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for Sustainable Energy-Driven Hydrogen

Production

Novel ZnIn,S,-Based
Piezophotocatalysts for
Sustainable Energy-Driven
Hydrogen Production

Professor Wu received her Ph.D. in Chemical
Engineering from National Cheng Kung
University, Taiwan, in 1997. She then pursued
postdoctoral research at the Institute of Atomic
and Molecular Sciences, Academia Sinica,
Taiwan, from 1997 to 2000. In 2000, she joined
the Department of Chemical Engineering at
National Cheng Kung University as an assistant
professor and was promoted to full professor
in 2006. Professor Wu’s research focuses on
the design and synthesis of nanostructured
materials for sustainable energy conversion,
biomass valorization, energy storage, and
optoelectronic applications. In recent years,
her group has developed various advanced
photocatalytic, piezophotocatalytic, and
electrochemical catalytic systems for hydrogen
production, CO, conversion, and biomass
upgrading.

Jih-Jen Wu, Distinguished Professor

College of Engineering, Department
of Chemical Engineering

This study demonstrates, for the first time,
that the widely investigated visible-light
photocatalyst ZnIn,S, exhibits piezoelectric
behavior and is capable of responding to
shear forces induced by fluid motion. The
magnitude of the piezoelectric potential
in Znln,S, is highly tunable through
structural vacancy engineering. The
resulting macroscopic built-in electric field
effectively suppresses the recombination of
photogenerated electron—hole pairs, thereby
significantly enhancing the photocatalytic
activity for hydrogen evolution.

Recently, photocatalysts with piezoelectric
properties have garnered considerable
attention. The presence of a piezoelectric
potential can induce a macroscopic built-
in electric field within the photocatalyst,
which effectively promotes the separation
and transport of photogenerated electron—
hole pairs, thereby enhancing photocatalytic
efficiency. Most of the reported studies on
piezo-photocatalysis rely on mechanical
stimulation provided by ultrasonic vibration,

Novel ZnIn,S,-Based Piezophotocatalysts
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which is not universally available in nature,
to activate the piezoelectric effect. However,
it has been demonstrated that catalytic
reactions driven by ultrasonic excitation are
predominantly governed by sonochemical
effects rather than genuine piezoelectric
mechanisms. To advance the development
of sustainable energy-driven piezo-
photocatalysts, it is essential to focus on
materials that are sensitive to low-frequency
mechanical stimuli. Such materials should
be capable of responding to shear forces
induced by naturally abundant fluidic
mechanical energy sources, such as ocean
tides, vortices, and waterfalls. Harnessing
these renewable sources in conjunction with
solar energy offers a promising strategy
for converting natural energy inputs into
chemical energy through catalysis.

Znln,S, (Z1S) has recently emerged as a
highly promising visible-light photocatalyst,
widely studied for its outstanding
performance in photocatalytic hydrogen
evolution from water and CO, reduction.
While the hexagonal crystal structure of ZIS
is generally recognized in the literature as
centrosymmetric, some theoretical studies
have proposed a non-centrosymmetric
crystal structure with space group P63amc,
which could endow ZIS with piezoelectric
properties. However, to date, there have been
no experimental investigations reporting on
the piezoelectric behavior of ZIS, let alone
studies exploring its piezoelectric (photo)
catalytic performance.

In this work, the piezoelectric characteristic
of the defective ZIS is observed through
the piezopotential response measured

using piezoelectric force microscopy,
providing the first experimental confirmation
of its intrinsic piezoelectric properties. In
photocatalytic hydrogen evolution reaction
(HER) experiments, the piezoelectric
polarization, stimulated by low-frequency
vortex vibration to ensure the well-dispersion
of ZIS in solution, plays a crucial role in
enhancing photocatalytic HER over the dual-
vacancy engineered ZIS nanosheets. The
impact of In- and S-vacancy concentrations
on the photocatalytic activity of ZIS
for HER was also investigated in this
work. A positive correlation between the
concentrations of dual In and S vacancies
and the photocatalytic HER rate over ZIS
is observed, consistent with the trend in
piezoelectric potential response.

To complement the experimental findings, a
collaborative team led by Professor Hong-
Kang Tian from the Department of Chemical
Engineering at National Cheng Kung
University performed multiscale simulations
to theoretically evaluate the impact of sulfur
and indium vacancies on the piezoelectric
behavior of ZIS. The simulations support
the experimental observations, showing that
increasing vacancy concentrations enhance
the internal electric field via amplified
piezoelectric polarization. This enhancement
facilitates more efficient separation of
photogenerated charge carriers, thereby
boosting the overall piezoelectric-
assisted photocatalytic hydrogen evolution
performance.

This study integrates experimental
investigations with theoretical calculations
to demonstrate, for the first time, that the



widely studied visible-light photocatalyst
ZIS possesses intrinsic piezoelectric
properties, establishing its promising
potential as a piezoelectric photocatalyst
responsive to fluid flow. ZIS is capable of
responding to shear forces induced by
vortex motion, generating a macroscopic
built-in electric field through piezoelectric
potential. This internal field effectively
promotes the separation and transport of
photogenerated electron-hole pairs, thereby
significantly enhancing its photocatalytic
efficiency. Furthermore, the study reveals
that the piezoelectric response and the
piezophotocatalytic hydrogen evolution
performance of ZIS are positively correlated
with the concentration of sulfur and indium
vacancies within the crystal structure.

