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Prehistoric Chiefdoms in Taiwanese Island

Prehistoric Chiefdoms in
Taiwanese Island

Chin-yung Chao, Associate Professor

College of Liberal Arts / Institute of Archaeology

e
=

He receives anthropological training in Taiwan
and the United States. His primary field study
includes China, Alaska and Timor Leste. He was
elected as the first President of the Society for
Taiwanese Archaeology. His research interests
fall mainly in the fields of Social Archaeology
and Evolutionary Archaeology, exploring
complex strategies when Island Southeast Asia
facing rapid environmental changes. He currently
touches the subjects on sociocultural processes
before and during colonization in Taiwan.

This research is derived largely cooperative
study with Timothy Earle Ph.D., Professor
Emeritus and former Chair of Anthropology,
Northwestern University.

To those who wonder about Taiwan would
often ask: what did aboriginal societies
in the island look like? Regardless that
Taiwanese archaeology over the 120 years
developments has provided rich information
from the earth, yet the socio-polity status of
prehistoric Taiwan remains largely unknown.
Through our “Maritime Economic Mode”,
this research explores complex political and
economic strategies in prehistoric Taiwanese
thousands of years ago. It greatly sheds
lights on our perspectives to face unspoken
past societies.

Through analysis on a large amount of
unearthed data, we propose that, unlike
common perspective that complex societies
base root on developed agriculture, an
unique mode of decentralized chiefly
societies clearly existed in the eastern
coasts, which focused largely on maritime
production mode and developed socially
complexity through scattered low-density
population.

Several characters are argued for eastern
Taiwan sequences, including: 1. Emigration
and broad interaction, 2. Regional
interconnection with local agricultural
surpluses finance distant voyaging that an
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emergent elite might control, 3. Seaworthy
boats building and warriors to protect and
raiding, 4. Wealth economy through control
over bottlenecks of nephrites and later on
iron and glass from abroad, 5. Regional
hierarchy through inter-regional alliances.

We propose that eastern coast Taiwanese
populations developed an entrepreneurial
raiding-trading political economy,
perhaps involving slaves, that resulted in
demographical abandonment of eastern
coasts between 2000 and 1200 years ago.
Considering eastern coasts have flourished
for thousands of years before depletion, it
appears that the region witnesses a diverse

route of social complexity compared to the
western coasts. The scenario can only be
unearthed from the ground beneath our feet.

Journal Paper

“Taiwanese Prehistory: Migration, Trade
and the Maritime Economic Mode”. Current
Anthropology, 65(4) (2024 ) : 629-652. (Chin-
yung Chao and Timothy Earle 5% ) < https:/doi.
org/10.1086/730921>

Replica of a Late Neolithic nephrite ornament, likely
representing a boat and its crew, photographed in the
National Museum of Prehistory, Taitung.
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A Breakthrough in Early Cancer Detection

A Breakthrough in Early Cancer
Detection: The Launch of the
“Nano-Scale Fluorescent Booster”

Chen-Sheng Yeh, Chair Professor

Professor Yeh Chen-Sheng is currently a Chair
Professor in the Department of Chemistry.
He is focused on multidisciplinary research in
the fields of Nanomaterials and Biomedicine,
with significant breakthroughs in cancer
treatment and imaging diagnosis. This year,
he was also awarded the “2024 Tung-Ho
Outstanding Research Award” Dr. Wang Liu-
Chun, a postdoctoral researcher in Professor
Yeh’s lab, has been actively working in the field
of Nanomedicine and has received the NSTC
“Postdoctoral Research Abroad Program”
grant this year, preparing to conduct research
at the University of Oxford in the UK. The
research results were supported by Theoretical
Calculations from Assistant Professor Tian
Hong-Kang of the Department of Chemical
Engineering and in collaboration with Associate
Professor Li Wei-Peng of Kaohsiung Medical
University.

College of Science /| Department of Chemistry

Cancer remains the leading cause of death
in Taiwan, and early detection is critical
for effective treatment. However, existing
diagnostic methods still face limitations in
sensitivity and accuracy. To overcome these
challenges, Chair Professor Chen-Sheng
Yeh from the Department of Chemistry at
National Cheng Kung University leads a
multidisciplinary team, in collaboration with
Assistant Professor Hong-Kang Tian from
the Department of Chemical Engineering
and Associate Professor Wei-Peng Lee from
Kaohsiung Medical University, to develop
the world’s first "Nano-Scale Fluorescent
Booster," opening up new opportunities for
cancer diagnostics.

This study, led by the Department of
Chemistry at National Cheng Kung
University, collaborates with experts from
the Department of Chemical Engineering
and Kaohsiung Medical University. By
integrating expertise in chemistry, materials
science, and theoretical calculations, the
research has achieved a groundbreaking
enhancement in the luminescence efficiency
of fluorescent nanomaterials, bringing
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an innovative breakthrough to cancer
detection.Key Technologies: Upconversion
Nanoparticles (UCNPs) and Bacterial Outer
Membranes

Lanthanide compounds and crystals have
long been valued for their fundamental
scientific and technological significance.
Among them, upconversion nanoparticles
(UCNPs) are particularly notable for their
ability to absorb two or more low-energy
photons and emit high-energy photons,
making significant contributions to biological
labeling, imaging, and therapeutics.

However, enhancing the brightness of
UCNPs remains a challenge due to
restricted electronic transitions of lanthanide
ions, surface quenching effects, and cross-
relaxation phenomena, which limit imaging
sensitivity. Traditional approaches, including
core-shell design, antenna effects, and
metal-induced enhancement, have been
explored to address these challenges, but
they still face limitations. Our research team
overcomes these constraints by pioneering
a bacterial outer membrane-assisted
fluorescence enhancement technique,
providing an innovative direction for
biomedical imaging.

The research employs Shewanella
oneidensis MR-1, a metal-reducing
bacterium with remarkable extracellular
electron transfer (EET) capabilities, which
enables it to transport electrons from inside
the cell to the surrounding environment.
This unique ability drives key biological
processes, including growth, metabolism,
environmental sensing, and microbial
interactions.

EET allows Shewanella oneidensis MR-1 to
transfer metabolically generated electrons
to extracellular redox molecules, which is
critical for its survival and energy utilization.
Our research harnesses this electroactive
property to enhance the luminescence
efficiency of UCNPs, achieving a
breakthrough in bioimaging applications.

Innovative Technology: Boosting UCNP
Fluorescence with Electron-Donating
Bacterial Membranes

For the first time, this study demonstrates
that the electroactive outer membrane of
Shewanella oneidensis MR-1 significantly
enhances the luminescence efficiency
of UCNPs. Using an innovative liposome
fusion-induced membrane exchange (LIME)
method, the team successfully extracts
electroactive membranes, generating
membrane-integrated liposomes (MILs).

By integrating UCNPs with MILs, the
research team develops a novel UCNP @MIL
structure, achieving a fourfold enhancement
in fluorescence intensity (Figure 1).
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Fig. 1 Upconversion luminescence spectra of

materials without membrane coating and with
different membrane coatings. (Adapted from
Advanced Materials, 2024, 36, 2404120.)



