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Editor’s Note
Dear All,

Universities have always been among society’s most enduring institutions. Yet endurance
alone is no longer enough. In an era shaped by rapid technological change, shifting learner
expectations, global competition, climate uncertainty, demographic transitions, and questions about
the public value of higher education, universities are being asked not merely to adapt, but to reinvent
themselves: Reinventing Universities for a Changing World.

The idea of “reinventing universities” invites us to look beyond incremental reform. It asks
what kind of university is needed for the present moment: one that is digitally capable but deeply
human, globally connected yet locally responsible, research-driven while also committed to
inclusion, sustainability, employability, and lifelong learning. Recent discussions of higher education
transformation emphasize that digital transformation and smart campuses can reshape teaching,
engagement, institutional management, and decision-making, while broader debates remind us that
universities must redesign their missions around public purpose, agility, and social impact. The
MHESI Reinventing University project aims to reform Thailand’s higher education system by
categorizing universities into 5 strategic groups, aligning their strengths with national development
goals.

This issue takes that challenge seriously. The contributions gathered here reflect a shared
recognition that the future university cannot be built through technology alone, nor through tradition
alone. It must emerge from thoughtful leadership, ethical innovation, interdisciplinary collaboration,
and a renewed commitment to learners and communities. Reinvention, in this sense, is not a
rejection of the university’s heritage; it is a call to reinterpret that heritage in light of new realities.
As readers engage with the articles in this journal, 1 invite them to consider several guiding
questions: How can universities prepare graduates for uncertain futures while preserving the depth of
intellectual inquiry? How can digital tools expand access without weakening human connection?
How can institutions become more responsive, equitable, and sustainable while maintaining
academic quality? And how can universities serve not only as places of knowledge production, but

also as partners in shaping more resilient societies?



Reinventing universities is therefore both an institutional task and an intellectual invitation. It
requires courage to question inherited models, imagination to design new possibilities, and
responsibility to ensure that transformation remains anchored in human dignity and the public good.
It is my hope that this issue contributes meaningfully to that conversation and encourages educators,

researchers, policymakers, and university leaders to rethink what higher education can become.

APHEIT journal is a platform for Share and Learn. We always value your contributions.

Manit Boonprasert, Ed.D

The Association of Private Higher Education Institutions of Thailand

Under the Patronage of Her Royal Highness Princess Maha Chakri Sirindhorn
June 2026
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ABSTRACT

Long-duration human space missions require food systems that can operate
independently of Earth-based resupply. This review examines the evolution of space food
systems, evaluates potential biological resources for food production, and discusses recent
advances in plant cultivation and emerging food production technologies. The study is
organized into key themes: the historical development of space food, biological resources, plant
cultivation under microgravity, Controlled Environment Agriculture (CEA), automation, three-
dimensional (3D) food printing, and closed-loop life-support systems. Historically, space food
systems have progressed from the packaged meals of the Mercury and Apollo missions to the
more diverse food systems used on the Space Shuttle, the International Space Station, and
commercial resupply missions. Despite those advances, current systems remain dependent on
regular deliveries from Earth. A combination of plants, microorganisms, algae, fungi, insects,
and cultivated meat could provide complementary nutritional and life-support functions, while
CEA, automated food production, 3D food printing, and Engineered Closed Circular
Environmental Life-Support Systems (ECCLES) offer promising approaches to self-sufficient
food production. However, significant challenges remain, including reduced crop performance
under microgravity, high energy demands, automation reliability, food safety, and system
integration. Developing integrated food production systems will be essential for supporting
astronaut health, enabling sustainable long-duration missions, and establishing permanent
human habitats beyond Earth.

Keywords: Space food production, Controlled environment agriculture, Microgravity, 3D
food printing, Closed-loop life-support systems

Introduction Moon and Mars, making sustainable food
Space exploration is increasingly production a critical requirement rather than a
focused on long-duration missions to the logistical consideration. Unlike short-term
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missions, future expeditions beyond low Earth
orbit will require food systems capable of
providing continuous nutritional support while
reducing reliance on Earth-based resupply
(Watkins et al., 2022). As a result, space food
production has become an interdisciplinary
field that combines agriculture,
biotechnology, environmental engineering,
and life-support technologies to support
astronaut health and mission success.

Food systems for space missions must
satisfy requirements that extend well beyond
nutritional adequacy. In addition to preserving
food safety and quality during prolonged
storage, they must minimize payload mass and
volume, use limited resources efficiently, and
function reliably under microgravity. These
constraints distinguish space agriculture from
terrestrial food production and have driven the
development of resource-efficient, automated,
and closed-loop production systems (Nguyen
etal., 2023).

The evolution of space food systems
has closely followed advances in human
spaceflight. Early Mercury and Apollo
missions relied on pre-packaged foods,
including sterile purees, thermostabilized
products, and freeze-dried meals designed for
short-duration flights (Klicka & Smith, 1982).
During the Space Shuttle era, food technology
advanced with the introduction of canned
foods, rehydratable meals, and improved
packaging following the removal of onboard
refrigeration and freezer facilities (Perchonok
& Bourland, 2002).

The International Space Station (ISS)
marked an important step toward more diverse
food systems. Refrigerated and frozen foods,
rehydratable beverages, thermostabilized
meals, and limited fresh produce improved
dietary variety while maintaining nutritional
quality (Kloeris, 2000). More recently,
commercial cargo missions, particularly those
operated by SpaceX Dragon, have expanded
the supply of fresh foods to the ISS, further
improving food availability in low Earth orbit
(SpaceX, 2020). Nevertheless, these systems
still depend on regular resupply missions from
Earth and are therefore unsuitable for future
deep-space exploration.

Developing  autonomous  food
production remains one of the greatest
challenges for long-duration missions. Pre-
packaged foods gradually lose nutritional
value during extended storage and are unlikely
to meet the demands of multi-year missions
(Watkins et al., 2022). At the same time,
microgravity affects plant growth by altering
water transport, root development, and
physiological processes, making reliable crop
production in space particularly challenging
(Baba et al., 2022; Medina et al., 2021; Wang
etal., 2022).

These challenges have accelerated the
development of technologies that enable in
situ food production while recycling essential
resources. Controlled Environment
Agriculture  (CEA), automated food
production, three-dimensional (3D) food
printing, and Engineered Closed Circular
Environmental Life-Support ~ Systems
(ECCLES) are being developed to integrate
food production with environmental control,
waste recycling, and resource recovery
(Archambault et al., 2023; Nguyen et al.,
2023). In parallel, expanding the range of
biological resources beyond conventional
crops including bacteria, algae, fungi, insects,
and cultivated meat could improve nutritional
diversity while increasing the resilience and
sustainability of future space food systems.

