
To evaluate the reliability of DigChem, it was compared with DrugBank's disease-gene-chemical
relationship. DrugBank provides information about manually selected target genes of drugs for each
disease, including 14,377 relationships. The relationships having higher scores in DigChem were more
likely to be described in DrugBank, while the relationships in the Comparative Toxicogenomics Database
(CTD) did not show any correlation between inference scores by CTD and overlap ratios with DrugBank.
This shows that the relationships with higher scores predicted by the proposed model are more reliable
than those with lower scores (Fig. 2). In addition, for four diseases—Alzheimer's disease, hypertension,
breast cancer, and prostate cancer—we compared triplets predicted by CTD, IBM Watson for Drug
Discovery, and DigChem. When we compared overlapping triplets among these services, overlap
ratios of up to 10% were found (Fig. 3). These results indicate that the currently existing databases are
complementary.

Research outcomes

Paper
• Kim J., Kim J.-j., and Lee H., DigChem: Identification of disease-gene-chemical relationships from Medline
abstracts, PLoS Computational Biology 15(5): e1007022 (2019).

Research Funding

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (Grands No. NRF-2016R1A2B2013855 and No. NRF-2018M3C7A1054935), and a GIST Research
Institute (GRI) grant funded by the GIST in 2018.
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Fig. 1
A bi-LSTM model to extract
disease-gene-chemical
relationships [Kim J., Kim J.-j.,
and Lee H., PLoS Computational
Biology 15(5): e1007022 (2019)].

Fig. 2
Comparison of results with
DigChem [Kim J., Kim J.-j., and
Lee H., PLoS Computational
Biology 15(5): e1007022 (2019)].

Fig. 3
Overlapping triple relationships
among, DrugBank, CTD, WDD,
and DigChem [Kim J., Kim J.-j.,
and Lee H., PLoS Computational
Biology 15(5): e1007022 (2019)].
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GIST’s
Research Highlights of 2019
Advanced Photonics
Research Institute (APRI)

Chang-Lyoul Lee
https://apri.gist.ac.kr/

Development of Solvent Vapour Annealing
Method for Increasing Photoluminescence
Efficiency (PLQY) of Perovskite Thin Films

Perovskite materials have attracted much attention as high-efficiency, high-purity luminescent materials for next-generation
displays. In this study, we investigated that (1) fabrication of highly crystalline perovskite thin films through solvent vapor
treatment with various polarities and (2) the crystal grain size change in perovskite thin films with polar solvent vapor
exposure time, thereby changing PL emission and improving luminous efficiency

Contents

Perovskite materials have attracted much attention as the emissive layer in light emitting diodes (LEDs)
due to their excellent opto-electrical properties, such as a high photoluminescence quantum yield
(PLQY >80%), a narrow full width at half maximum (FWHM <20nm) of PL emission, and easy spectral
tunability from visible to near infrared (400~900nm) by halide composition change. However, perovskite
thin film has large crystal grains of a micrometer size, which cause that electrons and holes involved in
luminescence cannot be easily combined and disappeared, is acting as drawbacks for optimization and
application of perovskite materials. Therefore, if crystal grain size and crystallinity of perovskite materials
can be well controlled, the progress will be made in the commercialization of perovskite materials for
next-generation display materials.
In this study, the perovskite thin films fabricated by a solution process are treated with polar solvent
vapor with various polarities, which leads the recrystallization of the perovskite thin films. This
recrystallization process not only improves the crystallinity of the perovskite thin film by inducing the
reaction of PbBr2 and CH3NH3Br, which are unreacted precursors remaining inside the thin film when
forming the perovskite thin film, but also decrease the crystal size to several tens of nanometers. In
nanometer-size crystal grain, the electron and hole pairs were confined in the local area, resulting in
approximately 100 times higher PL intensity enhancement.
In addition, the polar solvent vapor treatment method also makes it possible to turn the PL emission
wavelength of the perovskite thin film by controlling the crystal size with a few nanometers by the
quantum confinement effect.