Production

Through a comprehensive investigation of
defective non-centrosymmetric ZIS, this work
successfully demonstrates the feasibility
of coupling naturally abundant fluidic
mechanical energy with solar energy to drive
highly efficient catalytic reactions.

Piezophotocatalysts capable of
simultaneously responding to visible light
and fluidic mechanical energy offer promising
applications in coupled redox reactions, such
as concurrent water splitting for hydrogen
production and biomass conversion.
This approach enables the sustainable
transformation of abundant natural renewable
energy sources into chemical energy and
value-added chemicals, paving the way for
green and efficient chemical manufacturing
processes.

Fig. 1 Hydrogen evolution over Dual-Vacancy-Engineered ZnIn,S, under illumination

coupled with vortex vibration at different speeds.

Novel ZnIn,S,-Based Piezophotocatalysts
for Sustainable Energy-Driven Hydrogen
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In this study, ZnIn,S, is successfully
demonstrated as a model system for the
development of a sustainable energy-driven
piezoelectric photocatalyst. By harnessing
naturally abundant fluidic mechanical energy
in conjunction with solar energy, catalytic
reactions are effectively facilitated for energy
and chemical conversions, representing a
significant advancement in green chemical
processing. This work opens a new chapter
in the application of piezophotocatalysis for
sustainable energy conversion.

Journal Paper

Wen-Jia Zhong, Ming-Yuan Hung, Yen-Ting
Kuo, Hong-Kang Tian,* Chih-Ning Tsai, Chien-
Jung Wu, Yi-Dong Lin, Hsiang-Chun Yu, Yan-
Gu Lin, and Jih-den Wu*, Dual-Vacancy-
Engineered ZnIn,S, Nanosheets for Harnessing
Low-Frequency Vibration Induced Piezoelectric
Polarization Coupled with Static Dipole Field
to Enhance Photocatalytic H, Evolution, Adv.
Mater., 2403228, 2024. https://doi.org/10.1002/
adma.202403228.

Fig. 2 Schematic of the catalytic hydrogen

production over Znin,S, driven by visible light and
vortex-induced shear force.
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Development and Application
of Next-Generation Display
Technologies and Intelligent
Biomedical Systems

Chih-Lung Lin, Distinguished Professor

College of Electrical Engineering and Computer

Science, Department of Electrical Engineering

Professor Chih-Lung Lin’s research focuses
on Micro-LED driving structure, AMOLED
brightness compensation, and biomedical
optoelectronic applications, including low-
power driving circuits, Al algorithms for display,
and healthcare systems for elderly care and
wound care. His achievements include a
leakage-prevention active-matrix CMOS Micro-
LED display, Al-based AMOLED brightness
prediction and compensation technology, and a
multispectral wound healing prediction system.

Professor Chih-Lung Lin has been
dedicated to the innovative development
of flat panel display technologies and
biomedical optoelectronic systems, with
a focus on next-generation display driving
schemes, intelligent image compensation
systems, AR/VR displays, and Al-integrated
biomedical electronic applications. Through
interdisciplinary collaboration and strong
industry-academia cooperation, he has
successfully developed internationally
competitive technologies that have been
published in distinguished journals and
recognized with prestigious academic
honors. His research focuses on Micro-LED
and AMOLED display panels, advanced
micro-display architectures, and biomedical
electronic systems. In the past three years,
his work has been published in highly-
ranked journals such as Advances in
Optics and Photonics, Light: Science &
Applications, IEEE Transactions on Electron
Devices (TED), and IEEE Transactions on
Industrial Electronics (TIE). He has received



a total of 95 patents, technology transfer
worth NT$2.25 million, and international
recognition as an Optica Fellow, SID Fellow,
and IET Fellow.

In the field of Mini/Micro-LED, Professor
Lin’s team has developed a novel Micro-LED
driving system that significantly enhances
luminous efficiency and reduces the power
consumption of the panel, while simplifying
the complex waveforms required pulse-width
modulation (PWM) pixel circuits, and thus
reduces the complexity of panel system.
Additionally, he proposed a compensation
method for automotive Mini-LED backlight
displays to address the visibility under high
ambient light conditions. By calculating
gamma coefficients based on human eye
just-noticeable difference, the display
remains clearly visible even under direct
sunlight (100K lux).

In AR/VR display circuits, Professor Lin
tackled the issue of leakage current affecting
grayscale levels due to ultra-small pixel
sizes by designing active-matrix CMOS
circuits with leakage-prevention structures,
improving the stability of driving currents.
For AMOLED displays, he introduced a
new external compensation mechanism by
applying artificial intelligence. Using neural
networks and predictive algorithms to model
brightness degradation trends, the system
was implemented on FPGA hardware to
enable effective Demura and Deburn-in
brightness compensation.