This review examines the evolution of
food production for space exploration, from
early space food systems to emerging
technologies for long-duration missions. It
evaluates the potential of diverse biological
resources, summarizes recent advances in
plant cultivation under space conditions, and
reviews key  technologies, including
Controlled Environment Agriculture (CEA),
automated food production, 3D food printing,
and Engineered Closed Circular
Environmental Life-Support Systems
(ECCLES). Together, these developments
provide a foundation for sustainable and self-
sufficient food systems that will support future
human exploration beyond Earth.
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Evolution of Space Food Systems

Early Missions (Mercury—Apollo)

Early human space missions relied
exclusively on pre-packaged foods designed
for short-duration flights. During the Mercury
program, astronauts consumed sterile foods
packaged in aluminum tubes, including the
applesauce eaten by John Glenn during the
first U.S. crewed orbital mission (Klicka &
Smith, 1982). As missions progressed through
the Gemini, Apollo, and Skylab programs,
food systems became more sophisticated to
improve nutritional quality, storage stability,
and crew acceptance. Thermostabilized meals,
freeze-dried foods, compressed vegetables,
and improved packaging expanded menu
options while reducing storage requirements.
Apollo missions also introduced utensil-
compatible  packaging and systematic
nutritional monitoring to ensure adequate
energy and mineral intake (Klicka & Smith,
1982). Although these advances established
the foundation of modern space nutrition, all
foods continued to be prepared on Earth
before launch.

Space Shuttle and International
Space Station (ISS)

The transition to reusable spacecraft
and long-term orbital missions created new
demands for space food systems. During the
Space Shuttle era, the removal of onboard
refrigerators and freezers encouraged the
development of canned and rehydratable
foods that could maintain quality over
extended storage periods (Perchonok &
Bourland, 2002). The International Space
Station (ISS) further diversified astronauts'
diets by incorporating refrigerated and frozen
foods, thermostabilized meals, powdered
beverages, and limited fresh produce supplied
by international partners (Kloeris, 2000).
Advances in packaging, including foil
laminate pouches and rehydratable containers
with septum valves, improved food handling
under  microgravity  while  reducing
contamination risks (Kloeris, 2000; NASA,
2020). Despite these improvements, the ISS
food system remains dependent on regular
cargo resupply from Earth, limiting its

suitability for future deep-space missions
(NASA, 2009).

Current Commercial Missions
(SpaceX)

Commercial spaceflight has
significantly improved food logistics in low
Earth orbit. SpaceX Dragon spacecraft now
serve as the primary cargo vehicles for ISS
resupply, delivering ready-to-eat meals
alongside fresh foods such as fruit and cheese
to enhance dietary variety and nutritional
quality (SpaceX, 2020). More frequent and
reliable cargo missions have strengthened
food security for orbital operations. However,
this model still relies on continuous Earth-
based resupply and is therefore impractical for
future missions to the Moon and Mars. The
need for greater autonomy has driven the
development of in situ food production
technologies, including Controlled
Environment Agriculture (CEA), automated
food production, three-dimensional (3D) food
printing, and closed-loop life-support systems
designed to support sustainable human
habitation beyond Earth (Archambault et al.,
2023; Nguyen et al., 2023).

Biological Resources for Space Food
Production

Long-duration space missions require
food sources that provide balanced nutrition
while supporting life-support  functions,
efficient resource use, and environmental
sustainability. Unlike terrestrial agriculture,
food production in space must operate under
strict constraints on space, water, energy, and
resupply opportunities. For this reason,
researchers have explored a range of
biological  resources—including  plants,
microorganisms, algae, fungi, insects, and
cultivated meat—to improve the resilience
and sustainability of future space food
systems.

Plants

Plants remain the foundation of
proposed space food systems because they
provide food while simultaneously generating
oxygen and removing carbon dioxide through
photosynthesis. Seeds occupy relatively little
payload space yet supply essential dietary
fiber, vitamins, and minerals. Plant cultivation
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can also be integrated into closed-loop life-
support systems by using carbon dioxide
generated by astronauts to  sustain
photosynthesis (Nguyen et al., 2023).
However, microgravity alters water transport,
root orientation, and plant development,
making reliable crop production a major
challenge for long-duration missions (Baba et
al., 2022; Medina et al., 2021; Wang et al.,
2022).

Bacteria

Beneficial bacteria offer an alternative
approach to food production through
microbial fermentation and single-cell protein
technologies. Food-grade microorganisms,
particularly lactic acid bacteria, are widely
used to produce fermented foods with
desirable nutritional and sensory properties
while offering efficient and genetically stable
production systems (Jarvis, 2020). Hydrogen-
oxidizing bacteria have also attracted interest
because they require little land and can
produce  biomass  independently  of
conventional agriculture (Alvarado et al.,
2021). However, large-scale application will
depend on cultivation systems that ensure
consistent productivity and food safety
(Smith, 2019).

Algae

Algae are promising candidates for
space food production because they combine
several functions within a single biological
system. In addition to providing protein-rich
biomass, they generate oxygen, recycle carbon
dioxide, and may serve as biofuel feedstocks.
Their rapid growth and low demands for land
and water make them particularly suitable for
closed-loop life-support systems
(Niederwieser et al., 2018). Microalgae can be
cultivated in photobioreactors that optimize
light exposure, gas exchange, and nutrient
recycling (Detrell, 2024). Nevertheless,
maintaining stable production under space
conditions requires sophisticated
environmental ~ control, and  further
technological development is needed before
routine deployment (Deuri et al., 2024).

Fungi

Fungi provide a complementary food
source that requires less space than

conventional crops and does not rely on
photosynthesis. Instead, fungal biomass is
produced through heterotrophic metabolism,
allowing cultivation under limited light
conditions (Cortesdo et al., 2020). Their ability
to convert organic waste into edible biomass
also makes them well suited for resource
recycling within closed habitats (Lucht &
Broussard, 2025; Parshall, 2023). Although
fungi can enhance the efficiency of integrated
food systems, they are more likely to
complement than replace other food sources.

Insects

Edible insects have gained attention as
an efficient source of dietary protein because
they require less land and water than
conventional livestock while converting feed
into biomass efficiently. Species such as
mealworms, silkworms, and fly larvae also
provide essential vitamins and minerals and
can recycle inedible plant material and organic
waste (Dufour, 1981; Kok & van Huis, 2021).
Their inclusion in closed-loop food systems
could improve both nutritional sustainability
and waste management. However, cultural
acceptance, food processing, and consumer
perception  remain  important  barriers,
particularly for multinational astronaut crews
(Jansson & Berggren, 2015).

Cultivated Meat

Cultivated meat offers a potential
source of animal protein without the need for
conventional livestock production. Animal
cells grown in controlled bioreactors could
provide high-quality protein while reducing
the environmental costs associated with
traditional meat production (European Space
Agency [ESA], 2023). Early experiments
aboard the International Space Station have
demonstrated the feasibility of producing
cultured  meat under  microgravity,
highlighting its potential for future planetary
habitats (Reiss et al., 2021). However, major
technical challenges remain, particularly the
development of energy-efficient bioreactors
capable of supporting continuous large-scale
production in space.