Mechanism of the Nano-Scale
Fluorescent Booster

Based on density functional theory (DFT)
calculations, the electroactive bacterial
outer membrane can transfer electrons
through an optically inert shell to the UCNP
core, significantly enhancing upconversion
luminescence intensity.

This effect arises from the highest occupied
molecular orbital (HOMO) energy level of
cytochrome being higher than the valence
band maximum (VBM) of the shell, enabling
efficient electron transfer. A schematic of this
mechanism is illustrated in Figure 2.

UCNPs
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Fig. 2 Schematic illustration of the mechanism of
the nano-scale fluorescent booster. (Adapted from
Advanced Materials, 2024, 36, 2404120)

Impressive Performance of the Nano-
Scale Fluorescent Booster

This material exhibits outstanding
luminescence performance, marking a
groundbreaking advancement in nanoscale
fluorescent probes for cell-level imaging. To
evaluate its potential for cellular imaging,
the research team conducts examination

A Breakthrough in Early Cancer Detection

on liver cancer cells. The results confirm
that electron-donating bacterial membranes
significantly enhance fluorescence, enabling
high-contrast cancer cell imaging (Figure 3).

Fig. 3 Electron-active bacterial membrane-coated
upconversion nanoparticles emitting green light
for cancer cell detection. (Adapted from Advanced
Materials, 2024, 36, 2404120.)

Chair Professor Chen-Sheng Yeh highlights
that this technology functions as a “light
generator” for cancer cells, making them
clearly visible even at extremely low
concentrations, thereby dramatically
improving detection sensitivity.

This innovative advancement provides
a powerful tool for nanomedicine, with
the potential to significantly enhance the
accuracy and efficiency of early cancer
diagnostics, contributing to a new era in
precision medicine (Figure 4).
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Fig. 4 lllustration of cancer cells equipped with
“light generators," making them easily detectable.
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NCKU applied science and
technology as diplomacy, and its
assistance in investigating benzene
concentration in the Hartman Park
community, Houston, Texas, USA

was recognized

Dr. Chih-Da Wu is currently a Professor in the
Department of Geomatics at National Cheng
Kung University, and also serves as an Adjunct
Research Fellow at the National Institute of
Environmental Health Sciences, National
Health Research Institutes, and the Precision
Environmental Medicine Research Center,
Kaohsiung Medical University. He holds a Ph.D.
in Forestry from National Taiwan University, with
expertise in air pollution modeling and climate
change impact assessment. Dr. Wu has been a
visiting scientist at Harvard T.H. Chan School of
Public Health multiple times. His Geomatics and
Environmental Health Laboratory (GEH) focuses
on applying Geographic Information Systems
and remote sensing technologies, integrated
with Geo-Al, to address environmental health
issues.

Chih-Da Wu, Professor

College of Engineering /
Department of Geomatics

TProfessor Chih-Da Wu from the Department
of Geomatics at National Cheng Kung
University (NCKU), leading a research
team (including Professor Hsiu-Ling Chen,
Director of the Department of Food Safety
/ Hygiene and Risk Management at NCKU,
and Dr. Aji Kusmaning Asri, a PhD candidate
in Geomatics at NCKU), collaborated with
Professor Galen D. Newman from the
Department of Landscape Architecture and
Urban Planning at Texas A&M University,
and Dr. Shih-Chun Lung, Deputy Director
of the Research Center for Environmental
Changes at Academia Sinica. This cross-
national and interdisciplinary collaboration
focused on analyzing the benzene pollution
problem in the Hartman Park community of
Houston, Texas, USA. Benzene, a known
carcinogen, is linked to an increased risk
of blood and lung cancers. The Hartman



Park community, primarily composed of
low-income Hispanic residents, has long
been affected by benzene pollution from
surrounding high-density industrial areas and
storage tank facilities, raising concerns about
social inequity and environmental justice.

To precisely identify the sources and
distribution of benzene pollution,
Professor Wu’s team innovatively applied
Geospatial-Artificial Intelligence (GeoAl)
technology. This technology cleverly
integrates the spatial analysis capabilities
of Geographic Information Systems (GIS)
with the big data processing advantages
of artificial intelligence (Al). Like equipping
environmental monitoring with an intelligent
brain, it can efficiently analyze complex
environmental data. With the assistance of
GeoAl technology, the research team was
able to accurately simulate the benzene
distribution within the community at 98%
accuracy, and from over 300 environmental
factors, precisely identify four key pollution
drivers: air temperature, industrial areas,
aging and damaged storage tanks,

NCKU applied science and technology as diplomacy

and transportation-related factors (e.g.,
highways).

This bilateral collaboration originated
from a program initiated by the Ministry
of Environment’s Chemical Substances
Management Agency, which invited the
Texas A&M University Superfund Research
Center to visit Taiwan, facilitating the present
collaboration. The study has received
significant recognition from the U.S. research
community and has been published in the
prestigious international journal "Journal of
Hazardous Materials." This research can
be widely applied in various environmental
pollution monitoring and prevention efforts,
contributing Taiwan’s expertise to global
sustainable development.

Journal Paper

What is the spatiotemporal pattern of benzene
concentration spread over susceptible area
surrounding the Hartman Park community,
Houston, Texas? / Journal of Hazardous
Materials / 0304-3894 /20240521
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The team led by Dr. Chih-Da Wu (middle) from the Department of Geomatics at
National Cheng Kung University assisted the Hartman Park community in Houston,
Texas, USA, with a geographical artificial intelligence analysis for estimating
benzene levels. On the left is team member, doctoral student Aji, and on the right is
doctoral student Wan-ru Wang.”

* (B ER B 55 2R B B AR D
https://web.ncku.edu.tw/p/406-1000-268860,r3636.php?Lang=zh-tw
https://web.ncku.edu.tw/p/406-1000-268892,r3635.php?Lang=en
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Chaining Water Resources: Blockchain-Driven
Intelligence Reservoir Control and Safety

Chaining Water Resources:
Blockchain-Driven Intelligence
Reservoir Control and Safety

Dr. I-Hsien Liu is an assistant professor in
the Department of Electrical Engineering
and the Master Program in Cyber-Security
Intelligence at National Cheng Kung University.
His research focuses on industrial control
systems, network security, computer networks,
and cybersecurity testbeds. As a core member
of the Taiwan Information Security Center at
National Cheng Kung University, he plays a key
role in developing critical infrastructure security
testbed. Leveraging this testbed, his team has
developed various protection technologies,
acquired multiple invention patents, and
assisted government agencies in strengthening
the security of their control systems. His
contributions have been widely recognized,
including awards of excellence team, and the
Best Popularity Award at the 2022 Annual
Results Presentation from the National Science
and Technology Council’s Advanced Information
Security Technology Project. Moving forward,
Dr. Liu continues to advance cybersecurity
research, aiming to enhance the resilience and
security of critical infrastructure systems.