In advanced biomedical systems, Professor
Lin developed multispectral LED circuits
integrated with multispectral sensors. By
leveraging the spectral absorption differences

Intelligent Biomedical Systems

of oxyhemoglobin and deoxyhemoglobin at
specific wavelengths, the system detects
cutaneous oxygen saturation in wound
tissue. He also introduced deep learning
models to identify wound areas, leading to
the world’s first predictive healing system
for chronic wounds that combines visible
and multispectral images empowering
healthcare providers to objectively assess
wound healing phases. Moreover, Professor
Lin integrated optical distance sensors into
a shoe-type wearable device that analyzes
gait types and detects terrain types. By
integrating with Al models, the system
enables real-time recognition of various daily
activities and incidents such as tripping and
falling, allowing immediate alerts to reduce
injury risks.

Professor Lin is the first to propose the
novel Micro-LED driving structure featuring
a built-in sawtooth-like wave generators for
PWM pixel circuits [1], enhancing luminous
efficiency and simplifying system complexity.
This technology has been granted a U.S.
patent [2] and applied to AUO’s low-
temperature polysilicon display panels. In
collaboration with Raydium Semiconductor,
he also developed a CMOS-based active-
matrix Micro-LED display with leakage
prevention structure (7000 PPI, pixel size of
3.6 um x 3.6 um), and fabricated Micro-LED
display panels.

To address brightness degradation and low-
frequency operation issues in AMOLED
displays, Professor Lin is the first to propose
Demura and Deburn-in compensation
circuits, which were successfully implemented
in a 1.41-inch AMOLED panel, achieving
over 50% reduction in power consumption [3].

Development and Application of Next-
Generation Display Technologies and

15
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In the biomedical domain, he developed
a predictive wound healing system that
integrates visible and multispectral imaging,
achieving a segmentation accuracy of 94%
[4]. Additionally, he proposed a shoe-type
wearable fall-prevention system [5], which
demonstrated an average accuracy of 98%,
validating the high reliability of the proposed
system.

In the future, Professor Lin aims to further
strengthen interdisciplinary integration
to develop next-generation flexible and
transparent Micro-LED display technologies,
enhancing both functionality and visual
experience for wearable and vehicle
applications. He also plans to advance
biomedical systems focused on wound care
and elderly care platforms, integrating clinical
data with Al models to realize predictive
healthcare solutions.

Professor Lin has integrated interdisciplinary
technologies, including display circuit
design, biomedical optoelectronic sensing,
Al algorithms, and system integration, to
drive numerous groundbreaking research
achievements. These innovations have been
successfully applied to next-generation
display systems and smart healthcare
technologies. His work has enhanced
domestic capabilities in independent
research and gained wide recognition and
citation from the international academic and
industrial communities. Moving forward, he
will continue advancing key technological
innovations, deepening academia-industry
collaborations, and expanding the application
scope of his research to help establish
Taiwan’s international leadership in smart
display and biomedical technologies.

Journal Paper

[1] Chih-Lung Lin*, Cheng-Han Ke, Jui-Hung
Chang, Chieh-An Lin, Chia-En Wu, and Ming-
Hsien Lee, “Analog PWM Method With Sweep
Generation Structure Based on P-Type LTPS
TFTs for Micro-LED Displays,” IEEE Journal of
the Electron Devices Society, Oct. 2023. (Impact
Factor: 2) DOI: 10.1109/JEDS.2023.3324065132

2] MEE MiER BLEH =& R “Pixel
compensation circuit’ US % A3 US11170706B1
2021/11/09

[3] Chih-Lung Lin*, Jui-Hung Chang, Chia-Lun
Lee, Po-Cheng Lai, Chi-Hsuan Huang, and
Li-Wei Shih, “LTPO-TFT-Based Pixel Circuit
Compensating for VTH, VOLED, and VDD/VSS IR
Drop and Rise in Variable-Frame-Rate AMOLED
Smartwatch Displays,” IEEE Open Journal of the
Solid-State Circuits Society, 2025(Accepted)

[4] Chih-Lung Lin*, Meng-Hsuan Wu, Yuan-
Hao Ho, Fang-Yi Lin, Yu-Hsien Lu, Yuan-Yu
Hsueh, and Chia-Chen Chen, “Multispectral
Imaging-based System for Detecting Tissue
Oxygen Saturation with Wound Segmentation
for Monitoring Wound Healing,” IEEE Journal of
Translational Engineering in Health and Medicine,
vol. 12, pp. 468-479, May. 2024. (Impact Factor:
3.7) DOI: 10.1109/JTEHM.2024.3399232)

[5] Chih-Lung Lin*, Yuan-Hao Ho, Fang-Yi Lin,
Pi-Shan Sung, and Cheng-Yi Huang, “Fall-Risk
Monitoring in Diverse Terrains Using Dual-Task
Learning and Wearable Sensing System,” IEEE
Journal of Biomedical and Health Informatics,
Jan. 2025 (Impact Factor: 6.7)
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shaft cooling

Thermal analysis of electric
motor with shaft cooling

Shyy Woei Chang, Distinguished Professor

He was appointed as a professor in NCKU in
2017 and was appointed as a distinguished
professor in 2021. Since 2003, he has served
as the head of TAF Testing Laboratory (0895)
and served as the chairman of the Taiwan
Water Supply and Drainage Society. He
received his B.A. (First Class) from University
of Wales (Swansea) in 1992, Ph.D. in 1995 and
Dsc. in 2010. During his Ph.D. studies (1992-
1995), he was awarded the Overseas Research
Scholarship by the British Government.
His research interests include heat transfer
enhancement, gas turbine blade cooling,
piston cooling, electronic cooling, motor heat
dissipation, thermos-fluids in sea conditions,
two-phase flow and heat transfer. He has
published more than 160 SCI journal papers
and won the Outstanding Research Award of
the National Science and Technology Council
twice.