Taken together, these biological
resources perform complementary rather than
competing roles. Plants are central to food
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production and atmospheric regeneration,
while microorganisms and algae support
nutrient recycling and oxygen production.
Fungi and insects offer resource-efficient
protein sources, and cultivated meat could
further diversify astronaut diets. Integrating
these biological systems within closed-loop
life-support systems is likely to provide the
most resilient and sustainable approach to
food production for future long-duration space
missions.

Plant Cultivation in Space

Plant cultivation is central to
sustainable space food production because
crops can provide food, generate oxygen,
recycle carbon dioxide, and support closed-
loop life-support systems. Unlike stored food
supplies, crop production offers a renewable
source of nutrients and contributes to
environmental control within spacecraft and
extraterrestrial habitats. However, reliable
cultivation in space requires systems that can
function under  microgravity, limited
resources, and tightly controlled
environmental conditions.

Candidate Crops

Crop selection for space agriculture
depends on nutritional value, growth
efficiency, and adaptability to controlled
environments. Wheat (Triticum aestivum) has
been widely studied because of its high
nutritional value and ability to complete a
“seed-to-seed” life cycle under spaceflight
conditions using the Svetoblock-M growth
system aboard the Mir Space Station, although
microgravity affects water distribution and
root development (Mashinsky et al., 1994).
Pea (Pisum sativum) is also promising
because of its rapid growth and nutritional
quality, but root orientation and growth rate
remain affected by the absence of gravity even
under controlled ISS conditions (Spencer et
al., 2023). Tomato (Lycopersicon esculentum)
has shown potential for space cultivation,
particularly when supported by beneficial
fungi such as Trichoderma harzianum,
although careful management of water and
nutrient supply is still required (Dasilva, 2024;
Land et al., 2024). Overall, these findings
suggest that several crops can be grown in

space, but cultivation strategies must be
adapted to species-specific physiological
responses.

Hydroponics and Aeroponics

As  soil-based  agriculture is
impractical in space, soilless systems have
become the main approach for controlled crop
production. Hydroponics delivers nutrients
through aqueous solutions, allowing efficient
cultivation while reducing water use and
eliminating the need for soil. Crops such as
lettuce, radish, and green onion have shown
compatibility with hydroponic systems (U.S.
Department of Agriculture, 2024). Aeroponics
further improves resource efficiency by
supplying nutrients as fine aerosols directly to
plant roots, thereby minimizing water
consumption while maintaining nutrient
availability. Together, hydroponic and
aeroponic systems offer controlled production
environments suited to spacecraft and
extraterrestrial ~ habitats, where  water
conservation and environmental regulation are
essential.

Aguaponics

Aquaponics combines plant
cultivation with aquaculture in a symbiotic
system: fish waste provides nutrients for
plants, while plants help purify the water. This
approach improves resource recycling and
reduces the need for external nutrient inputs,
making it relevant for long-duration missions
under closed-loop conditions. Experimental
applications suggest that aquaponic systems
can support crops such as tomatoes, herbs, and
cabbage in space-relevant environments
(Bowman, 2023; Go Green Aquaponics,
2026). However, aquaponics is more
operationally complex than hydroponics
because both plant and aquatic components
must remain biologically balanced.

Effects of Microgravity on Plant
Growth

Microgravity remains a major
biological constraint for space agriculture.
Reduced gravity disrupts environmental cues
that guide normal plant development, altering
root orientation, water movement, and overall
plant architecture. At the cellular level,
microgravity can trigger physiological and
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molecular responses, including changes in
gene expression related to cell wall formation,
oxidative stress, autophagy, and defense
mechanisms (Baba et al., 2022; Medina et al.,
2021). These changes may reduce plant
productivity and affect long-term crop
performance under extraterrestrial conditions.
Even so, current evidence indicates that many
crops retain adaptive capacity when grown
under carefully controlled environments.
Further optimization of environmental control
systems and cultivation techniques will
therefore be necessary to achieve reliable crop
production for future lunar and Martian
missions (Wang et al., 2022).

Overall, sustainable space agriculture
will depend on matching suitable crop species
with advanced soilless cultivation systems that
can maintain stable production under
microgravity. The integration of hydroponic,
aeroponic, or aquaponic technologies with
precise environmental control represents an
important step toward self-sufficient food
production for long-duration human space
exploration.

Advanced Food Production Technologies

Future deep-space missions will
require food production systems that can
operate with minimal reliance on Earth while
making efficient use of limited water, energy,
and space. As a result, research has shifted
beyond conventional food preservation
toward integrated systems that combine
controlled agriculture, automation, additive
manufacturing, and closed-loop resource
recycling. Together, these technologies have
the potential to improve food security, reduce
crew workload, and support sustainable long-
duration space exploration.

Controlled
Agriculture (CEA)

Controlled Environment Agriculture
(CEA) enables crop production by precisely
regulating temperature, humidity, light
intensity, and nutrient delivery (Archambault
et al., 2023). By combining hydroponic
cultivation with automated environmental
control, CEA improves production efficiency
while reducing water consumption. NASA's
Controlled Ecological Life Support System

Environment

(CELSS) program also laid the foundation for
technologies such as LED lighting and vertical
farming, which are now widely used in
controlled agriculture  (Wheeler, 2017).
Despite these advantages, CEA remains
energy intensive, particularly because of its
dependence on artificial lighting and
continuous  environmental regulation,
highlighting the need for more energy-
efficient systems before deployment in long-
duration missions.

Automated Food Production

Automation is expected to play a
central role in future space food systems by
reducing crew workload and improving
operational reliability. Robotic platforms
capable of planting, irrigating, harvesting, and
monitoring crop health can maintain
continuous food production with minimal
astronaut intervention (Paape et al., 2024). In
food  processing, Microwave-Assisted
Thermal Sterilization (MATS) enhances the
safety and quality of ready-to-eat meals
compared with  conventional  thermal
processing, although prolonged storage can
still affect texture and flavour (Ross et al.,
2023). Highly autonomous production
systems will be particularly important for
Mars missions, where communication delays
and limited human resources demand reliable,
self-sustaining operations (Badajoz et al.,
2023).

Three-Dimensional (3D) Food
Printing

Three-dimensional (3D) food printing
offers a flexible approach to producing
customized meals from powdered or
cartridge-based ingredients. Preparing food on
demand reduces storage volume, extends
ingredient shelf life, and allows nutritional
composition to be tailored to astronauts'
physiological needs (Gaskill, 2019). Additive
manufacturing also supports broader space
operations by enabling in situ fabrication of
tools and replacement parts, reducing
dependence on Earth-based resupply (Ellery,
2024). Although 3D printing shows
considerable promise, routine application will
require reliable ingredient storage systems and
further technological refinement.