I-Hsien Liu, Assistant Professor

College of Electrical Engineering and
Computer Science / Department of
Electrical Engineering

Reservoirs play a vital role in managing
water resources. They help control floods,
prevent droughts, and ensure a stable
water supply for both human consumption
and agricultural needs. However, with the
increasing frequency of extreme weather
events and the growing threats from
cyberattacks, traditional reservoir operations
are facing new and unprecedented
challenges. The key question today is how
we can protect and efficiently manage water
resources while making reservoirs more
reliable, intelligent, and resilient in the face of
these evolving threats. Climate change and
natural disasters are intensifying, placing
more pressure on reservoir systems to
function reliably under extreme conditions.
Meanwhile, the rise of cyber threats poses
significant risks to the integrity of the
control systems that operate these critical
infrastructures. The question is: how do we
balance the need for security, efficiency,
and sustainability? Currently, the water
resource sector still heavily relies on manual
operations and record-keeping processes.
Given the shortage of personnel, ensuring
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the accuracy of operations and records is
a pressing concern. Additionally, there is a
growing need to adopt low-carbon solutions
to contribute to environmental sustainability.
In response to these challenges, our team,
including Professor Jung-Shian Li and
Professor Kun-Ta Chuang, with the support
of the National Science and Technology
Council and the Water Resources Agency,
has developed a cutting-edge cybersecurity
platform specifically for reservoir control
systems. We have integrated blockchain
technology—a powerful tool known for
providing secure, decentralized, and tamper-
proof records—into the core of our reservoir
management system. Our research has also
developed an anomaly detection mechanism
for operational errors. This mechanism allows
for the rapid and effective identification of
irregularities in system operations, preventing
potential operational failures before they
escalate into disasters. Unlike conventional
systems, our mechanism operates efficiently
without requiring extensive computational
resources, significantly reducing false alarm
occurrences. This, in turn, alleviates the
workload of personnel who would otherwise
need to handle false alerts, improving
operational efficiency and reliability. By
detecting these issues early, we can
prevent costly and potentially dangerous
mistakes, ensuring that the reservoirs
continue to operate safely and efficiently.
This innovation not only solves important
technical challenges but also offers a model
for applying cutting-edge technologies to
other industrial control systems. To further
enhance our research, we’ve created
MiniDAM, an experimental software that

utilizes digital twin technology to simulate
reservoir control systems in a virtual
environment. This tool replicates the real-
world operations of reservoirs, including the
control systems, operational commands, and
network traffic patterns. Researchers can use
this simulated environment to test various
scenarios, analyze data, and fine-tune the
system to improve its performance. By using
digital twins, we can predict how a reservoir
will react under different conditions, helping
to improve decision-making and operational
planning. These advancements aren’t limited
to water management alone. Our developed
technologies can be applied to other smart
control scenarios, such as power grids,
transportation networks, and manufacturing
processes. The same principles that
enhance water resource management can
be extended to ensure the security and
efficiency of other critical infrastructure
systems. Smart and secure reservoir
operations are essential for preserving water
resources and ensuring societal stability
and economic development. Effective water
management supports agriculture, industry,
and urban development, contributing to
the overall well-being of communities. As
these technologies continue to evolve, they
will help revolutionize how we manage and
protect our vital water resources, offering
practical solutions to address the global
water security challenges faced by many
countries around the world. The integration
of blockchain, artificial intelligence, and
digital twin technology will play a pivotal role
in shaping the future of water management,
ensuring that reservoirs operate with greater
security, efficiency, and sustainability. This



research alleviates unnecessary concerns
among pregnant women worldwide
regarding the potential impact of GDM on
their children’s health. It also enhances the
accuracy of medical decision-making and
treatment interventions, helping to prevent
unnecessary healthcare expenditures.
Furthermore, the study highlights Taiwan’s
capabilities in medical big data research and
international collaboration, providing more
precise scientific evidence for maternal and
child healthcare worldwide while further

Chaining Water Resources: Blockchain-Driven
Intelligence Reservoir Control and Safety

elevating Taiwan’s influence in global medical
research.

Journal Paper

1. Common Criteria for security evaluation and
malicious intrusion detection mechanism of dam
SCADA system/IET Networks/ 2047-4954 /06
June 2024

2. Cross-organizational Non-repudiation Industrial
Control Log System Based on Blockchain/
Journal of Robotics, Networking and Artificial
Life/ 2405-9021 /20 December 2022

Fig. 1 a & b Dam Control Systems Cybersecurity Testbed
The dam control systems cybersecurity testbed, supported by the National Science and Technology Council
and the Water Resources Agency, is located at the Annan Campus of NCKU. This platform helps us test and
improve the security of systems that manage water resources, ensuring they operate safely and efficiently.

Fig. 2 a & b MiniDAM simulation scenarios with Software GUI

Our team has developed a virtual reservoir simulation system called "MiniDAM," which includes a control
interface for reservoir operations. This system offers various monitoring and management functions, as well as
the ability to simulate operational scenarios. With this system, | can simulate and control different parameters
of reservoir operations, helping me better understand and practice water management processes. It serves as
an effective tool to optimize the operation of real-world reservoirs.
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Sarcopenia Expert — aiFree Pioneers the First Home-use sEMG
Measurement and Training Integration System

Sarcopenia Expert — aiFree
Pioneers the First Home-use
sEMG Measurement and

Training Integration System

Prof. Lin holds a PhD in industrial design and
is currently a professor in the Department of
Industrial Design and a joint professor in the
Department of Biomedical Engineering at
National Cheng Kung University. His research
focuses on the integration of smart medicine
and interactive technology. Prof. Lin also
founded "aiFree Interactive Technology Co.," a
new start-up company from NCKU. The aiFree
combines local culture to turn rehabilitation into
interactive games, and develops the first home-
use SEMG measurement system. In addition,
Prof. Lin's team participated in the Stanford
Center on Longevity Design Challenge in 2021
and stood out among 37 countries worldwide,
winning the Top 8 and being the only team in
Taiwan.

Yang-Cheng Lin, Professor

College of Planning and Design /
Department of Industrial Design

With the advent of an aging society, older
adults are at risk of experiencing symptoms
of weakness and Sarcopenia, increasing
the risk of falls and other complications. In
addition, hospitals are overcrowded and
cannot arrange optimal treatment courses,
resulting in the golden treatment period
being missed, and increasing the burden
on family members. Furthermore, traditional
rehabilitation ways (such as manual muscle
strength training and assistive device
training) cannot identify the rehabilitation
progress of older adults, and attract them
to continuous rehabilitation. The main
pain-points are that the current home
rehabilitation relies on bare hands and lacks
systematic, intelligent, and digital recording
tools.

This cross-field research team, which
cooperated with Cheng Kung Hospital,
aims to cultivate cross-field research
talents for smart medical assistive devices
for older adults, thus improving the health
care. We also conduct cross-industry-
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academic international cooperation with
the European Union (Czech Technical
University in Prague), and the project name
is "International Bilateral Project- the Smart
Health Promotion Service System for Older
Adults" (as shown in Figure 1).