Research outcomes

Research Funding
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Paper
• Sang-Hyun Chin and Chang-Lyoul Lee* et al, “Realizing Highly Luminescent Perovskite Thin Film by
Controlling Grain Size and Crystallinity through Solvent Vapour Annealing” Nanoscale, 11, 5861, 2019.
Press releases
• Dongascience, Electronic newspaper, Newspim, etc.
Other
• Selected for the cover paper of Nanoscale
This research was supported by a National Research Foundation of Korea (NRF) grant funded by the
Korean Government, Ministry of Science, ICT and Future Planning (MSIP) (NRF-2016R1A2B4013003, NRF2018R1A2A3075144 and NRF-2018R1A2B6001019) and by the “Research on Advanced Optical Science and
Technology” grant funded by the Gwangju Institute of Science and Technology (GIST) in 2019.
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Fig. 1
Nanoscale front cover.

Fig. 2
(a) Normalized XRD peaks of
PbBr2, pristine and H2O-treated
CH3NH3PbBr3 films. (b) XRD
intensity of pristine and H2Otreated CH3NH3PbBr3 films.
monitors.

Fig. 3
(a) Evolution of PL spectra of
CH3NH3PbBr3 film with different
SVA process times. (b)–(e) SEM
images corresponding to each
stage.monitors.
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GIST’s
Research Highlights of 2019
Korea Culture Technology
Institute (KCTI)

Moongu Jeon
http://www.kct.re.kr/kct/

Developed intelligent UI/UX technology for
AR glasses-based docent operation
Jun Bom Pyo, Na Rea Park, Hyun Jung Park, Yo Han Hong

Development of UX technology for exhibition space optimized for wearing augmented reality. Space-based storytelling
technology and viewer sensitivity recognition (AI) technology provide optimal information for individual audiences.
Development of service technology guided by virtual character docent through wearing augmented reality glass.

Contents

Research outcomes

Patent registration

• An augmented reality system
with dynamic representation
technique of augmented images
according to distance from an
object(10-1983249)

Other

• HoloLens AR Docent
-C-2019-039256

Press releases

• One press release on two prototype
system user services in 2019

- Location: Gwangju National Science
Museum Outdoor Plaza
- Period: September 28–29, 2019
(two days)
- Exhibition experience service
users: about 100 people
- Location: National Museum of Korea Silla
- Period: October 28 to November 3,
2019 (seven days)
- Exhibition experience service
users: about 200 people
- Broadcasting station: YTN Science
- Report date: November 7, 2019
"Look at the living and moving artifacts ...
What will the future museum look like?"
(November 17, 2019) https://www.ytn.
co.kr/_ln/0105_201911070304264218
- Newspapers: E-Newspaper, Asian
Economy, Security News, etc.
- Reporting date: 2019.10.25-29

Research Funding
62

Implement NUX technology optimized for
wearable augmented reality

Sensitivity recognition technology optimized for
AR glass operation

• Development of AR information communication NUX using
docent service.
• Design and production of user experience optimized for AR glass.
• Development of audience-oriented-gesture NUX optimized for
AR exhibition environment.
• Development of viewer gesture recognition technology.
• AR glass-based realistic interaction technology.
• Development of selective sharing technology based on AR glass.
• AR glass-based docent service platform implementation
and usability test.

• Analysis of viewer behavior patterns in exhibits based on
augmented reality information.
• Technology for detecting exceptions by analyzing the movements
of visitors during exhibitions.
• Planning and design of AR glass-based intelligent docent service.
• Artificial intelligence docent dialogue and question-and-answer
technology.
• AR glass-based realistic interaction technology.
• Development of selective sharing technology based on AR glass.
• Development of chatbot technology for implementing AI docent
services.

Paper

• Development of viewer-centered-gesture NUX optimized for AR exhibition environment through development of
viewer gesture recognition technology and design of viewer interaction scenarios by relic.
• Study and design of natural gestures and talking interaction methods according to the sophistication of content UX types.
• Improve user speech awareness and conversation participation rate by presenting area-specific keywords (achieve
88% user speech intention recognition rate).
• Implement an intelligent response processing model based on the audience's personal characteristics (age) and interests.
• Implement a function to provide information on space and facility context by securing category diversity in chatbot
answer DB.
• Development of a real-time wireless UWB monitoring system to measure the location, movement, and duration of
each object.
• Development of software for analyzing viewing characteristics by audience characteristics (age, gender, etc.) based
on real-time UWB measurement data.
• Develop a proof-of-concept program that enables art museum/ museum curators to easily write AR content optimized
for wearing augmented reality based on actual exhibition spaces and exhibits and manage and update their works.
• Produced as a production tool specialized in AR docent service for museums; the museum developed a specialized
scenario for differentiation and produced a production tool based on it.
• Patent applications: three domestic patent applications
• Published five papers (three domestic non-SCI and two overseas non-SCI)
• Registration of augmented reality docent software for HoloLens
* Registration number (registration date): C-2019-039256 (2019.12.10)
• Advanced and developed a service to guide museum artifacts using AR glass (HoloLens).