Wi 6 : MINTINeIansuazinalulad an1dugaufnuiiensuuiasemelng



Engineered  Closed  Circular
Environmental  Life-Support  Systems

(ECCLES)
Engineered Closed Circular
Environmental Life-Support ~ Systems

(ECCLES) provide a framework for
integrating food production with air
regeneration, water purification, and waste
recycling into a single ecosystem. By linking
human metabolism, plant cultivation, and
biological waste treatment, ECCLES aims to
minimize external resource requirements
while maintaining long-term habitability
(Gitelson & Lisovsky, 2008). Previous
studies have demonstrated the feasibility of
growing crops such as wheat, lettuce,
soybeans, and potatoes within closed
ecological systems, illustrating the potential of
biological recycling for future extraterrestrial
habitats  (Macelroy, 1992). However,
maintaining biological stability and balancing
interconnected ecological processes remain
major engineering challenges.  Further
improvements in system integration and
operational reliability will be essential before
fully autonomous life-support systems can
support extended missions to the Moon and
Mars.

Rather ~ than  functioning  as
independent technologies, these approaches
are most effective when integrated into a
single food production system. CEA provides
the cultivation platform, automation improves
operational efficiency, 3D food printing
enables flexible meal preparation, and
ECCLES closes resource loops through
recycling and environmental management.
Their integration offers a practical pathway
toward self-sufficient food systems capable of
supporting long-duration human exploration
beyond Earth.

Comparative Analysis

No single biological resource or
production technology can meet all the
nutritional, environmental, and operational
demands of long-duration space missions.
Instead, sustainable food production will
depend on integrating complementary
biological ~ resources  with  advanced
production technologies, each contributing

distinct advantages while addressing different
aspects of food security and life-support.

Strengths

Among the biological resources
reviewed, plants remain the cornerstone of
space food systems because they provide food
while simultaneously supporting oxygen
production and carbon dioxide removal. Algae
further improve system sustainability through
rapid biomass production, oxygen generation,
and nutrient recycling, whereas fungi, insects,
and cultivated meat offer alternative protein
sources with lower resource requirements than
conventional livestock (Niederwieser et al.,
2018; Cortesdo et al., 2020; Kok & van Huis,
2021; Reiss et al., 2021). These biological
resources are complemented by technological
advances. Controlled Environment
Agriculture (CEA) enables reliable crop
production under tightly regulated conditions,
automation improves operational efficiency
and reduces crew workload, 3D food printing
supports personalized nutrition with efficient
ingredient storage, and Engineered Closed
Circular Environmental Life-Support Systems
(ECCLES) integrate food production with
water, air, and nutrient recycling to enhance
long-term sustainability (Archambault et al.,
2023; Ross et al., 2023; Gaskill, 2019; Nguyen
etal., 2023).

Limitations

Despite substantial progress, none of
these approaches can independently support
autonomous food production beyond Earth.
Plant cultivation remains limited by the effects
of microgravity on root development, water
transport, and overall plant growth (Baba et
al., 2022; Medina et al., 2021; Wang et al.,
2022). CEA requires considerable energy to
maintain artificial lighting and environmental
control, while automated systems depend on
reliable robotics and continuous monitoring
(Archambault et al., 2023; Badajoz et al.,
2023). Similarly, algae, fungi, insects, and
cultivated meat still require improvements in
cultivation efficiency, processing
technologies, and resource utilization before
large-scale application becomes feasible
(Detrell, 2024; Lucht & Broussard, 2025;
ESA, 2023). These limitations indicate that
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current technologies should be viewed as
complementary components rather than
standalone solutions.

Relative Technology Readiness

The technologies reviewed differ
considerably in their level of maturity.
Conventional packaged foods,
thermostabilized meals, and ISS food systems
are well-established technologies that have
supported human spaceflight for decades
(Kloeris, 2000; NASA, 2009; NASA, 2020).
Plant cultivation has progressed beyond
laboratory research, with several crop species
successfully  grown under  spaceflight
conditions, demonstrating increasing potential
for future food production (Mashinsky et al.,
1994; Spencer et al., 2023; Dasilva, 2024). In
contrast, automated food production, 3D food
printing, cultivated meat, and fully integrated
ECCLES remain at the experimental or
prototype stage. Although early results are
encouraging, these technologies require
further validation under the conditions
expected during long-duration missions
before operational deployment (Ellery, 2024;
Reiss et al., 2021; Nguyen et al., 2023).

Remaining Research Gaps

Several challenges must be addressed
before self-sufficient food production can
support deep-space exploration.  Future
research should improve crop productivity
under microgravity, reduce the energy
requirements of controlled cultivation
systems, increase the reliability of automated
production, and strengthen the integration of
biological production with closed-loop
resource recycling. Further work is also
needed to optimize the cultivation of algae,
fungi, insects, and cultivated meat while
ensuring food safety, nutritional quality, and
long-term  system  stability. Ultimately,
sustainable space food production will depend
on integrating complementary biological
resources with advanced technologies into a
resilient life-support system capable of
supporting continuous human habitation
beyond Earth (Nguyen et al., 2023).
Future Directions

Achieving autonomous food
production remains essential for sustained

human exploration of the Moon, Mars, and
beyond. Future research should focus on
integrating biological resources with advanced
production technologies into unified life-
support systems rather than optimizing
individual components in isolation. Controlled
Environment Agriculture (CEA), automated
cultivation, additive manufacturing, and
Engineered Closed Circular Environmental
Life-Support Systems (ECCLES) should be
developed as interoperable platforms capable
of producing food, recycling resources, and
maintaining environmental stability within a
single system (Archambault et al., 2023;
Nguyen et al., 2023).

Improving crop performance under
microgravity remains a key research priority.
Further studies are needed to better understand
plant adaptation to reduced gravity, optimize
environmental control strategies, and develop
cultivation ~ systems  that  maximize
productivity while reducing water and energy
consumption (Baba et al., 2022; Medina et al.,
2021). Alternative biological resources,
including algae, fungi, insects, and cultivated
meat, also require further evaluation to
improve production efficiency, nutritional
quality, food safety, and compatibility with
closed-loop ecosystems before routine
application in space habitats.

Advances in automation and digital
technologies are expected to further strengthen
space food production.  Autonomous
monitoring, robotic crop management, and
intelligent process control could reduce crew
workload while improving system reliability
during long-duration missions (Badajoz et al.,
2023). Future space food systems should
therefore be designed as integrated
ecosystems that balance productivity, resource
efficiency, and operational reliability while
supporting  both  the  physical and
psychological well-being of astronauts.