This system has three major features:
"Intelligentization" uses artificial intelligence
to assist professionals in evaluating
treatment courses; "Gamification" uses
nostalgic games to increase motivation

for rehabilitation, and "Customization"
customizes exclusive treatment courses
according to individual cases. This system
uses interactive somatosensory and
nostalgic games to arouse the resonance
of older adults and increase their motivation
for rehabilitation (as shown in Figure 2).
This system can detect the condition of
each muscle group during training, use
Al technology to analyze gait and assess
the frailty of older adults, assist medical

. \
1 22

SEpfuia BESE

- TRERER
- LHRERWR
« FHENER

- Stanford#6T
- EREEAE
- BESFIE

FEEP N

ZEREH

0o = 4
A a2
BMAE E0 1

« REBIEFrailty) - BRERaAN

- EiLERE « BLZME(sarcopenia) - EERERRGEE

- HOFKRE * SKEE (Dementia) < BB KD

Fig. 1 This cross-field research team cooperated with the European Union
(Czech Technical University in Prague)

Fig. 2 The interactive somatosensory games can arouse the resonance of
older adults and increase their motivation for rehabilitation



Sarcopenia Expert — aiFree Pioneers the First Home-use sEMG
Measurement and Training Integration System

professionals in giving their most accurate
rehabilitation plan, and at the same time
transmit the training status to family
members, so that family members can
clearly understand the rehabilitation progress
of older adults.

We pioneered the world's first home-
use sEMG measurement technology and
combined it with Taiwan's local culture.
In addition to serving as a treatment and
rehabilitation system, its patented smart knee
brace also develops a digital medical record.

We provide a new home rehabilitation
service system to reduce the living burden of
older adults and their family members, and
provide optimal rehabilitation treatments. At
the same time, it can serve rural areas and
actively promote the standard process for
sarcopenia testing, screen out older adults
in rural areas with sarcopenia, shorten the
medical gap between urban and rural areas,
and achieve the goals of local aging, healthy
aging, and active aging (as shown in Figure 3).

R
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Journal Paper

1.Chang CH, Wei CC, Yang TH, Lien WC, Liu B,
Lin YM, Tan PT, Lin YC. The usability and effect of
a novel intelligent rehabilitation exergame system
on quality of life in frail older adults: Prospective
cohort study. JMIR Serious Games. 2025 Jan; 13:
50669

2.Chang CH, Lien WC, Chiu TP, Yang TH, Wei
CC, Kuo YL, Yeh CH, Liu B, Chen PJ, Lin YC. A
novel smart somatosensory wearable assistive
device for older adults' home rehabilitation during
the COVID-19 pandemic. Front Public Health.
2023 Sep; 11: 1026662.

3.Chang CH, Yeh CH, Chang CC, Lin
YC. Interactive Somatosensory Games in
Rehabilitation Training for Older Adults With Mild
Cognitive Impairment: Usability Study. JMIR
Serious Games. 2022 Jul; 10(3): €38465.

4.Lien WC, Yeh CH, Chang CY, Chang CH,
Wang WM, Chen CH, Lin YC. Convolutional
Neural Networks to Classify Alzheimer’s
Disease Severity Based on SPECT Images: A
Comparative Study. Journal of Clinical Medicine.
2023 Mar; 12(6): 2218.

Fig. 3 This system provides medical professionals with powerful
assessment tools to customize rehabilitation training content

27



28

NATIONAL CHENG KUNG UNIVERSITY

RESEARCH DIGEST

[ S8 B A AR

L

FEMPBTHNRERREDREZBEZ R
RIE KA - BRI R B2/ &0 EIFBD
LEFTFER - ERNSRSERIR IEEE TPAMI N TIP ~
TMM ~ TGRS » ACM MM ~ [CIP E[BA AT S
& MANREEERREHRE - HEKRERE
hBEBEDPRIZE D @ SFETINVESBERRGRX
R RERRPERERE o

R (S JE 5 2 15 [BR Hfa R AN

T S BIEUR
EIESM | BUBRI2M TR

BREBRE @ HFIBXERANXRRA
wRIEEA - EEERFDERKRDNT -
FELE=EE S B8R ? BERERIRMEY
EE BWRMNEGTHERE - R Bk
FEXBRIEDHRSHEIRS > Sl B
SBRRENBHRE - XEENEAR B
REEIIS o TPIRIRIR SELE - RN
PEREBEW s ELE BRAEERZHR
2K |

BHEAFESMBIAREE MR
ACVLab [B& - BF5EE " HBIRE B RUAOFAT 4 ©
EIERITIEEMR » &2 LFEERERX
HEEN "B,  EEBBEHEES K
TRMIEEE - BHFENKEBEE - (DIFE
VEIRER  FERESRERR ©

FE—F  BRABEREANEIEE
&R - WEBERA - 2IRBESHED ©
B @ IIABL RSBV » BEEF
BEESEE SENREELEESTE @ =
FRIRE BB IESHA T (IEEE Transactions
on Geoscience and Remote Sensing) ( TGRS )
FREIFREE IGARSS ©

BRI M2t - KW EHRME
S 7



- BIRENIRIBEE - BEWNRE
BEPERE AIRIZESE  BEIKE
R B HRHBn KEER o

- BPEWERNEREIE : EROIBES
BIEMER  BIOEREE  IRSE
2o

- BLENELRE - BB ER
B BERE L EERT o

- Al FEEHEARER © RARHFEL NVIDIA
Research Taiwan &1E @ {66 ARHLEES
BE (LLM) @ SRIBIRABHEIE
W RENERERIMFEE RN,
h~ BBEEEEZIER o

B0 - NMERIBEEE TR

NED  BRAMTTHIXIESRRE  FHEUEED

L
Bg °©

BRAISEFERRENRE

HA TR L

1.1.C.C. Hsu*, C.Y. Jian, E.S. Tu, C.M. Lee, and
G.L. Chen, “Real-Time Compressed Sensing
for Joint Hyperspectral Image Transmission and
Restoration for CubeSat,” in IEEE Transactions
on Geoscience and Remote Sensing, to appear.
(IF: 8.2, Rank 29/1409=2% in Electrical and
Electronic Engineering)

2.C.C. Hsu, C.M. Lee, and Y.S. Chou, “DRCT:
Saving Image Super-Resolution away from
Information Bottleneck,” IEEE/CVF Computer
Vision and Pattern Recognition Conference
(CVPR2024), New Trends in Image Restoration
and Enhancement (NTIRE) Workshop, accepted.

3.C.C. Hsu and M.Z. Ke, “Seeing is NOT
Believing: Toward Forgery Detection for
Hyperspectral Image,” IEEE International
Geoscience and Remote Sensing Symposium
(IGARSS), July 2023.
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Towards Reliable Satellite Image Generative Models

Towards Reliable Satellite
Image Generative Models:
Ultra-Fast Hyperspectral
Images Compressed Sensing

and Fusion

Chih-Chung Hsu, Associate Professor

College of Management / Institute of Data Scienc

Dr. Chih-Chung Hsu is dedicated to the
innovative application of computer vision and
deep learning in image processing, DeepFake
detection, super-resolution, and medical image
segmentation. His work has been published in
top-tier journals and conferences such as IEEE
TPAMI, IEEE TIP, IEEE TMM, IEEE TGRS,
ACM MM, and IEEE ICIP, and his research
achievements have been repeatedly recognized
in international competitions. His team has
demonstrated outstanding performance in
global challenges, and Dr. Hsu himself has
received prestigious honors including the
YouXiang Technology Paper Award and the
Future Technology Award.