College of Engineering, Department of

Systems and Mechatronic Engineering

Thermal powers of motor vary with speed,
torque and efficiency. Internal convective
flows are affected by rotations of rotor and
shaft, posing difficulties in thermal simulation.
Cooling technology is crucial for avoiding its
thermal damage. Promoting cooling efficacy
by impinging jets and turbulators in rotating
shaft permits ever-mounting power density,
strengthening competitive advantages of
motor.

Green energy is usually converted into
electricity and transformed as power via
motor. Competitive advantages of a motor
are pertinent to its power density; while
the key to increasing power density lies in
cooling technology. A motor is composed of a
variety of composite structures with internal
air chambers of complex configurations. Heat
convection in an air chamber is influenced
by its constituent rotating components,
leading great challenge for accurate
three dimensional thermal simulations.
Development of heat transfer enhancement
technology with computational capabilities
for accurately evaluating its cooling efficacy
manifest motor cooling research.

Thermal analysis of electric motor with
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With present cooling enhancement schemes
in shaft, the maximum coil and magnet
temperatures are reduced by 30.16-35.2%
and 69.73-75.7% of those without shaft
cooling respectively, affirming the favorable
cooling impacts for permitting increases of
power density of motor.

In addition to the cooling application for
a motor connecting with mechanical load
at one shaft end, this technology remains
applicable to shaft cooling of various rotating
machineries.

Cooling research is one of the core
technologies for developing high-
performance motors. This research
is completed through multidiscipline

BEPZEHPRRES
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SRR [ s % Al BRI
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cooperation with engineers in the
electromagnetic field of Delta Electric. The
industry-academia joint research on core
technological issues can not only ensure
the research quality in the engineering field,
but also strengthen the spreading benefits
of academic research, leading to social
contributions.

Journal Paper

Shyy Woei Chang and Wei Ling Cai, Thermal impact
of integrated bore cooling with impinging jets and
turbulators in rotating shaft of interior permanent
magnet electric motor, Thermal Science and
Engineering Progress, 57, 103164.



ERESii

P o

A I DF
= )nm}

BREABRERSEBEELRYE  BEHKIS
IR BRI TIREMAITERET 1 "THRRIRR L &
REEHIEE Y rl%ﬁ%ﬁh o {tBFTEERIEF
ERRIBPLOEK @ AF KB ERTR
RETERETRE  MNRABEEHREIEMAR
EEHEFEN  RBERISNHAEREIFEN
BB - PHIRE TR 150 BEMFHN » M
lﬂm 2030 BHABIRFERELEESTESF
HR¥HED - TRIRIEEN BRI TR B IKIEE R
FIST= o MBS ERIMNEYDRITIRE ( AsPEN)
A0 NeuroGEN ZEBUFR#EMEISTE - ?ﬂjjﬁj\}g@%%
MRFE @ (BEBMMMEBERNE » E— TR
AEEESIKEEHREBHRNBEMN - B
I8 T Taiwan can help &l " Taiwan can lead |

BYFRSS o

B EEXENES ]

55 %ﬁ?&ﬁﬁnﬁ’ﬁ [ YE
JMEEKERVIEEN T

FEREH - HUR
B2k | 2R

RR#EHEESENHBEMR TP AT
RIREVS)E - LHAERBEFREEOND TP
BBEEEM - AXXAES JDRBHI%}ED%GU
fER » WIRETEEERBERERARZER LK
BEMRKREE -

EEBENAHFHERLD  IRERE—
BAYSNROMFTLE » LHEEEHRH

F AEHAEIRM A0

21



22

NATIONAL CHENG KUNG UNIVERSITY

RESEARCH DIGEST

BODTPERER - BRMBERIERER
BHEGR BNREBILE  SREIAE
ERERER  RAEEURIBETEZE
BEETEIRQERRESARE o

EHRPIEENFEP - FFER BT
HIZEPIZRINE (sCCS) - MBAREM DT
MABTE R BRI B ITEVRIRILE - DT L
BEERPERGERENFER - FIRE
RRZIBI0EBEE - A - BMEIEEERI 14 XAE
B SHELEXRTS BEMERETEYRE
REBRE - Z—IBWRP > HfHEM "X
FIRBIRZXERET ) REIMERBRGREER
DMESHHNRR - £5RILARERER EE
ERRER - WBREMIDEE  E—FEE
SMEZ BRI o

SLEARAHIEOR S RRERETEBTE
MEEFRPHRERAD  BRBREHTEHR
RRINERIREE o

TR EEER 21 HRREBRIEE
B ENEE THorizon 2020512 | QS B
BRI AEEESENEEHE T
B BREYE=EFARNRERILBECEEHR
B - NMERESG B EATIRR AEARER
PRIRSE  INEBBIREBEERDE ~ I RNis
ZF78  BEBARERMAE - WRARRA
it BEIREREREXEER o

Bt - AR #EHANE 22U ToEM
BREBIRXENE R - BiBEZHRB
12 BERMAYEMESBIRNG - BRiEsRE
B BIATSWERNAME  FERERNE
NHAREROVKIEHEREMSS ] o