Conclusion

Sustainable food production will be a
cornerstone of future long-duration space
exploration. The evolution of space food
systems reflects a gradual shift from
dependence on pre-packaged foods toward
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integrated production systems capable of
generating fresh food while recycling essential
resources. This review highlights the
complementary roles of biological resources
including plants, microorganisms, algae,
fungi, insects, and cultivated meat and
emerging technologies such as Controlled
Environment Agriculture, automated food
production, three-dimensional food printing,
and Engineered Closed Circular
Environmental Life-Support Systems in
supporting self-sufficient space habitats.
Although significant progress has
been made, no single biological resource or

sustainable food production will depend on
integrating complementary biological systems
with advanced technologies within resilient
closed-loop  life-support  systems  that
maximize resource efficiency and long-term
stability (Nguyen et al., 2023). Continued
advances in  controlled  agriculture,
automation, biological engineering, and
resource recycling will be critical for enabling
continuous human habitation beyond Earth.
At the same time, many of these innovations
have the potential to improve controlled-
environment agriculture, circular resource
management, and sustainable food production

technology can meet the nutritional, on Earth.
environmental, and operational demands of

future lunar and Martian missions. Instead,
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ABSTRACT

Candida auris has emerged as a major global health threat due to its multidrug resistance,
environmental persistence, diagnostic complexity, and propensity for healthcare-associated
transmission. This review aimed to synthesize current evidence on the biology, antifungal
resistance mechanisms, clinical significance, and emerging epidemiology of Candida auris, with
particular emphasis on its implications for healthcare systems and the evolving situation in
Thailand. A narrative review of published literature and relevant evidence from global studies and
available reports from Thailand was conducted. The reviewed evidence indicates that the
emergence of C. auris is driven by the convergence of environmental resilience, biofilm formation,
genomic adaptability, and multidrug resistance. High levels of resistance to fluconazole and
increasing resistance to amphotericin B and echinocandins substantially limit therapeutic options.
The pathogen’s ability to persist on healthcare surfaces and colonize human skin facilitates
sustained nosocomial transmission and recurrent outbreaks. Recent genomic studies have
identified multiple resistance-associated mutations, although the clinical significance of several
emerging variants remains uncertain. In Thailand, the detection of antifungal-resistant strains and
the limited availability of advanced diagnostic capacity highlight important challenges for
surveillance, laboratory identification, and infection prevention. Effective control of C. auris
requires an integrated approach combining rapid diagnostics, antifungal stewardship, genomic
surveillance, and rigorous infection-prevention measures.

Keywords: Candida auris, Antifungal resistance, Healthcare-associated infections, Genomic
surveillance, Infection prevention and control

Introduction
Fungal infections are increasingly

to a growing burden of opportunistic fungal
diseases in healthcare settings (Kullberg &

recognized as a major global health challenge,
particularly among immunocompromised
individuals and critically ill patients. The
expanding use of Immunosuppressive
therapies, invasive medical procedures, and
broad-spectrum antimicrobials has contributed

Arendrup, 2015; Oladele et al., 2017). Among
emerging fungal pathogens, Candida auris has
attracted substantial international concern
because of its multidrug resistance, high
mortality,  propensity  for  nosocomial
transmission, and ability to cause large-scale
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healthcare-associated outbreaks (Chowdhary et
al., 2017; Forsberg et al., 2019).

Since its first description in Japan in
2009, C. auris has been reported across
multiple continents and has emerged
independently in several genetically distinct
clades (Lockhart et al., 2016; Rhodes & Fisher,
2019). Unlike most Candida species, C. auris
exhibits remarkable environmental persistence,
surviving on healthcare surfaces for prolonged
periods and tolerating commonly used
disinfectants, thereby facilitating sustained
transmission within hospitals (Welsh et al.,
2017). Furthermore, widespread resistance to
fluconazole, variable resistance to
amphotericin B, and the emergence of
echinocandin-resistant isolates have
substantially limited therapeutic options and
complicated clinical management (Chowdhary
etal., 2017; Lamoth et al., 2018).

The clinical significance of C. auris
extends beyond antifungal resistance. Invasive
infections,  particularly  candidemia, are
associated with considerable morbidity and
mortality, especially among patients requiring
intensive care, central venous catheters, or
prolonged hospitalization (Forsberg et al.,
2019). These biological and clinical
characteristics have led the World Health
Organization to classify C. auris as a “critical
priority fungal pathogen,” highlighting the
urgent need for improved surveillance,
diagnostic capacity, infection prevention, and
therapeutic  development (World Health
Organization, 2022).

In Thailand, the emergence of C. auris
has raised concerns regarding laboratory
detection, antifungal resistance surveillance,
and infection control preparedness. Accurate
identification remains challenging because
conventional  phenotypic methods may
misidentify C. auris as closely related species,
including Candida haemulonii, emphasizing
the need for advanced diagnostic approaches
such as matrix-assisted laser
desorption/ionization  time-of-flight  mass

spectrometry  (MALDI-TOF MS) and
molecular techniques (Chowdhary et al., 2017).
Although published epidemiological data from
Thailand remain limited, the detection of C.
auris in Thai healthcare settings underscores
the importance of strengthening surveillance
systems and preparedness strategies to prevent
further dissemination.

This review summarizes current
evidence on the biology, pathogenicity,
antifungal resistance, and clinical significance
of Candida auris, with particular emphasis on
its implications for healthcare systems and the
emerging situation in Thailand.

The Biology and Antifungal Resistance of
Candida auris

Candida auris (Fig. 1) is an emerging
multidrug-resistant yeast that exhibits several
biological characteristics distinguishing it from
other clinically important Candida species.
Since its first description in 2009, the pathogen
has attracted considerable attention because of
its remarkable ability to persist in healthcare
environments, colonize human skin, and
rapidly —acquire resistance to multiple
antifungal agents (Du et al., 2020; Kim et al.,
2024). Unlike Candida albicans, which
primarily colonizes mucosal surfaces, C. auris
demonstrates a pronounced affinity for skin
colonization, facilitating  patient-to-patient
transmission ~ and  healthcare-associated
outbreaks (Du et al., 2020).
Morphology and
Adaptation

Microscopically, C. auris appears as
oval to elongated budding yeast cells that occur
either singly or in aggregates. Colonies are
typically smooth, white to cream-colored on
conventional fungal media, although colony
morphology may vary under different
environmental conditions (Satoh et al., 2009;
Forsberg et al., 2019). Diagnostic identification
remains challenging because conventional
biochemical systems frequently misidentify C.
auris as members of the Candida haemulonii

Environmental
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complex, highlighting the importance of
matrix-assisted laser desorption ionization—
time of flight mass spectrometry (MALDI-
TOF MS) or molecular methods for accurate
detection (Lockhart et al., 2017; Ahmad &
Alfouzan, 2021).

A defining feature of C. auris is its
exceptional tolerance to environmental stress.
Unlike most fungal pathogens, it can grow at
temperatures exceeding 40°C and survive in
environments containing high salt
concentrations (>10% NacCl), properties that
are rarely observed among closely related
species (Du et al., 2020; Kim et al., 2024).
These adaptations are believed to contribute to
its prolonged survival on human skin, medical
devices, and hospital surfaces, thereby
facilitating nosocomial transmission. The
ability of C. auris to tolerate thermal and
osmotic stress has also been cited as evidence
supporting the hypothesis that environmental
adaptation may have contributed to its recent
emergence as a human pathogen (Ahmad &
Alfouzan, 2021).

Phenotypic Plasticity and Virulence

Although C. auris lacks the robust
yeast-to-hypha transition characteristic of C.
albicans, it retains substantial phenotypic
plasticity. Under conditions of genotoxic stress,
elevated salinity, or heat stress, some isolates
develop elongated or pseudohyphal-like
morphologies (Kim et al., 2024). Emerging
evidence suggests that these morphological
transitions may contribute to environmental
adaptation rather than serving as direct
virulence determinants.