Have you ever considered that the weather
forecasts, environmental monitoring, and
even crop growth analyses we rely on daily
are all connected to distant satellites? The
development of satellite imaging technology
has a profound impact on our lives. However,
traditional satellite image processing faces
numerous challenges, such as: excessive
data volume leading to transmission
difficulties, insufficient image resolution, and
difficulties in verifying authenticity. We have
successfully overcome these challenges,
paving the way for a future with clearer, more
secure, and more widely applicable satellite
imagery!

Body:

Led by Associate Professor Hsu Chih-Chung
of Institute of Data Science and the students
of ACVLab, the team has developed "Ultra-
fast Compressive Sensing Technology."
This technology acts like magic, enabling
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the "slimming down" of massive image
data directly on the satellite, requiring only
simple mathematical operations and no
complex hardware. Even with significant data
compression, high-quality images can still
be reconstructed using a small amount of
training data.

Furthermore, the team has developed
technology to fuse images from different
spectral bands, similar to merging
photographs, to present richer details.
Simultaneously, anti-image forgery
technology has been incorporated, making
satellite imagery more trustworthy. These
achievements have received international
recognition, with publications in the top-tier
remote sensing journal, IEEE Transactions
on Geoscience and Remote Sensing
(TGRS), and the international conference
IGARSS.

How will this technological breakthrough
impact our lives?

¢ More Precise Environmental Monitoring:
Clearer images enable more accurate
monitoring of climate change and
prediction of natural disasters, providing
timely information for disaster prevention
and mitigation.

* More Efficient Resource Management:
Farmers can precisely monitor crop
growth, optimize irrigation and fertilization,
and increase yields.

e Enhanced National Security: Improving
the authenticity of remote sensing imagery
contributes to national security monitoring.

e Vast Al-integrated Applications: The
project plans to cooperate with NVIDIA
Research Taiwan, combining Large
Language Models (LLMs) to significantly
improve data processing efficiency.
This will contribute to applications of
hyperspectral imaging technology in
diverse fields, such as in smart cities and
precision medicine.

Conclusion:

The team's breakthrough not only
demonstrates Taiwan's strength in space
technology but also opens up endless
possibilities for the sustainable development
of society.

Journal Paper

1.1.C.C. Hsu*, C.Y. Jian, E.S. Tu, C.M. Lee, and
G.L. Chen, “Real-Time Compressed Sensing
for Joint Hyperspectral Image Transmission and
Restoration for CubeSat,” in IEEE Transactions
on Geoscience and Remote Sensing, to appear.
(IF: 8.2, Rank 29/1409=2% in Electrical and
Electronic Engineering)

2.C.C. Hsu, C.M. Lee, and Y.S. Chou, “DRCT:
Saving Image Super-Resolution away from
Information Bottleneck,” IEEE/CVF Computer
Vision and Pattern Recognition Conference
(CVPR2024), New Trends in Image Restoration
and Enhancement (NTIRE) Workshop, accepted.

3.C.C. Hsu and M.Z. Ke, “Seeing is NOT
Believing: Toward Forgery Detection for
Hyperspectral Image,” IEEE International
Geoscience and Remote Sensing Symposium
(IGARSS), July 20283.
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~actor for ADH

Professor Edward Chia-Cheng Lai leverages
real-world data from Taiwan, integrating clinical
contexts with pharmacoepidemiologic research
designs to transition from observing phenomena
to establishing causal relationships in research.
Under his leadership, the Population Health
Data Center has been actively developing
advanced research designs and statistical
models, striving to enhance the credibility
and impact of real-world data research and
provide robust evidence for treatment strategy
development. Professor Lai has published
nearly 150 academic papers and received long-
term funding from the National Science and
Technology Council's 2030 Cross-Generational
International Young Scholars Program, actively
promoting interdisciplinary research and
global sustainability initiatives. He is involved
in international research networks such as
the Asian Pharmacoepidemiology Network
(AsPEN) and NeuroGEN, dedicated to building
international research platforms, promoting
academic exchanges and policy improvements.
Through these efforts, he continues to enhance
Taiwan's leadership in global real-world data
research, realizing the vision from "Taiwan can
help" to "Taiwan can lead."

_argest Global Mother-Child
Pairs Big Data Study: Gestational
Diabetes Is Not a Key Risk

D in Offspring

— Edward Chia-Cheng Lai, Professor
College of Medicine /
School of Pharmacy

Research on whether gestational diabetes
mellitus (GDM) increases the risk of
attention-deficit/hyperactivity disorder
(ADHD) in offspring and whether blood
glucose-lowering medications should be
used for management has been relatively
limited. To address this gap, Professor
Edward Chia-Cheng Lai’s team at National
Cheng Kung University collaborated with
the international organization NeuroGEN,
integrating health data from seven
countries—Taiwan, New Zealand, Hong
Kong, Finland, Iceland, Norway, and Sweden.
This extensive dataset encompasses over
60 million individuals and includes 3.6 million
mother-child pairs, making it the largest
large-scale data analysis on this topic
worldwide.

Utilizing state-of-the-art big data statistical
analysis techniques and advanced
epidemiological research methods, the
study employed a sibling comparison design
to minimize the influence of genetic and
environmental confounders. By comparing
siblings within the same family, the



researchers were able to precisely infer the
true causal relationship between GDM and
ADHD in offspring. The findings challenge
previous research conclusions, confirming
that GDM is not a direct cause of ADHD in
offspring. Additionally, the study provides
evidence regarding the appropriateness
and rationale for using glucose-lowering
medications during pregnancy.

This research alleviates unnecessary
concerns among pregnant women worldwide
regarding the potential impact of GDM on
their children’s health. It also enhances the
accuracy of medical decision-making and
treatment interventions, helping to prevent
unnecessary healthcare expenditures.
Furthermore, the study highlights Taiwan’s

Largest Global Mother-Child Pairs Big Data Study

Reference

Maternal diabetes and risk of attention-
deficit/hyperactivity disorder in offspring in a
multinational cohort of 3.6 million mother—child
pairs/ Nature Medicine/ 1416-1423/ 08 April
2024

Professor Edward Chia-Cheng Lai, Director of the

capabilities in medical big data research and Population Health Data Center, and his team members
international collaboration, providing more (photo taken in May 2024).

precise scientific evidence for maternal and
child healthcare worldwide while further
elevating Taiwan’s influence in global medical
research.
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Professor Edward Chia-Cheng Lai explained the
differences between clinical trials and real-world data
(photo taken in June 2024).