Published domestic and foreign papers (journals/Academic contests)
• Real-Time Visitor’s Behavior Analysis System via Ultra-Wide Band Radar - Smart Media Journal
• A Study on Mixed Reality Content User Experience Strategies for Development of Museum Docent Service Using Wearable Mixed
Reality Technology[Won the Outstanding Paper Award] - HCI KOREA 2019
• A Comparative Study on the Interaction between Robots and Augmented Reality with Interactive Interface for Museum Edutainment
- 14th Korea Robot Conference
• A Study on the Types of Art Museum Visitors [Won the Outstanding Paper Award] ] - 2019 Spring Conference of the Korea Creative
Content Association
• Real-Time Visitor's Behavior Analysis System via Ultra-Wide Band Radar [Won the Outstanding Paper Award] - 2019 Autumn Conference
of the Smart Media Association of Korea
• Effects of Age and Motivation for Visiting on AR Museum Experiences - T25th ACM Symposium on Virtual Reality Software and Technology 2019
• Analysis of Museum Patrons’ Behavior using Ultra-Wide Band Radar based Tracking System - The 8th International Conference on
Smart Media & Application (SMA 2019)

This research is supported by Ministry of Culture, Sport and Tourism (MCST) and Korea Creative Content
Agency (KOCCA) in the Culture Technology (CT) Research & Development Program 2019 through the
Korea Culture Technology Institute (KCTI), Gwangju Institute of Science and Technology (GIST).
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Fig. 1
Explanation of the horse
equipment relics that existed
during the Silla Dynasty on
display at the National Museum
of Korea in AR.

Fig. 2
Description of a virtual
conversation with AR by
depicting a market passerby
during the Silla Period.

Fig. 3
The shape of a horse rider, one of
the Silla relics. 3D description of
earthenware restoration.
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GIST’s
Research Highlights of 2019
Korea Culture Technology
Institute (KCTI)

Munsang Kim
http://www.kct.re.kr/kct/

Development of MultI-Dimensional Imaging
Technology and Platform for Performance
Immersion

○ Developed real-time matching interactive authoring tools for shooting performances and conducted four K-pop
performances using the developed system.
○ Development of animation technology for multiple actor movements.
○ As an alternative that does not use an expensive camera-based motion-capture system, UWB and laser-based actor copper
automatic extraction technology development and application.
○ Established a virtual environment for dance photography.
○ Development of multiple camera and lighting copper wire authoring and sequence authoring tools.
○ Camera and lighting copper wire pattern construction environment and save/recall function.
○ Voice-command-based control technology.

Contents

Research outcomes

64

• Development of animation technology for multiple actor movements: matching actors after capturing
actor movements and movements. Matching (time and location) technology for multiple captured
copper datasets.
• As an alternative that does not use expensive camera-based motion-capture system, UWB and laserbased actor copper automatic extraction technology development and application.
• Built a real-world environment for dance photography: Synchronization of matched actor movement
data and dance songs. Real-time data matching and camera placement in a virtual environment built
on the basis of the venue environment.
• Development of multiple camera and lighting copper wire authoring and sequence authoring tools:
Camera and lighting control technology in line with the song timeline in the built virtual dance
environment. Development of a sequence authoring tool for the final output.
• Camera and lighting copper pattern construction environment and save/recall function: Save and paste
the built camera and lighting copper pattern. Ability to save and load Excel (csv) files of the constructed patterns.
• Voice-command-based control technology.
- Establishment and development of voice-command speech data collection system for voice-commandbased control.
- Collect voice-command speech data in various experimental environments [microphone type (three),
noise environment (three), gender (male, female)].
- Performance comparison and analysis of commercialized speech recognizer based on collected speechcommand data.
- Synonym dictionary construction and recognition performance improvement based on collected
speech-command data.
- Development of misrecognized DB construction technology to increase recognition rate.
- Summary of directions and steps for using voice interface through expert advice
Academic conferences
• Development of PTZ camera tracking algorithm using UWB data, KROC, Moonsang Kim, (2019)
• Cable-driven parallel-robot-based wire cam system design, Control Robotics Society, Hosoo Lee, (2019)
• A Comparative Study on the Performance of Speech Recognition for a Speech Interface in a Filming
Environment, Korea Computer Congress, Sang Hun Jeon (2019)
• A Stabilization Analysis of Omni-Mobile Manipulator with 4K Camera, IROS, Kim Sang-sang, (2019)
• Camera Zoom Control of Integrated Control Platform for Advancement of Performance Shooting
System, IROS, Kim Sang-sang (2019)
• A study on image stabilization analysis for realizing robot-based imaging technology, KICS, Kim Sang-sang
(2019)
Patent
• AI-based lighting control method, PCT, P19-0252, 2019.12.31. (Application)
• Mobile robot for performing video shooting, Korea, P19-0251, 2019.12.31. (Application)
• Camera zoom control method using LANC protocol, Korea, P19-0250, 2019.12.31. (Application)
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Research Funding