HATEm 3

1.Wang GH, Man KKC, Chang WH, Liao TC, Lai
EC. Use of antipsychotic drugs and cholinesterase
inhibitors and risk of falls and fractures: self-
controlled case series. BMJ. Sep 9 2021;374:n1925.
doi:10.1136/bmj.n1925

2.Huang WC, Yang AS, Tsai DH, Shao SC,
Lin SJ, Lai EC. Association between recently
raised anticholinergic burden and risk of acute
cardiovascular events: nationwide case-case-time-
control study. BMJ. Sep 27 2023;382:e076045.
doi:10.1136/bmj-2023-076045

3.21 Century Cures Act: https://www.fda.gov/
regulatory-information/selected-amendments-fdc-
act/2 1st-century-cures-act

4.Horizon 20: https://research-and-innovation.
ec.europa.eu/funding/funding-opportunities/funding-
programmes-and-open-cal ls/horizon-2020_en



Driving Force for Academic Value

Causal Inference: The Core of
Real-World Data Research and
a Sustainable Driving Force for

Academic Value

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."

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

Causal inference is an essential methodology
in medical and public health research,
particularly in the analysis of real-world
data. This article illustrates the application
of causal inference through examples
and discusses its value in healthcare
policy, clinical decision-making, and future
prospects.

In the fields of medicine and public health,
causal inference is an indispensable research
tool, particularly crucial when analyzing real-
world data. Observed associations between
exposures and outcomes do not necessarily
indicate causal relationships, as real-world
data are often influenced by confounding by
indication or reverse causation.

In our previous studies, we applied the self-
controlled case series (SCCS) method
to analyze the association between
antipsychotics and fall-related fractures.
While comparing incidence rates between
treatment and non-treatment periods
revealed an increasing trend, a much
higher incidence rate was observed during
the 14 days prior to treatment, indicating

Causal Inference: The Core of Real-
World Data Research and a Sustainable
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confounding by indication. Another study
employed the case-crossover design
to investigate the association between
anticholinergic burden and major
cardiovascular events. After accounting for
temporal bias, the relationship still remained
and was further confirmed.

These examples highlight the critical role
of causal inference in clarifying complex
associations and avoiding erroneous
conclusions that could impact clinical
practice and policymaking.

In recent years, with the promotion of
the 21st Century Cures Act in the United
States and the Horizon 2020 program in the
European Union, real-world data analysis
has increasingly become an essential
component of pharmaceutical review
processes. Proper application of causal

inference combined with real-world data can
not only assess local healthcare conditions
for clinical application in Taiwan but also
facilitate better resource allocation, reduce
unnecessary interventions, lower clinical
trial costs, and enhance health equity,
contributing to the sustainable development
of healthcare systems.

Therefore, causal inference is not only a
research technique but also a driving force
for sustainability. Through rigorous inference
processes, we can ensure the reliability
and reproducibility of research findings,
avoid erroneous evidence, and enhance
the efficient use of academic resources,
continuously contributing to the sustainable
development of healthcare and public
health.
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Cross-Disciplinary Innovation:
Electric Vehicles, Space
Technology, and Al Applications

Min-Fu Hsieh, Distinguished Professor

College of Electrical Engineering and Computer

Science, Department of Electrical Engineering

Distinguished Professor Min-Fu Hsieh of
the Department of Electrical Engineering
at National Cheng Kung University leads
the Electrical Machine and Drive System
Laboratory and previously served as Deputy
Vice President for Research and Development.
His expertise focuses on high-performance
electric machine design and intelligent drive
systems. In recent years, he has led multiple
projects involving wide bandgap power device
applications in high-performance motor drives,
high power-density servo motors, and Al-based
intelligent fault diagnosis algorithms. Through
collaborations with industry partners, he has
promoted the localization of key technologies
such as high-power electric vehicle motors and
satellite reaction wheels, thereby enhancing
Taiwan’s R&D capabilities in electric mobility
and space technology. Professor Hsieh has
also been deeply involved in IEEE international
conferences and journal editorial work, actively
building international linkages and dedicating
himself to cultivating globally competitive high-
level talent.

Our team focuses on motor design and drive
control, electric vehicle systems, satellite
attitude control, and Al-based fault diagnosis,
aiming to advance Taiwan’s technological
self-reliance and cultivate high-level research
talent. We have collaborated with China Steel
Corporation to develop high-performance
electric vehicle motors and with the National
Space Organization to produce domestically
made reaction wheels. Our achievements
in Al-assisted diagnostics have also been
internationally recognized.

From Space to Ground: The
Unfinished Dream of Technology

With the rapid advancement of the space
industry, electric vehicles, and national
defense autonomy, Taiwan, despite its
solid industrial foundation, still heavily
relies on international suppliers for critical
technologies and core components—
resulting in high costs and potential
technological gaps. In pursuit of the goal of
“technological self-reliance,” our research
team has long been dedicated to the
development of high-performance electric
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machines and motor drive technologies. Our
work spans motor design, vehicle power
systems, drive control, and Al-assisted
fault diagnosis, aiming to establish Taiwan’s
capabilities in independent R&D and
industrialization.