Professor Edward Chia-Cheng Lai explained
this research project at the NSTC press
conference (photo taken in June 2024).
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When “more for others, less for
self” leads to co-benefits: A tri-
MRI dyad-hyperscanning study

T T —
Chun-Chia Kung Der-You Chen Ming-Hung Weng (Econ)
Professor Associate Professor Associate Professor

Shyhnan Liou Le-Si Wang Yi-Cing Chang
Distinguished Professor

We are a group of researchers interested in
neuroeconomics, social neuroscience, and
advanced experimental and analytical methods.
Members include (but not limited to): faculties,
postdocs, and students from the Department of
Economics, Psychology (both from NCKU), the
department of International Business in NTU,
and the NCKU MRI Center. In the beginning, it
was purely for the exchange of mutual interests
on common topics, and gradually evolved into a
discussion forum on the NSTC-funded research
projects. Research topics are often related to
social neuroscience, such as neuroeconomics,
multi-MRI (hyperscanning) and data analysis,
etc.

40

Chun-Chia Kung, Professor
College of Social Sciences /

Department of Psychology

Social neuroscience aims to understand
the individual and common neural
mechanisms of complex social phenomena.
In this experiment, the team explored the
interaction between cooperation/competition
and personal traits (reciprocal vs. dominant
vs. submissive) in the interaction of multiple
people by modifying the "coordination/
cooperation game" from the economics
game theory. We hope to get a glimpse of
the brain mechanism in the dynamic process
of team tacit formation and maintenance.
This study is the second in a series of
hyperscanning publications by our team, the
second in the world, and the first in Taiwan.

Since the first publication of fMRI, or
functional magnetic resonance imaging, in
1992, the vast majority of publications have
been single MRI scans. It was until 2002
that the first two-person fMRI hyperscanning
experiment (Montague et al., 2002) was
published, but it was still limited by technical
challenges and there were not many
related publications. Through the long-term
collaboration among the members, our team
published an analysis of dual-scanner inter-



When “more for others, less for self” leads to co-benefits:
A tri-MRI dyad-hyperscanning study

brain coherence in 2022 (Wang et al., 2022).
In March 2024, the hyperscanning study of
the three-MRI connection (see Figure 1) of
the three universities (NCKU, NCCU, and
NTU) was published, enriching the research
energy of social neuroscience in Taiwan. Our
team has mastered the only "multi-scanner
parallel imaging technology" in Taiwan (and
among a few in the world). This means that
while the vast majority of MRI experiments
are carried out by a single machine, multiple
scanners are connected simultaneously,
giving social scientists more opportunities to
peek into the complex phenomenon of social
interaction—the real-time mechanism of
intra- and inter-brain processing.

NCCU

Fig. 1 The fixed roles of the triads respectively in

the three fMRI sites across Taiwan, National Cheng-
Kung University (NCKU), National Taiwan University
(NTU), and National Cheng-Chi University (NCCU).
NTU and NCCU are in northern Taiwan, 8 km away,
while NCKU is in southern Taiwan, 305km apart
from NTU and NCCU. This 3-MRI hyperscanning
paper, likely the 2nd in the world, and the 1st in
Taiwan, marks the fruit of our cross-disciplinary
collaborations throughout the years.

Our title, "when ‘more for others, less for self’
leads to co-benefits" (Wang et al., 2024)
was mainly derived from Figure 3 of the
article: When the subjects were divided into
three groups according to their answers:
reciprocal, dominant, and submissive,
the reciprocal participants get the most
rewards (as opposed to the take-all, or the
submissive participants). The Temporal-
Parietal Junction (TPJ), which is responsible
for "inferring others", is negatively correlated
with the Inferior Parietal Lobule (IPL),
which is responsible for "self-interest", and
their negative correlations also correlates
with their rewards received—that is, the
subjects who earn the most on average have
lower IPL responses (less thinking about
themselves) and higher TPJ responses
(thinking more about others) in their brain.

This study not only provides neurological
evidence of our brain's social interactions but
also reflects that most Taiwanese (students)
show the signs of matured citizens - willing
to cooperate, more considerate of, and not

_riPL - rPrecentral
' Gyrus

(e)

PPI (seed region: rTPJseed)
[Successful trials > Failed trials v.s. total reward]

Fig. 2 Brain area location map of this three-
machine fMRI study. rTPJ (right temporoparietal
junction) and rIPL (right inferior parietal lobule). Red
color represents positive neural responses, whereas
blue color denotes negative ones.
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blindly yield to, nor blindly force, others.
It reveals the principle of equality and
reciprocity, which universally applies from
simple interpersonal to complex international
games. Such conclusion also has profound
implications for major problems faced by
mankind, such as global warming and
inequality between the rich and the poor.

—_
—-
-

rTPJseed-rIPL

Reciprocal [}
Dominant

Submissive

@
02 - .J_-r_’r_ﬁ "
I T I | I |
150 200 250 300 350 400

Total reward

Fig. 3 The scatter plot shows the significant

negative correlations between the total reward and
the rTPJ—rIPL connectivities. The three types of
participants were reciprocal (red), dominant (green)
and submissive (blue). The bars on the x-axis
represent the mean total reward of the three types:
reciprocal (NT$ 307.82), dominant (NT$ 274) and
submissive (NT$ 247.28). The scatter plot suggests
the reciprocal individuals (Nred=49, in red), who
earned the most reward (r=-.054, p=.713) got
the lowest rTPJ—rIPL connectivity, followed by the
dominant (Ngreen=14, r=-.610, p=.021); and
then the submissive (Nblue=15, r=-.570, p<.27)
participants.

Journal Paper

When "more for others, less for self" leads to co-
benefits: A tri-MRI| dyad-hyperscanning study/
Psychophysiology/10.1111/psyp. 14560 /2024.Mar
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Chan, W.-P., Lenoir, J., Mai, G.-S., Kuo, H.-
C., Chen, I.-C., & Shen, S.-F. (2024). Climate
velocities and species tracking in global mountain
regions. Nature, 629, 114-120. https://doi.
org/10.1038/s41586-024-07264-9
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Climate velocities and species
tracking in global mountain regions

The research team includes two corresponding
authors: Professor I-Ching Chen from the
Department of Life Sciences at National Cheng
Kung University and Dr. Sheng-Feng Shen,
Research Fellow at the Biodiversity Research
Center, Academia Sinica. The first author is
Dr. Wei-Ping Chan, a postdoctoral researcher
at Museum of Comparative Zoology, Harvard
University. Dr. Jonathan Lenoir (Université de
Picardie Jules Verne, France) compiled the
BioShift database, collecting information on
over 30,000 species distribution changes over
the past century. Professor Hung-Chi Kuo from
the Department of Atmospheric Sciences at
National Taiwan University provided expertise
in atmospheric dynamics, while Guan-Shuo
Mai from the Biodiversity Research Center at
Academia Sinica participated in the analysis.