This research is supported by Ministry of Culture, Sports and Tourism(MCST) and Korea Creative Content
Agency(KOCCA) in the Culture Technology(CT) Research & Development Program 2019

Fig. 1
Timeline-based shooting
simulator program.

High Speed MM-500 Robot

Fig. 2
Robot shooting system capable
of tracking actors using robots.

Tracking Actors

Recognizing actor commands

LiDAR, Depth camera

Fig. 3
Captured image (right) captured
by applying the performance
(left) authored to the actual stage
using the developed simulation
program.
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GIST’s
Research Highlights of 2019
Integrated Institute of
Biomedical Research (IIBR)

Darren R. Williams
https://life.gist.ac.kr/ndtl/
index.do

CAF-Derived IL6 and GM-CSF Cooperate to
Induce M2-like TAMs-Response

Tumorigenesis and tumor metastasis can be induced by the activation of cancer-associated fibroblasts (CAF) and collagen
deposition. When anti-interleukin-6 (IL-6) and anti-granulocyte macrophage colony-stimulating factor (GM-CSF) was treated
to a murine colon carcinoma model, the expression level of both α-smooth muscle actin (α-SMA), a CAF activation marker, and
collagen deposition, was decreased.
It is known that transforming growth factor-β (TGF-β) secreted by tumor-associated macrophage (TAM) can activate CAF in the
tumor microenvironment. Analysis of marker expression verified in vitro that normal fibroblasts obtained CAF characteristics
by TGF-β treatment and IL-6/GM-CSF co-treated, which upregulated TGF-β in bone-marrow-derived monocytes (BMDM),
which are a precursor of TAM.

Contents

In our previous research, IL-6 and GM-CSF derived from CAF was observed to induce tumorigenesis,
metastasis, and increased number of M2 TAM, which possess tumor-promoting properties. In contrast,
this study confirmed differences in CAF activation when antibodies against IL-6 and GM-CSF were treated
in a model of colon carcinoma. After IL-6 and GM-CSF dual blockade in the orthotopic syngeneic mouse
colon carcinoma model, it was observed that the expression level of α-smooth muscle actin (α-SMA) (Fig.
1, upper) and collagen deposition (Fig. 1, lower) decreased in the tumor tissue.
TGF-β is a TAM-secreted cytokine involved in CAF activation. It was also demonstrated that normal
fibroblasts can obtain CAF characteristics via TGF-β treatment. In addition, the expression of TGF-β is
upregulated by IL-6 and GM-CSF in BMDM.
In conclusion, TAM activation by CAF (through IL6/GM-CSF co-treatment) or the reciprocal CAF activation
by TAM (via TGF-β secretion) can induce tumor promotion and metastasis.

Research outcomes

Paper
• Cho, H., Kim, J. H., Jun, C. D., Jung, D. W., & Williams, D. R. (2019). CAF-Derived IL6 and GM-CSF Cooperate to
Induce M2-like TAMs–Response. Clin Cancer Res, 25(2), 894.