Cross-Disciplinary Collaboration and
Innovative Research

Leveraging years of accumulated expertise,
the research team actively engages in
strategic R&D initiatives across key domains
such as miniature and high-speed electric
machines, vehicle propulsion systems, and
permanent magnet synchronous motor
(PMSM) drives. These efforts are conducted
in close collaboration with industry, defense,
and space organizations.

In the field of space technology, the
team partnered with the National Space
Organization (NSPO) and Gong Zhun
Precision Co. to successfully develop a
commercially viable, high-performance
reaction wheel—a core component for
satellite attitude control. This development
marks a critical milestone toward the

Applications

localization of key satellite subsystems and is
slated for future deployment on domestically
produced satellites.

In the electric vehicle sector, the team
collaborated with China Steel Corporation
to develop a 100 kW-class traction motor,
which has successfully completed real-
vehicle testing, demonstrating performance
on par with international standards.
Furthermore, the team is among the few in
Taiwan to implement silicon carbide (SiC)
drive technology and integrated motor/drive
system design, laying a solid foundation
for the advancement of the domestic EV
industry.

In the area of Al-based fault prediction and
diagnosis, the team’s published research
has garnered significant international
attention, earning the distinction of IEEE
Magnetics Society Distinguished Lecturer for
its contributions.

Achievements and Recognition

The team’s research outcomes have
received widespread recognition from
both academia and industry. The principal
investigator has been honored with several
prestigious awards, including the Outstanding
Engineering Professor Award from the
Chinese Institute of Engineers, the Lee Kuo-
Ding Gold Medal for Science, Technology
and Humanities, the Excellence in Defense
Advanced Technology Project Award, and
the Outstanding Research Award from the
National Science and Technology Council
(NSTC).

The student team also received first prize in
the NSTC Innovation and Entrepreneurship

Cross-Disciplinary Innovation: Electric
Vehicles, Space Technology, and Al
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Incentive Program, subsequently founding
a startup company, Tensor Tech, which
successfully developed a spherical
motor tested in orbit aboard a satellite—
demonstrating both youth-led innovation and
the potential for effective technology transfer.

In alignment with the New Southbound
Policy, the team actively cultivates
international talent. Several international
graduates have returned to their home
countries to pursue academic or industrial
careers, while others have chosen to remain
in Taiwan, contributing to the diversification
and internationalization of the local research
ecosystem.

Future Outlook: Building a More
Resilient Taiwanese Technology
Ecosystem

Looking ahead, the team will continue
to strengthen technologies in electric
machines and drive systems, extending their
applications to areas such as communication
satellites and electric aerial vehicles. Through
deepening academia-industry collaboration
and international partnerships, the team
aims to accelerate research translation
and talent cultivation, contributing to the
development of a self-reliant and resilient
technology ecosystem in Taiwan.

Conclusion: From Basement Labs to
In-Orbit Validation

From dismantling an early-stage, non-
functional spherical motor in a laboratory, to
founding a startup, and ultimately sending
domestically developed technology into
space, this journey not only demonstrates
the realization of research outcomes but also
embodies the spirit of youth entrepreneurship
and interdisciplinary collaboration. We
believe that cross-disciplinary research is a
vital driver of technological innovation and
breakthrough.
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Science. His primary research focuses on
the integration of information technology into
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In 2024, Professor Huang was honored with
the Merit NSTC Research Fellow Award by
the National Science and Technology Council
(NSTC). Notably, Professor Huang is the
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(International Conference on Information
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this conference attracts participants from
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Reflective Thinking

ne Ultimate Goal of Generative
iIn Education: Higher-Order
ninking and Reflective Thinking

Yueh-Min Huang, Chair Professor
College of Engineering,
Department of Engineering Science

Generative Al is rapidly transforming the
landscape of education. Its true value goes
beyond enhancing knowledge acquisition—
it aims to cultivate students’ higher-order
thinking and reflective thinking skills. By
doing so, it fosters deeper understanding,
critical learning processes, and more
meaningful engagement, aligning with the
ultimate goals of education in the era of
intelligent technology.

As generative Al tools like ChatGPT
become increasingly prevalent in education,
educators and students alike are integrating
them into teaching and learning. Yet amid this
Al boom, we must reconsider a fundamental
question: what is the true goal of education
empowered by Al? Al should not be seen
merely as a tool for accelerating information
access or automating assignments. Instead,
it should help cultivate students’ abilities
to think critically, reflect deeply, and create
meaningfully. In STEM education especially,
learning has shifted from passive knowledge
intake to active inquiry, collaboration, and
reflection—skills essential for developing

The Ultimate Goal of Generative Al in
Education: Higher-Order Thinking and
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higher-order thinking and solving complex,
real-world problems.

The emergence of generative Al—especially
large language models like ChatGPT—is
redefining the way education is delivered and
experienced. These tools are no longer mere
search engines or automated writing tools;
they have evolved into interactive partners
capable of guiding inquiry, prompting
reflection, and supporting critical thinking
throughout the learning journey.