Abstract

This study combines satellite data with
thermodynamic principles to conduct the
first comprehensive assessment of climate
change velocity in global mountain regions.
The research identifies 17 mountain areas
experiencing rapid climate change, including
Alaska-Yukon and biodiversity hotspots like
Japan and Sumatra. The findings reveal
mechanisms behind varying climate change
velocities in mountains, providing scientific
guidance for conservation strategies.

Keywords: Lapse Rate of Temperature, Isotherm
Shift, High-velocity Mountain Regions, Species
Range Shifts

I-Ching Chen, Professor ~ Vice Dean
College of Bioscience and Biotechnology /
Department of Life Sciences

Mountains serve as crucial refuges for
global biodiversity, yet face mounting threats
from climate change. As temperatures
rise, species migrate to higher elevations,
but whether they can keep pace with
temperature shifts—known as climate
velocity—has been difficult to assess due
to limited mountain weather stations. This
pioneering research addresses the urgent
challenge.

The team combined satellite remote sensing
data with thermodynamic principles to
overcome insufficient meteorological data in
mountain regions. This breakthrough enabled
the first comprehensive quantification of
climate velocities across global mountain
systems.

Key Findings:

1. Global High-Risk Regions: 32% of global
mountain areas are experiencing relatively
rapid climate change, spanning 17 regions
from Alaska-Yukon to South Africa, from
the Mediterranean to Southeast Asia—
overlapping with numerous biodiversity
hotspots.

2. Water Vapor Effects: The research
reveals that atmospheric water vapor
significantly influences climate velocity. A
previously overlooked aspect is that humid
climates reduce temperature lapse rates,



accelerating climate change velocity—
explaining why humid regions like Sumatra
and the Brazilian Highlands exhibit high
climate velocities.

3. Regional Variations: Changes are
most pronounced in mid-to-low elevation
and high-latitude mountain regions in the
Northern Hemisphere. Island mountain
systems (including Taiwan and Japan) show
significantly higher climate velocities than
continental ranges, indicating greater threats
to island biodiversity.

4. Species Response: Analysis of over
30,000 species distribution records shows
that in areas with lower climate velocities,
species still have opportunities to adapt,
highlighting the importance of mitigating
global warming and maintaining habitat
connectivity.

Published in Nature, this research confirms
different mountain regions face unequal
climate threats. The findings offer hope: in
regions with lower climate velocities, species
can adapt, suggesting that mitigating climate

Climate velocities and species tracking in
global mountain regions

change and maintaining habitat integrity can
effectively protect mountain biodiversity.

The research team recommends strengthening
global mountain meteorological monitoring
networks, especially for humidity conditions.
This study provides a scientific foundation
for mountain conservation policies, with
particular relevance for island nations like
Taiwan.

Professor Chen's team has provided crucial
scientific evidence for understanding the
challenges facing mountain biodiversity. This
Nature publication demonstrates Taiwan's
research impact while highlighting the
urgency of conservation efforts in mountain
ecosystems—Earth's treasured reservoirs of
biodiversity.

Journal Paper

Chan, W.-P.,, Lenoir, J., Mai, G.-S., Kuo, H.-
C., Chen, I.-C., & Shen, S.-F. (2024). Climate
velocities and species tracking in global mountain
regions. Nature, 629, 114-120. https://doi.
org/10.1038/s41586-024-07264-9

Fig.1 Japan is a biodiversity hotspot but faces high climate velocities (Photographed
by I-Ching Chen at Mouht J nen)
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Fig. 2 Island climate velocities are higher than those in continental mountain
regions, threatening biodiversity (Photographed by I-Ching Chen at Orchid Island)

Fig. 3 Alaska mountain regions are also classified as high-risk areas for climate

change (Photographed by Jonathan Lenoir at Chugach National Forest, South
Alaska)
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All-inorganic perovskite
gquantum dots: a fundamental
building block for optical
neuromorphic synapse devices

Dr. Ya-Ju Lee is a professor and deputy director
of the Program on Key Materials at the Academy
of Innovative Semiconductor and Sustainable
Manufacturing (AISSM) at National Cheng
Kung University. With years of research funding
from the National Science and Technology
Council (NSC), he has been deeply engaged
in condensed matter physics, specializing in
optoelectronic semiconductor experiments.
In recent years, his research has centered
on the applications of perovskite quantum
dot materials. His work encompasses the
development of biomimetic artificial synapses
and optoelectronic memory devices, the design
of Tamm plasmonic resonance cavities, and
the study of exciton-polariton generation and
condensation effects. His primary focus is on
exploring the physical coupling interactions
between light and matter, utilizing these
principles to regulate, enhance, and develop
innovative multifunctional optoelectronic devices.

Ya-Ju Lee, Professor

Program on Key Materials, Academy
of Innovative Semiconductor /
Sustainable Manufacturing (AISSM)

The human eye, as the organ responsible
for light perception, plays a crucial role in
providing the brain with essential visual
information and rapidly reconstructing the
appearance of observed scenes. External
images are first detected by the retina,
where light is converted into neural signals.
These signals are then transmitted to
the cerebral cortex for processing and
storage, ultimately forming visual memory.
In recent years, research on bio-inspired
visual systems has progressed rapidly,
yielding remarkable achievements. Most
of these studies focus on utilizing image
sensors to mimic the functions of human
image perception. However, technologies
capable of simultaneously retaining or
storing visual information remain relatively
underdeveloped.

To address this issue, Professors Ya-Ju Lee
and Chin-Shan Lue from the College of
Intelligent Semiconductor and Sustainable
Manufacturing at National Cheng Kung



University, in collaboration with Professor
Jinn-Kong Sheu from the Department of
Photonics and Professor Hongseok Oh
from Soongsil University in South Korea,
formed an international research team.
Together, they successfully developed an
optical neuromorphic synaptic device based
on all-inorganic perovskite quantum dots.
This groundbreaking device integrates
sensing, memory, and computing functions,
representing a significant milestone in the
development of near-sensor computing
technologies. Their research findings
have been published in the prestigious
international journal “Advanced Science”.

Unlike previous studies, this research not
only achieved the integration of image
sensing and visual memory within a single
device but also overcame the technical
challenges of combining two distinct material

stical
P apies”
Pholo- ‘
5’ o 1)) RRAM F
e o g -

Optical neuromorphic synaptic device

All-inorganic perovskite quantum dots

systems. This innovation allows for the direct
fabrication of device arrays that seamlessly
integrate image sensing with visual memory
storage. Such a technological breakthrough
holds immense potential for applications
in high-efficiency color image processing,
including autonomous vehicle navigation,
smart manufacturing, and medical image
analysis, thereby opening new horizons
for artificial intelligence. Furthermore, the
technology enables real-time detection
and perception through the synchronized
detection of photon energy. Its non-contact
optical encoding system also shows great
promise in the rapidly expanding field of
silicon photonics.