Research Funding

This research was supported by a Basic Science Research Program through the NRF funded by the Korean
government, MSIP (NRF- 2016R1A2B4012321) and a Bio & Medical Technology Development Program of the
NRF funded by the Korean government, MSIP (NRF-2015M3A9C6030838). This work was also supported by
the GIST Research Institute (GRI) in 2018.
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Fig. 1
In orthotopic syngeneic
mouse colon carcinoma
model, the decrease of α-SMA
(CAF activation marker) and
collagen deposition by antibody
treatment of IL-6 and GM-CSF
was confirmed by IHC and
Masson-trichrome staining,
respectively.

Fig. 2
Schematic diagram of the
reciprocal relationship between
CAF-induced monocyte
differentiation into M2-like TAMs
and fibroblast activation into
CAF.
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GIST’s
Research Highlights of 2019
International
Environmental Research
Institute (IERI)

Kyoung-Woong Kim
https://ieri.gist.ac.kr/

Village Empowerment Project to Promote Sustainable
Community Development through Innovative
Integration of Science and Technology: Strengthen
Capacity and Improve Quality of Life for the Local
Community through Sustainable Safe Water
Supply and Promotion of Healthy School Projects

Cambodia and Indonesia suffer from a vicious cycle of hunger, lack of clean drinking water, unhealthy behavior and illness,
lack of education, and gender inequality. In order to solve these interconnected development issues, an innovative and
complex approach through science and technology is required rather than a fragmented approach. Therefore, this project
developed a sustainable problem-solving strategy in Cambodia and Indonesia through innovative convergence science and
technology in the form of a consortium contributing to increasing local income, preventing disease, and improving health
by improving the quality of life of all residents. Through the R&D and deployment of the gravity-driven membrane (GDM)
technology, this project will provide safe drinking water to schools and transfer knowledge on water purification technologies
to local government officials, researchers, and teachers. Furthermore, the project aims to raise awareness of the health-related
issues that can be solved in schools to enhance the capacity to build healthy schools and contribute to disease prevention and
health promotion for all members of the school. To date, one community-scale GDM system has been installed in Cambodia
and Indonesia, respectively, and a technical workshop and science camp have been delivered. Two community-scale GDM
systems are to be deployed in each country by the end of the project, followed by technical and capacity-building workshops,
water quality monitoring, and health surveys. It is expected that this regional and school-oriented project will create
synergetic effects and contribute to improving the quality of life of the entire community.

Contents
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Project area
Tu Rey, Kbal Koh, Mean Chey Seconday School in Srei Santhor District in Kampong Cham Province,
Cambodia and SMP Naringgul, SMP PGRI, SMP Cisolo, Cisolok, Kabupaten Sukabumi in Jawa Barat
Province, Indonesia
The schools are strategically selected so that the consortium partners can cooperate to create synergetic
effects in the selected area.
Beneficiaries
• Indonesian and Cambodian school students, residents, and local officials: Expansion of the regional
expertise through water quality monitoring and technical workshops
• Local researchers of the university and research institute participating in the project: Provide an
opportunity to increase capabilities of the researchers for the skills in water quality monitoring, health
surveys, and operation and maintenance of the GDM systems
Project activities
1. Improve the quality of life of residents through healthy water management by supplying sustainable
and safe drinking water to selected schools in Cambodia and Indonesia.
• Conduct comprehensive water quality analysis of the water sources at the schools and share the
results with appropriate government departments.
• GDM system installation at schools in the target area (Figs. 1 and 2).
• Ensure effective long-term maintenance by providing appropriate training for installed systems to
local government officials or water treatment experts (Figs. 3 and 4).
• To prove the effectiveness of prevention of waterborne disease by the GDM systems, the quality of the treated
water by the system will be monitored for more than three months, and health surveys will be conducted for
more than three months.
2. Training for water quality monitoring
• Water quality monitoring, technical and capacity-building workshops for local officials and water
experts
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Research outcomes

Press releases
• GIST International Environmental Research Institute to conduct scientific and Hallyu activities in developing
countries (etnews, 2019.12.23)

Research Funding

This project was supported by the United Nations Development Programme (Project number: 00097662)
‘Facility/Programme for Capacity Development for Poverty Reduction through South-South and Triangular
cooperation in Science and Technology - Phase 2’

Fig. 1_ A photograph of a community-scale GDM system at Tu Rey
Secondary School using rainwater and groundwater as feed.

Fig. 2_ A photograph of a community-scale GDM system at SMP Naringgul.

Fig. 3_ A photograph during the technical training for GDM operation
and management, and water quality monitoring for teachers and local
government officers at Tu Rey Secondary School.