In our series of studies, we integrated
generative Al into various STEM education
settings and developed a range of innovative
learning tools, including the GPT-Assisted
Summarization Aid (GASA) [1], InquiryGPT
[2], the peer assessment framework PA-
GPT [3], the guided ChatGPT Learning
Aid (GCLA) [4], and the GPT Feedback
System (GPTFS) [5]. The central goal of
these tools is not to provide direct answers,
but to support students through prompts,
dialogue, and structured guidance that
enhance their inquiry and critical thinking.
Across activities such as hands-on tasks,
conceptual exploration, and collaborative
learning, students engaged with Al feedback
to reassess prior understanding, fostering
reflective thinking and higher-order problem-
solving skKills. These experiences not only
support knowledge construction, but also
create authentic learning environments
where technology and deep learning
coalesce [6].

From a pedagogical perspective, higher-
order thinking (HOTS) includes the skills
of application, analysis, evaluation, and
creativity. Reflective thinking, meanwhile,

involves learners evaluating their learning
processes and making informed adjustments
[7]1. These skills are critical to preparing
learners for the complexities of the 21st
century, yet they are often underdeveloped
in traditional, teacher-centered classrooms.

Generative Al offers a promising remedy. It
provides a space for students to explore, fail
safely, and try again—receiving immediate,
formative guidance from Al without judgment.
When Al acts as a guide rather than a
solution-provider, learners are encouraged
to engage more deeply and reflectively,
fostering a habit of metacognitive thinking
and continuous improvement [8].

Importantly, the role of the teacher remains
indispensable. Rather than becoming mere
designers or Al facilitators, teachers continue
to serve as essential guides and thinking
partners throughout the learning process
[9]- They provide timely feedback, pose
critical questions, and help students interpret
and internalize Al-generated content. By
facilitating meaningful interactions between
students and Al, teachers ensure that
technology enhances—not replaces—
human-centered learning, and that students
develop their thinking with depth, autonomy;,
and purpose.

In conclusion, the integration of generative
Al in education must aim higher than
efficiency. It must strive to cultivate learners'
ability to think critically, reflect deeply, and
learn independently. When used thoughtfully,
Al becomes more than a tool—it becomes
a catalyst for educational transformation
aligned with the true purposes of learning.

The true educational value of generative



Al lies not in generating perfect answers,
but in inspiring learners to ask questions,
challenge perspectives, and explore
solutions. Empirical evidence suggests that
when Al is used as a guided learning aid,
with multimodal feedback and scaffolding, it
effectively triggers students’ deep learning
processes.

The future of generative Al in education
extends beyond answering questions—
it may become a “cognitive mirror” that
supports continuous self-reflection and
adaptive learning strategies. At the same
time, it is crucial to develop fair, explainable,
and ethical Al learning tools to ensure
sustainable and trustworthy integration in
educational settings.

When education meets Al, the true pursuit is
not to replace teachers or simplify learning,
but to use technology to help every learner
think deeper, reflect further, and reach a
higher level of intellectual growth.

Reflective Thinking
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Generative Al tools—such as the GPT-Assisted Summarization Aid (GASA), InquiryGPT,
the peer assessment system PA-GPT, the guided learning framework GCLA, and the GPT
Feedback System (GPTFS)—support students across different cognitive levels in Bloom’s
Taxonomy, from understanding and applying concepts to analyzing, creating, and engaging in
reflective thinking. These tools foster deeper, more meaningful learning.
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Irregular Rough Surfaces

Designing Efficient Heat
Dissipation Fins Through
Natural Convection Analysis
of Irregular Rough Surfaces

Dr. ChungGang Li is an Associate Professor
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at National Cheng Kung University, Taiwan. He
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ChungGang Li, Associate Professor
College of Engineering, Deparment
of Mechanical Engineering

This study investigates how vertical
fins with irregular rough surfaces
affect heat dissipation efficiency under
natural convection. Through simulation
analysis, we found that moderate surface
roughness improves heat transfer, while
excessive roughness reduces efficiency.
The arrangement of surface structures
significantly influences airflow, thereby
altering thermal performance. Our findings
suggest that effective fin design should focus
on the interaction between surface geometry
and flow behavior, rather than simply
increasing surface area.

As electronic components continue to
shrink while generating more heat, effective
thermal management has become an
increasingly pressing challenge. Natural
convection, a passive cooling method that
relies on air moving naturally without the
need for fans or pumps, is gaining attention
due to its simplicity and low cost. This study
focuses on how different surface roughness

Designing Efficient Heat Dissipation Fins
Through Natural Convection Analysis of
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Fig. 1 Surfaces with Different Degrees of Random Roughness

Table 1 Average Nu for Different Conditions

g Nu Difference (%)
Smooth 27.85 -
9.5 32.80 +17.75
16 30.046 +7.87
24 24.47 +2.2
32 27.32 -1.92

levels influence heat dissipation under
natural convection and further proposes
optimized fin geometries to enhance thermal
performance.