Professor Ya-Ju Lee noted that the 2024
Nobel Prize in Physics was awarded to John
J. Hopfield and Geoffrey E. Hinton for their
pioneering contributions to the development
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Fig. 1 (left) depicts the structure of the CsPbBr; QD-based synaptic device, along with a schematic illustrating

its operation, which emulates the human visual system. The right panel demonstrates the device's functionality
in optical information retrieval. In the left unit, memory programming is triggered by ultraviolet (UV) light
irradiation, whereas in the right unit, the erasing process accompanying occurs with green light emission. By
synchronously detecting the photon energies of UV and green light, our device can distinguish between the
"write" and "erase" encoded states without using the traditional electrical probing method.
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of artificial neural networks, which laid the
foundation for modern machine learning.
As semiconductor devices continue to
evolve towards biomimetic designs, future
technological advancements are expected to
follow this transformative trajectory.
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Fig. 2 illustrates the use of our CsPbBrs QD-based neuromorphic synaptic device array for recognizing
color and mixed-color images. After extensive training to optimize the synaptic weight distribution, the device
accurately identifies different color values, such as green 1, blue 3, and purple 5, even amidst background

noise.
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Unlocking Speech’s Secrets:
Combining Large Language
Models and Speech Features for
Early Detection of Alzheimer's

Disease

Computational Brain and Language
Laboratory (CBALL)

Our lab focuses on bridging brain, cognitive
science and Al, spanning from fundamental
brain and cognitive research to practical Al
applications. Using computing techniques, we
investigate mechanisms in typical and impaired
language processing, language development,
and construct psycholinguistic databases. In
collaboration with engineers and computer
scientists, we develop brain-inspired computing
devices and employ Al techniques to enhance
sports gaming performance and spectator
experiences. In addition, in healthcare, we use
natural language processing, deep learning
and large language models to develop
digital speech biomarkers, automate early
detection of language impairments related to
neurodegenerative diseases (e.g., Alzheimer’s
diseases) and metal health.

Ya-Ning Chang, Assistant Professor
Miin Wu School of Computing

Language is a crucial communication tool
in our daily lives. The operation of our
language system is supported by many
cognitive functions, including memory,
attention, and executive control. If any one
of these functions is damaged or declines,
it will affect our daily language use. Our
research team is dedicated to unlocking the
secrets of speech and developing speech
features as a new generation of digital health
biomarkers. Specifically, in clinical settings,
the detection of mild cognitive impairment
(MCI) and Alzheimer's disease (AD) often
requires preliminary cognitive tests and
imaging scans conducted by healthcare
professionals. This process is not only
labour-intensive but also time-consuming.
Therefore, in the initial screening stage, a
tool that can simplify the detection process
and improve efficiency is urgently needed.
As neurodegenerative diseases also reflect
on daily language use, especially changes



in speech rate, pauses, and word usage,
spontaneous speech can become a simple
and natural detection method. Regarding this
development, although there are relevant
research institutions and startups abroad
(e.g., Novoic, acceXible, etc.) investing in the
development of automated cognitive testing
systems, they primarily focus on developing
language tests for alphabetic languages. Due
to the differences in language, they cannot
be directly applied to the medical field in
Taiwan.

Our research work is led by Professor Ya-
Ning Chang’s team from Miin Wu School
of Computing, and in collaboration with
renowned medical experts in Taiwan,
including Dr. Chou-Ching Lin and Dr. Pi-Shan
Sung from the Neurology Department at the
National Cheng Kung University Hospital in
Tainan, as well as Dr. Yi-Chien Liu and Dr.
Chia-Ju Chou from Cardinal Tien Hospital
in Taipei. In addition, we have received
research funding from Google Research
Awards for two consecutive years. In 2024,
the team was invited to Google Taiwan
to present our findings, demonstrating
the significant potential of this project

Unlocking Speech's Secrets

for medical applications. Furthermore, in
terms of international cooperation, we also
received funding from the National Science
and Technology Council's Taiwan-UK joint
exchange program. We collaborated with
Dr. Saturnino Luz, a specialist in precision
medicine at the University of Edinburgh,
UK, to develop a cross-lingual feature
extraction system for AD detection. We also
released a Chinese and English spoken
language dataset in early 2024 and held
the TAUKADIAL Al competition at the
Interspeech international conference.

We have designed a system that utilizes
large language models (LLMs) to engage
in conversation with users, guiding them
to answer questions about their daily lives,
such as “Tell me about your hometown.” The
system then records the user’s responses (as
shown in Fig. 1) to conduct early detection
of AD. Specifically, the system uses a fully
automated approach to collect users' speech
data. Automatic speech recognition (ASR)
is employed to convert spoken language
into text, followed by text feature analysis.
Concurrently, deep learning methods
are used to analyze speech features. By

E&Emm
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Fig. 1 The system guides the participants to answer questions and records the audio.
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Fig. 2. A graphical report generated by the system after analyses.

extracting both linguistic and acoustic
features simultaneously, the system analyzes
the data to determine if it exhibits early signs
of MCI or AD. Finally, a graphical detection
report is generated (as shown in Fig. 2),
completing the initial automated detection.

By collecting audio recordings of spontaneous
speech from patients with early AD, mild
cognitive impairment (MCI), and normal aging
populations, we have successfully developed
the system’s evaluation, testing, and overall
software. The system has undergone multiple
rounds of testing and has proven to identify
linguistic features associated with early AD. It
significantly simplifies the screening process,
providing timely, reference-worthy preliminary
results. The outcome from our research work
has been gradually published in domestic
and international conferences and journals.
Furthermore, we have conducted field tests
at the Cardinal Tien Hospital and received
positive feedback.

The development of this technology will
greatly improve the early screening process
for MCI and AD, offering flexibility in terms
of time and location, and addressing the

manpower shortage that often arises in
traditional detection methods. This will
facilitate the widespread adoption of early
screening, which allows more patients to
receive timely interventions and treatments.
This system thereby has a significant
impact on overall health and well-being in
the future. Subsequently, we also plan to
deploy this system on various platforms such
as edge devices and robots, enhancing its
accessibility and providing service to a wider
user base.

Journal Paper

1.Screening for Early Alzheimer's Disease:
Enhancing Diagnosis with Linguistic Features and
Biomarkers / Frontiers in Aging Neuroscience/
1663-4365 / September 2024

2.Using network analysis to differentiate mild
cognitive impairment from healthy individuals/
Architecture and Mechanisms for Language
Processing (AMLaP) Conference/ --/June 2024

3.Connected Speech-Based Cognitive
Assessment in English and Chinese/ Interspeech
Conference/ --/May 2024

4 Exploring an Audio-based Approach for
Early Detection of Alzheimer’s Disease using



Chinese Speech Data/ Alzheimer's Association
International Conference/ --/ April 2024

5.Contrasting Manual and Automatic Approaches
for Extracting Linguistic Features in Predicting
Alzheimer’s Disease through Chinese Speech/
Alzheimer's Association International Conference/
--/ April 2024

6.Examining automatic generated language

Unlocking Speech's Secrets

features of Chinese spontaneous speech for
early detection of cognitive decline/ Alzheimer's
Association International Conference/ --/ April
2023

7.Linguistic features correlate with biomarkers
in very early AD/ Alzheimer's Association
International Conference/ --/ April 2023
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