Fig. 4_ A photograph during the technical training for GDM operation
and management, and water quality monitoring for teachers and local
government officers at SMP Naringgul.

69

President's Message l Vision l Main Achievement l GIST Research Institutes l Research & Development Budget l Research Outcomes
GIST’s Top 11 Research Achievements of 2019 l GIST’s Research Highlights of 2019

GIST’s
Research Highlights of 2019
International
Environmental Research
Institute (IERI)

Kyoung-Woong Kim
http://iesm.upd.edu.ph/
environmental-pollutionstudies-laboratory/

Water-atmosphere-land use in the changing
climate: Focus on vulnerable communities
in the Philippines
Mylene G. Cayetano, RCh, PhD

The program “Water-atmosphere-land use in the changing climate: Focus on vulnerable communities in the Philippines” picks
up on the findings from the 2019 IERI research project titled, “Gravity Driven Membrane (GDM) Water Filter Field Application for
Interventions to Climate Change Vulnerable Communities in the Philippines,” which aims to continue the deployment of the GDM
water treatment technology in vulnerable communities in the Philippines and further dive into finding evidence of the impacts
of climate change on water, atmosphere, and food (rice) resources. To date, this three-component program provided evidence
on (1) the suitability of GDM-filtered water in the field with an 86% success rating, and unsuitability of Laguna Lake water as a
source of drinking water for Metro Manila during the dry season; (2) an increase between 40% and 72% in particulate matter
concentration during identified haze events in September 2019 sampled at four regional stations in the southern Philippines.

Contents

The long-term capacity of the University of the Philippines Diliman Environmental Pollution Studies
Laboratory (EPSL) was established for the monitoring of five out of ten drinking water parameters based
on the Philippine National Standards for Safe Drinking Water of 2017 (PSNDW 2017) of the Department
of Health. The long-term trend of Laguna Lake water monitoring as a potential source of drinking water
for Metro Manila suggests that during the dry months of April, May, and June, the GDM technology
may not be used as a point-of-use (POU) devise for treatment of the lake wate, because the source
water exceeded the limit for As (0.01 mg/L) and Cd (0.003 mg/L) in these months. We are looking at the
potential of nanofiltration using GDM systems to address this water security in Metro Manila (Fig. 1).
The synergy between the EPSL and the Philippines’ Department of Environment and Natural Resources
(DENR) was demonstrated by providing evidence for long-range transport of air pollution during forest
fire events in September 2019. On the observed increase in the PM concentration pattern during the
haze events in Region 4B, Region 9, Region 13, and Region ARMM versus non-haze (NH) events, the
values were also recorded to exceed the World Health Organization guideline values of 50 ug/m3 for
PM10 and 25 ug/m3 for PM2.5 with corresponding increases in the percentages of particulate carbon,
monosugars, and ionic components (Figs. 2 and 3).
Overall, eight out of 18 regions in the Philippines (NCR, CAR, Region 4A, Region 4B, Region 5, Region 8,
Region 9, Region 13, and ARMM) have benefitted from the tangible outputs.

Research outcomes

Paper
• Gerry Bagtasa, Mylene G. Cayetano, Chung-Shin Yuan, Osamu Uchino, Tetsu Sakai, Toshiharu Izumi, Isamu
Morino, Tomohiro Nagai, Ronald C. Macatangay, Voltaire A. Velazco, Long-range transport of aerosols
from East and Southeast Asia to northern Philippines and its direct radiative forcing effect, Atmospheric
Environment, 218 (2019) 117007
• Leizel Madueño, Simonas Kecorius Wolfram Birmili , Thomas Müller , James Simpas , Edgar Vallar , Maria
Cecilia Galvez , Mylene Cayetano and Alfred Wiedensohler Aerosol Particle article and Black Carbon Emission
factors of vehicular fleet in Manila, Philippines, MDPI, Atmosphere, 2019, 10 603
• Simonas Kecorius, Leizel Madueño, Jakob Löndahl, Edgar Vallar, Maria Cecilia Galvez, Luisito F. Idolor,
Mylene Gonzaga-Cayetano, Thomas Müller, Wolfram Birmili, Alfred Wiedensohler, Respiratory tract
deposition of inhaled roadside ultrafine refractory particles in a polluted megacity of South-East Asia,
Science of The Total Environment, 663 (2019) 265-274
• Donna Aguilar Uldo, Chitho Feliciano, Mylene Cayetano, Zenaida De Guzman,Gamma irradiation for the
inactivation of Aspergillus niger in aged cotton fabric,Radiation Physics and Chemistry, 165 (2019) 108399
Award
• 2019 UP Diliman Professorial Chair Awardee
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Research Funding

This research entitled ‘Current and Projected water availability of GDM field deployment sites in the
Philippines: factors affecting water security’ was supported by the International Environmental Research
Institute at Gwangju Institute of Science and Technology.