Biofilm formation represents one of the
most clinically relevant virulence traits of C.
auris. Unlike C. albicans, whose biofilms
contain extensive hyphal networks, C. auris
biofilms are predominantly composed of
densely packed yeast cells embedded within an
extracellular matrix (Kim et al., 2024; Ahmad
& Alfouzan, 2021). Biofilm-associated cells
exhibit substantially reduced susceptibility to
antifungal  agents and  disinfectants,

contributing to persistent environmental
contamination and recurrent healthcare-
associated  outbreaks.  Several  adhesin-
associated genes, including IFF4, CSAL,
PGA26, PGA52, and HYR3, are upregulated
during biofilm development, suggesting an
important role in colonization and persistence.
Genetic Diversity and Population Structure

Whole-genome  sequencing  has
revealed substantial genetic diversity within the
species and identified five  major
phylogeographic clades: South Asian (Clade 1),
East Asian (Clade II), African (Clade IlII),
South American (Clade 1V), and a recently
described Iranian clade (Clade V) (Du et al.,
2020; Kim et al., 2024). The near-simultaneous
emergence of genetically distinct clades across
multiple continents suggests that the global
spread of C. auris cannot be explained solely
by dissemination from a single ancestral source
(Du et al., 2020).

The species possesses conserved
mating-type loci, although population genomic
studies indicate that clonal expansion remains
the dominant mode of transmission.
Nevertheless, the coexistence of different
mating types and increasing global circulation
of strains raise the possibility of future genetic
recombination events that could facilitate
adaptive evolution (Du et al., 2020).
Biological Basis of Persistence and Clinical
Relevance

The success of C. auris as a healthcare-
associated pathogen appears to result from the
convergence of several biological attributes,
including thermotolerance, osmotolerance,
biofilm formation, prolonged environmental
persistence, and genomic adaptability. Unlike
many fungal pathogens that are primarily
opportunistic colonizers of mucosal surfaces,
C. auris is uniquely adapted for survival in
healthcare environments, where it can persist
on surfaces and medical equipment for
prolonged periods and spread efficiently
between wvulnerable patients (Ahmad &
Alfouzan, 2021; Kim et al., 2024). These
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biological characteristics not only explain the
increasing frequency of healthcare-associated
outbreaks but also complicate infection control
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efforts and contribute to the growing global
public health threat posed by this pathogen.
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Figure Candida auris (Wellmgton & Price, 2023)

Infections and Emergence of Candida auris
in Thailand

The emergence of Candida auris in
Thailand reflects the broader global expansion
of this multidrug-resistant pathogen and
presents significant challenges for clinical
management and infection prevention.
Although C. auris was first identified in Japan
in 2009 (Satoh et al., 2009), subsequent reports
have documented its rapid dissemination
across Asia, Europe, Africa, and the Americas,
largely driven by healthcare-associated
transmission  (Chowdhary et al., 2017
Lockhart et al., 2017). The detection of C. auris
in Thai healthcare facilities confirms that
Thailand has become part of this expanding
epidemiological landscape and highlights the
need for strengthened surveillance and
diagnostic capacity.

A major concern associated with C.
auris is its ability to persist within healthcare
environments. Unlike many other Candida
species, C. auris can survive for prolonged
periods on hospital surfaces and medical
equipment and exhibits reduced susceptibility
to several commonly used disinfectants (Welsh

et al, 2017; Kean et al, 2018). These
characteristics facilitate nosocomial
transmission through contaminated

environments, healthcare workers, and shared
medical devices, contributing to healthcare-
associated outbreaks reported worldwide
(Chowdhary et al., 2017). Consequently, the
introduction of C. auris into Thai hospitals
raises  concerns  regarding  sustained
institutional transmission, particularly in high-
dependency units where vulnerable patients are
concentrated.

Clinical manifestations reported in
Thailand are broadly consistent  with
international observations. Invasive
bloodstream infection remains the most
frequently reported and clinically significant
presentation, particularly among critically ill
patients, individuals with prolonged intensive
care unit stays, central venous catheterization,
broad-spectrum  antibiotic  exposure, or
underlying immunosuppressive  conditions
(Lockhart et al., 2017; Chakrabarti & Sood,
2021). The substantial mortality associated
with C. auris infection is often attributable not
only to fungal virulence but also to delays in
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diagnosis, severe underlying comorbidities,
and limited therapeutic options resulting from
multidrug resistance (Rudramurthy et al.,
2017; Chakrabarti & Sood, 2021).

Recent genomic investigations of
Thai clinical isolates have provided
important insights into local resistance
mechanisms. Whole-genome sequencing of
C. auris strains isolated in Bangkok
confirmed the presence of the well-
established ERG11 Y132F mutation among
fluconazole-resistant isolates and identified
additional candidate mutations potentially
associated with echinocandin resistance,
including alterations in CDC10, BLM3, and
fungal-specific Zn(11)2-Cys6 transcription
factor-related genes (Opassathian et al.,
2025). Notably, a novel FKS1 11361T
substitution was identified in a caspofungin-
resistant isolate, suggesting that resistance
mechanisms in Thai strains may extend
beyond the classical FKS1 hotspot mutations
reported  previously. These  findings
emphasize the ongoing evolution of
antifungal resistance and highlight the
importance of genomic surveillance in
monitoring emerging resistance
determinants.

The public health implications of C.
auris extend beyond individual patient
outcomes. Healthcare-associated outbreaks
require extensive infection-control measures,
including patient isolation, environmental
decontamination, contact tracing, and
enhanced laboratory screening, all of which
increase healthcare resource utilization.

Furthermore, the frequent occurrence of
resistance to first-line antifungal agents
complicates treatment decisions and may
necessitate the use of broader-spectrum or
more toxic alternatives. Consequently, C.
auris represents both a clinical and economic
burden for healthcare systems, particularly in
resource-constrained settings.

In response to these challenges, Thai
healthcare institutions have increasingly
adopted enhanced surveillance strategies,
environmental monitoring programs, and
advanced diagnostic technologies such as
matrix-assisted laser desorption ionization—
time of flight mass spectrometry (MALDI-
TOF MS) and molecular identification
methods. Early and accurate detection is
particularly important because conventional
biochemical systems frequently misidentify
C. auris, potentially delaying implementation
of appropriate infection-control interventions
(Lockhart et al., 2017; Ahmad & Alfouzan,
2021).

Overall, the emergence of C. auris in
Thailand illustrates the convergence of
multidrug resistance, environmental
persistence, and  healthcare-associated
transmission. Current evidence suggests that
sustained  investment in  diagnostic
infrastructure, genomic surveillance,
antifungal  stewardship, and infection-
prevention programs will be essential to limit
the establishment and further dissemination
of this pathogen within Thai healthcare
settings.
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Figure 2 Relationship between Candida auris and closely related species within the Candida
haemulonii complex (Ramos et al., 2020).