In the initial phase [1], we conducted
simulations on vertical plates with randomly
distributed surface roughness (Fig. 1). Since
this problem involves low-speed airflow and
complex surface geometries, we utilized a
customized computational fluid dynamics
(CFD) tool developed by the authors
[2] and executed the simulations on the
supercomputers at the National Center for
High-Performance Computing. To thoroughly
compare the performance of smooth versus

rough surfaces, we analyzed the average
Nusselt number (Nu, a dimensionless
number that indicates how efficiently
heat is transferred from a surface to the
surrounding air). A higher Nu means better
heat dissipation. Except for the roughest
cases, most rough surfaces achieved higher
Nu values than the smooth plate, with the
best case showing a 17.75% improvement.
However, when roughness became too
extreme, efficiency declined. Velocity field
analysis revealed that in the upstream region
near the inlet, rough surfaces generally
experienced lower flow speeds than smooth
ones. However, in the midstream and



Designing Efficient Heat Dissipation Fins Through
Natural Convection Analysis of Irregular Rough

Surfaces
downstream regions, some rough surfaces became trapped. In Fig. 2b, the lateral flow
outperformed the smooth plate. This trend near the peaks weakened with increasing
is echoed in the Nusselt number distribution roughness, making it harder for air to "climb"
(Fig. 3), highlighting that the arrangement of and "descend" the surface features. This
roughness elements significantly influences reduced airflow increased heat retention and
heat transfer, especially in the midstream lowered overall thermal performance. Based
zone. Interestingly, while it's commonly on our findings, we propose three design
believed that increased surface roughness guidelines for improving natural convection

improves cooling, our results showed the
opposite trend at high roughness. From the
velocity fields in Fig. 2, we observed that in
Fig. 2a, fluid velocity in the valleys dropped
to near zero (blue regions), meaning air

heat transfer:

1.Avoid sharp roughness elements to prevent
reducing the effective heat dissipation
area.

Fig. 2 Velocity distribution on different surface

Fig. 3 Local Nusselt Number Distribution
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2.Avoid high-frequency roughness patterns,
which weaken recirculation behind peaks.

3.Reduce valley depth to prevent heat
accumulation when flow velocity increases.

This study demonstrates that surface
geometry and roughness play a critical role
in heat dissipation under natural convection.
While moderate roughness can enhance
heat transfer, excessive roughness may trap
air and reduce cooling efficiency. Moreover,
our findings show that effective surface
design is not just about increasing area—
it's about facilitating airflow to carry heat
away. These results highlight that strategic
surface structuring is more crucial than
surface area alone in natural convection
cooling design. Looking ahead, we plan
to further investigate how different surface
geometries affect natural convection, with
the goal of developing optimal design rules

for passive cooling of compact electronic
devices. In the long term, these principles
could also be applied to broader fields
such as solar thermal collectors, building
ventilation, or spacecraft thermal control
systems. In all these cases, even small gains
in thermal efficiency can lead to meaningful
performance improvements—and surface
design could be the key to unlocking them.
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From Prediction to Decision:
Optimizing Long-Term Care
Placements for Older Delayed
Discharge Patients

Ya-Tang Chuang is currently an Associate
Professor in the Department of Industrial and
Information Management at National Cheng
Kung University. He received his Ph.D. from
the Department of Industrial Engineering
at the University of Toronto, Canada, and
joined NCKU on August 1, 2020. His primary
research focuses on the application of
stochastic optimization models in practice,
including inventory management, maintenance
optimization, and healthcare management.

Ya-Tang Chuang, Associate Professor
College of Management, Department of

Industrial and Information Management

With the rapid growth of the aging
population, the proportion of Alternate
Level of Care (ALC) patients in hospitals is
steadily rising, causing significant strain on
healthcare resources. This study addresses
the challenge by proposing an innovative
model that integrates machine learning with
a Markov decision process (MDP) to predict
individual patient trajectories and optimize
their long-term care (LTC) placement.
Trained and tested on 13 years of real-world
healthcare data, the model is shown to
effectively reduce hospital costs and lengths
of stay while improving the efficiency of LTC
bed utilization, offering valuable insights for
future aging-related healthcare policies.

With population aging, the number of older
patients experiencing delayed discharge
(designated as Alternate Level of Care,
or ALC) is rapidly increasing, placing
immense pressure on healthcare systems.
These patients no longer require acute
care but remain in hospitals due to limited



From Prediction to Decision: Optimizing Long-
Term Care Placements for Older Delayed

Discharge Patients

Figure: detailed picture of the ALC patient journey.

LTC resources, causing bed shortages,
emergency department congestion, and
canceled procedures. Traditional discharge
planning is often based on clinical judgment
and lacks the ability to adapt to the complex,
heterogeneous health profiles of older
patients.

This research, conducted in collaboration
between National Cheng Kung University
and Canadian institutions, presents a
prediction-driven decision model that
incorporates patient-specific health states
and characteristics to predict future health
trajectories. Using a Markov Decision
Process (MDP) framework and a 13-year
dataset covering over 160,000 older patients
in Ontario, Canada, the team developed
personalized health transition models and
cost functions. The model employs an index
policy to prioritize discharge decisions

efficiently across patients. Numerical
experiments demonstrate the model’s ability
to reduce hospital costs and length of stay
effectively.

This study demonstrates that incorporating
machine learning-based predictive
information into discharge decisions
significantly improves healthcare resource
utilization, reduces hospital stay durations
and costs, and mitigates the impact of LTC
bed shortages.

The model is highly scalable and can
be adapted for other regions or patient
populations. It may also be integrated with
real-time data and electronic health records
for dynamic decision-making. Moreover, the
approach has the potential to be extended
to other healthcare resource allocation
challenges, such as surgical scheduling or
ICU management.
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Figure: Modeling Framework

Managing ALC patients efficiently under
resource constraints and an aging population
is a global healthcare challenge. Decision
tools combining Al and operations research
offer promising solutions for this pressing
issue.
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