Fig. 1_ Land-use and water security: GDM field application sites
in the Philippines.

Fig. 3_ Column chart: Average particulate matter concentrations in Regions
4B, 8, 13, and ARMM during the haze (H) and non-haze (NH) events, with
corresponding comparison with WHO guideline values. Pie charts: Fraction
of concentrations of water-soluble components of particulate matter—
carbon, monosugars, and ions during the H and NH events.]

Fig. 2_ Incidences of fire and transport patterns of total aerosol and
particulate matter in Southeast Asia during the haze events on September
18–22, 2019. (Images generated using Copernicus Atmosphere Monitoring
Service information 2019.)
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GIST’s
Research Highlights of 2019
GIST Institute for Artificial
Intelligence (GIAI)

Seung Jun Kim
https://sites.google.com/
view/gist-hcis-lab

MAXIM - On-Road Mixed Reality
Autonomous Driving Simulator
Dohyeon Yeo, Gwangbin Kim, Jieun Lee, Won Kim, Eunki Jeon, Kyungwon Cho, Aya Ataya, Jiwon Lee, Eunjin Seong

As self-driving car technology matures, autonomous vehicle research is moving toward building more human-centric interfaces
and accountable experiences. Driving simulators avoid many ethical and regulatory concerns about self-driving cars and
play a key role in testing new interfaces or autonomous driving scenarios. However, apart from validity studies for manual
driving simulation, the capabilities of driving simulators in replicating the experience of self-driving cars have not been widely
investigated. In this research, we build six self-driving simulation platforms with varying levels of visual and motion fidelities
ranging from a screen-based in-lab simulator to the mixed-reality on-road simulator we propose. We compare the sense of
presence and simulator sickness for each simulator composition, as well as its visual and motion fidelities with a user study. Our
novel mixed-reality automotive driving simulator, MAXIM, showed the highest fidelity and presence. Our findings suggest how
visual and motion configurations affect experience in autonomous driving simulators (note: the summary is an excerpt from
the abstract of the paper published in CHI 2020).

Contents

Research outcomes

Research Funding
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Driving simulators play a key role in avoiding many of the ethical and regulatory issues that may arise,
especially when testing self-driving cars and researching and testing autonomous driving scenarios.
Unlike a manual driving simulator, an autonomous driving simulator lowers the subject’s feeling
of immersion in the simulation. To increase the sense of immersion, real-vehicle-based self-driving
simulator studies have been conducted recently. However, these simulators limit the subject's point of
view to the passenger seat or the virtual reality.
To fill this gap, we proposed a new autonomous driving simulator based on a real vehicle and mixed
reality that provides a real road environment to the subject to increase immersion (Fig. 1-3). For
validation, we constructed six simulators with different visual and motion settings and investigated how
those different settings increased or decreased the perceived ① visual fidelity, ② motion fidelity, ③
presence, and ④ simulator sickness (Fig. 1-1).
As illustrated in Fig. 1-2, the novel self-driving simulator F (MAXIM) we proposed was evaluated to have the
highest visual and motion fidelities and presence, and relatively low simulator sickness. Therefore, MAXIM
was verified to provide the highest immersive autonomous driving experience. Our main finding indicates
how visual-motion cues influence the sense of presence and simulator sickness and also suggests how to
design valid self-driving simulators to yield simulators with better presence and lower simulator sickness.
Paper
• Yeo, D., Kim, G., & Kim, S. (2019, Oct). MAXIM: Mixed-reality Automotive driving XIMulation. In 2019 IEEE
International Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct) (pp. 460-464)
Award
• “Development of visibility test methods and tools for public signage,” KOCCA (three years, 2 billion), and
more than two projects
Demonstration
• Korea Science Festival (Future Science Travel with GIST-Autonomous Vehicle Travel with Experience in
Virtual Reality), Future Human Resources Symposium, four major science and technology performance
exhibitions (GIST representative—exclusive), two domestic demonstrations
Press releases
• Etnews ("Prof. SeungJun Kim's Team of GIST, Improving the visibility of public signage with a VR/AR
autonomous vehicle platform"),
YTN Science ("Science festival in downtown...continue till tomorrow),
Asia Business Daily ("GIST participated in 'Korea Science Festival' ... Exhibition in the field of Artificial Intelligence"),
and more than ten domestic media reports.
This work was supported by the GIST Research Institute (GRI) GIAI grant funded by the GIST in 2020.
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Fig. 1