Discussion

This review examined the biological
characteristics, antifungal resistance
mechanisms, clinical significance, and
emerging epidemiology of Candida auris,
with  particular  consideration  of its
implications for Thailand. Collectively, the
evidence indicates that the global success of
C. auris is not attributable to a single
virulence trait but rather to the convergence
of environmental resilience, multidrug
resistance, efficient healthcare-associated
transmission, and remarkable genomic
adaptability. These interconnected
characteristics distinguish C. auris from most
other clinically important Candida species
and help explain its rapid emergence as a
major global public health concern.

A central finding of the reviewed
literature is that the epidemiological
expansion of C. auris appears to be closely
linked to its unique ecological and biological
adaptations. Unlike Candida albicans, which
is primarily associated with endogenous
colonization and opportunistic infection, C.
auris demonstrates an unusual capacity to

persist on human skin, medical devices, and
healthcare surfaces for prolonged periods
(Kimetal., 2024; Ahmad & Alfouzan, 2021).
This environmental persistence likely
contributes  to  sustained  nosocomial
transmission and recurrent  outbreaks.
Although observational studies consistently
demonstrate associations between
environmental contamination and healthcare-
associated spread, the relative contribution of
specific transmission pathways remains
incompletely understood. Consequently,
current infection-control recommendations
are largely derived from epidemiological
investigations rather than direct experimental
evidence, highlighting an  important
limitation of the existing literature.

The review further demonstrates that
antifungal resistance represents one of the
defining characteristics of C. auris. Across
geographic regions, resistance to fluconazole
is highly prevalent, while resistance to
amphotericin B and echinocandins has
increasingly been reported (Chowdhary etal.,
2023; Kim et al., 2024). Recent genomic
studies suggest that resistance is mediated
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through  multiple  molecular  pathways
involving ERG11, TACI1B, FKS1, efflux
pump regulation, and biofilm-associated
mechanisms. However, much of the current
evidence  originates  from  genomic
association studies and in vitro susceptibility
testing. Although these approaches have
identified plausible resistance determinants,
relatively few studies have experimentally
validated the functional consequences of
newly identified mutations. Consequently,
caution is warranted when inferring causality
between specific genetic alterations and
clinical treatment failure. The growing
complexity of resistance mechanisms
suggests that reliance on a limited number of
antifungal classes may become increasingly
unsustainable, reinforcing the need for
continued therapeutic innovation.

Another important observation is the
growing recognition that C. auris
pathogenicity cannot be fully explained by
conventional virulence paradigms developed
for C. albicans. Experimental studies have
demonstrated comparatively modest
filamentation yet substantial capacity for
biofilm formation, environmental
persistence, and immune evasion. This
finding suggests that adaptation to healthcare
environments may be as important as
classical host-invasive virulence factors in
determining the clinical success of the
organism. However, much of the mechanistic
evidence regarding virulence originates from
laboratory investigations, animal models, and
transcriptomic analyses. While these studies
provide valuable biological insights, their
direct translation to human disease remains
uncertain. Additional longitudinal clinical
studies are needed to clarify how specific
virulence traits influence colonization,
transmission, and patient outcomes in real-
world healthcare settings.

The emergence of C. auris in
Thailand should be interpreted within this
broader global context. Current evidence

confirms the presence of genetically diverse
and antifungal-resistant strains within Thai
healthcare facilities, including isolates
harboring established resistance-associated
mutations such as ERG11 Y132F and
potentially novel mutations affecting
echinocandin susceptibility. Nevertheless,
the available Thai literature remains limited
compared with evidence from South Asia,
Europe, and North America. Most published
reports are derived from case studies,
laboratory investigations, or small-scale
genomic analyses, restricting the ability to
estimate national disease burden,
transmission dynamics, and long-term
epidemiological trends. Consequently, the
true prevalence of C. auris in Thailand may
be underestimated, particularly in healthcare
facilities lacking access to advanced
diagnostic methods such as MALDI-TOF
MS or molecular identification platforms.

Several limitations of the current
evidence base should be acknowledged. First,
substantial  heterogeneity exists across
studies with respect to diagnostic methods,
antifungal susceptibility testing protocols,
and outbreak investigation strategies,
complicating direct comparison between
regions. Second, much of the literature is
observational, limiting causal inference
regarding transmission pathways,
environmental reservoirs, and determinants
of adverse clinical outcomes. Third,
publication bias may favor reporting of large
outbreaks, unusual resistance phenotypes, or
severe infections, potentially overestimating
the perceived threat in some settings. Finally,
important gaps remain regarding
environmental ecology, community
reservoirs, host-pathogen interactions, and
the long-term evolutionary consequences of
antifungal selection pressure.

These limitations highlight several
priorities for future research. Greater
emphasis should be placed on prospective
multicenter surveillance studies capable of
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generating robust epidemiological data
across diverse healthcare settings. Whole-
genome sequencing integrated with clinical
and environmental sampling may improve
understanding of transmission networks and
resistance evolution. Further investigation of
environmental reservoirs, including
wastewater and healthcare infrastructure,
may clarify potential sources of emergence
and dissemination. Equally important is the
development of novel antifungal agents
targeting pathways distinct from those
affected by existing drug classes, as well as
studies evaluating combination therapies and
immunomodulatory  approaches  against
multidrug-resistant strains. In Thailand and
other Southeast Asian countries, regional
genomic  surveillance  networks and
harmonized  reporting  systems  could
facilitate earlier detection of emerging
resistance patterns and strengthen outbreak
preparedness.

From a clinical and public health
perspective, the findings of this review
suggest that effective control of C. auris will
require an integrated strategy combining
rapid diagnostics, antifungal stewardship,
genomic surveillance, and rigorous infection-
prevention measures. The pathogen's success
appears to arise from the interaction between
biological adaptability and healthcare-
associated transmission opportunities rather
than from any single pathogenic mechanism.
Consequently, interventions targeting only
antifungal treatment are unlikely to be
sufficient. Sustained investment in laboratory
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ABSTRACT

Diabetes mellitus (DM) is a major and growing global health challenge driven by
urbanization, population aging, and lifestyle changes. This study was conducted as a narrative
review, synthesizing evidence from major databases and clinical guidelines. A narrative review
was conducted using major scientific databases and clinical guidelines. Findings indicate a shift
toward predictive, personalized, and technology enabled care, including advances in
pharmacological therapies and digital health tools. In Thailand. challenges such as
underdiagnosis and unequal access to care highlight the need for strengthened health system
integration and improved early detection strategies.

Keywords: Diabetes mellitus, Epidemiology, Pathophysiology, Digital health, Therapeutic
advances, Thailand

Introduction

Diabetes mellitus (DM) has
emerged as one of the most significant
global health challenges of the 21st century,
with a rapidly increasing prevalence driven
by  urbanization, population aging,
sedentary  lifestyles, and  widening
socioeconomic disparities (Zimmet et al.,
2016). Beyond its growing incidence,
diabetes imposes a substantial burden of
premature  mortality, disability, and
escalating healthcare costs through its
strong association with cardiovascular
disease, chronic ~ kidney  disease,
neuropathy, retinopathy, and cognitive
decline (Fowler, 2008; Beckman et al.,
2002; Biessels & Despa, 2018). In
Thailand, this burden is further intensified

by a rising prevalence of young-onset type
2 diabetes, demographic aging, and
limitations within fragmented chronic-care
delivery systems that must simultaneously
accommodate  expanding  therapeutic
innovations and constrained healthcare
resources (Aekplakorn et al., 2019;
Dejkhamron et al., 2022; Atun et al., 2017).
These challenges highlight the need for
context-specific  strategies that align
scientific advances with the realities of
national health systems.