(1) Which condition absorbs you the most? We implemented six autonomous driving simulation platforms with varying levels
of visual and motion fidelity and tested their validity (A. computer graphics VR + no motion; B. computer graphics multiscreen +
motion platform; C. computer graphics VR + motion platform; D. real-world MR + motion platform; E. computer graphics VR + real
vehicle; F. real-world MR + real vehicle). (2) Evaluation results in ① visual fidelity, ② motion fidelity, ③ presence, and ④ simulator
sickness of the six self-driving simulations. The MAXIM platform (F) we propose ranked highest in visual and motion fidelities and
sense of presence. (3) Participant’s view in the MAXIM platform we propose.

(1)

(2)

(3)
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22

Development of AI-Based Acoustic Intelligence Technology for Disaster Responses Using Drones

24

Enlarged Color Gamut Representation Enabled by Transferable Silicon Nanowire Arrays on
Metal-Insulator-Metal Films

26

Growth Kinetics of Individual Au Spiky Nanoparticles Using Liquid-Cell transmission electron
microscopy

28

Development of homogenization method for magnetic composite composed of soft and hard
ferromagnetic materials

30

Implications of Chemical Reduction Using Hydriodic Acid on the Antimicrobial Properties of
Graphene Oxide and Reduced Graphene Oxide Membranes

32

Role of SIRT1 in Modulating Acetylation of the SarcoEndoplasmic Reticulum Ca2+-ATPase in Heart Failure

34

Cholesterol metabolism regulates osteoarthritis

36

Humidity-Tolerant Roll-to-Roll Fabrication of Perovskite Solar Cells via Polymer-Additive-Assisted
Hot Slot Die Deposition

38

Efficient Charge Carrier Injection and Balance Achieved by Low Electrochemical Doping in
Solution‐Processed Polymer Light‐Emitting Diodes

40

Can armored stem cells recover a damaged heart after myocardial infarction?

42

Sound Localization Based on Phase Difference Enhancement Using Deep Neural Networks

46

Big data/AI–driven drug development platform construction

48

Achieving Thickness-Insensitive Morphology of the Photoactive Layer for Printable Organic
Photovoltaic Cells via Side Chain Engineering in Nonfullerene Acceptors

50

Cost-Effective and High-Fidelity Simulation of Turbulent Transition

52

Significant enhancement of direct electric communication across enzyme-electrode interface
via nano-patterning of synthetic glucose dehydrogenase on spatially tunable gold nanoparticle
(AuNP)-modified electrode

54

Reflected Entropy and Entanglement Wedge Cross Section with the First Order Correction

56

Solid-Phase Photocatalysts: Au Nanoislands on Porous TiO2 Films for Millimolar H2O2 Production
within a Few Minutes

58

DigChem: Identification of disease-genechemical relationships from Medline abstracts

60

Development of Solvent Vapour Annealing Method for
Increasing Photoluminescence Efficiency (PLQY) of Perovskite Thin Films

62

Developed intelligent UI/UX technology for AR glasses-based docent operation

64

Development of MultI-Dimensional Imaging Technology and Platform
for Performance Immersion

66

CAF-Derived IL6 and GM-CSF Cooperate to Induce M2-like TAMs-Response

68

Village Empowerment Project to Promote Sustainable Community Development through
Innovative Integration of Science and Technology: Strengthen Capacity and Improve Quality of
Life for the Local Community through Sustainable Safe Water Supply and Promotion of Healthy
School Projects

70

Water-atmosphere-land use in the changing climate: Focus on vulnerable communities
in the Philippines
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MAXIM - On-Road Mixed Reality Autonomous Driving Simulator
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