Recent scientific developments
have redefined diabetes as a complex,
multisystem disorder rather than a
condition  solely  characterized by
hyperglycemia. Type 2 diabetes is now
understood to involve the interplay of
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insulin  resistance, progressive B-cell
dysfunction, chronic inflammation, and
oxidative stress (DeFronzo et al., 2015;
Donath & Shoelson, 2011; Kahn et al.,
2014), whereas type 1 diabetes is
increasingly conceptualized as a staged
autoimmune  disease  that  allows
opportunities for early detection and
intervention (Insel et al., 2015). Therapeutic
paradigms have evolved beyond glycemic
control alone, with sodium-glucose
cotransporter 2 (SGLT2) inhibitors and
glucagon-like peptide-1 (GLP-1) receptor
agonists demonstrating significant
cardiovascular and renal protective effects
(Zinman et al., 2015; Marso et al., 2016). In
parallel, technological innovations such as
continuous glucose monitoring (CGM)
have shifted clinical emphasis toward
dynamic metrics such as time in range,
enhancing real-time disease management
(Battelino et al., 2019). Emerging therapies
including immunomodulatory approaches
such as anti-CD3 agents (Herold et al.,
2019), regenerative stem-cell strategies
(Pagliuca et al., 2014), and microbiome-
targeted interventions (Gurung et al., 2020;
Lynch & Pedersen, 2016) further reflect a
transition toward predictive, personalized,
and technology-enabled care.

Despite these advances, substantial
gaps remain in translating innovation into
effective, equitable, and scalable healthcare
delivery. A significant proportion of
individuals ~ with  diabetes  remain
undiagnosed or inadequately treated,
particularly in resource-constrained settings
(Zimmet et al., 2016). In Thailand,
disparities in access to advanced
pharmacological  therapies, diagnostic
tools, and digital health technologies
persist, while healthcare systems remain
insufficiently integrated to support the
continuous, multidisciplinary nature of
diabetes management (Atun et al., 2017).
Moreover, psychosocial  determinants
including diabetes-related distress and
depression are increasingly recognized as
critical ~ factors  influencing  clinical
outcomes but remain under-integrated into

routine care (Biessels & Despa, 2018). The
rapid expansion of digital health and
artificial intelligence (Al) also introduces
new challenges related to digital equity,
workforce  readiness,  reimbursement
mechanisms, and data governance,
necessitating coordinated system-level
responses.

Although a growing body of
literature has explored pharmacological
therapies, digital health, and immunological
interventions independently, there remains
a lack of comprehensive synthesis that
integrates these domains within a unified
framework relevant to the Thai healthcare
context.  Critical uncertainties persist
regarding how precision medicine can be
translated into sustainable and scalable care
models, the real-world effectiveness of
technologies such as CGM, telemedicine,
and Al-assisted management, and the
feasibility of implementing disease-
modifying therapies in settings with
variable resources and infrastructure.
Furthermore, current literature provides
limited analysis of how Thailand can
strategically adapt these innovations to
address its specific epidemiological trends,
healthcare system constraints, and policy
priorities.

Therefore, this review aims to
provide a multidimensional synthesis of
contemporary  evidence on  diabetes
mellitus,  integrating  advances in
pathophysiology, diagnosis, therapeutics,
and digital health with an emphasis on their
implications for Thailand. By bridging
biological mechanisms, clinical evidence,
technological innovation, and health system
considerations, this review seeks to identify
strategic priorities for improving diabetes
prevention, management, and long-term
outcomes within the Thai context.

Purpose of the Study

This review aims to synthesize
contemporary evidence on diabetes mellitus
across epidemiology, pathophysiology,
diagnosis, complications, and emerging
therapeutic and technological innovations.
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In addition, the review seeks to integrate
these domains within a unified framework
to examine their implications for diabetes
management in Thailand, with the goal of
identifying context-specific priorities for
improving prevention, care delivery, and
long-term outcomes.

Methods

This study was conducted as a
narrative review to synthesize
contemporary evidence on diabetes mellitus
across epidemiology, pathophysiology,
diagnosis, complications, therapeutics,
digital health, and health system
implications, with particular emphasis on
relevance to Thailand.

A structured literature search was
performed using PubMed/MEDLINE,
Scopus, Web of Science, and Google
Scholar.  Additional sources included
clinical guidelines and reports from major
organizations, such as the World Health
Organization (WHO), International
Diabetes Federation (IDF), and the
American Diabetes Association (ADA).
Search terms included combinations of
“diabetes mellitus,” “type 1 diabetes,”
“type 2 diabetes,” “diagnosis,”
“complications,” “SGLT2 inhibitors,”
“GLP-1 receptor agonists,” “continuous
glucose  monitoring,”  “telemedicine,”
“artificial intelligence,” “immunotherapy,”
“microbiome,” and “stem cell.”

Studies published between
approximately 2001 and 2024 were
considered. Priority was given to peer-
reviewed articles, landmark clinical trials,
high-impact mechanistic studies, and
international consensus guidelines that are
relevant to current clinical practice and
emerging innovations. Older studies were
included selectively when they provided
foundational or widely cited evidence.

Articles were screened based on
predefined inclusion and exclusion criteria.
Inclusion criteria comprised: (1) studies
addressing key domains of diabetes care,
including mechanisms, diagnosis,
complications, therapeutics, digital health,

or health system implementation; (2)
studies with clear clinical, scientific, or
policy relevance; and (3) publications in
peer-reviewed journals or recognized
institutional reports. Exclusion criteria
included: (1) studies lacking relevance to
the review objectives; (2) non-peer-
reviewed sources, editorials, and opinion-
based articles without supporting evidence;
and (3) duplicate publications.

The selection process involved
initial screening of titles and abstracts,
followed by full-text review of potentially
relevant articles. Studies were then
prioritized based on scientific rigor,
relevance to contemporary practice, and
contribution to thematic synthesis. From the
screened literature, 34 publications were
selected as key references because they
represented high-quality evidence,
landmark  findings, or authoritative
guidance across the major domains of
interest.

Data from selected studies were
analyzed wusing a thematic synthesis
approach. Evidence was organized into
predefined domains—epidemiology,
mechanisms, diagnosis, complications,
technology, therapeutic advances, and
health system considerations—to provide a
structured and integrative overview. As a
narrative review, this study did not include
quantitative meta-analysis or formal risk-
of-bias assessment.

1. Epidemiology and Burden of Disease
1.1 Global Trends

Diabetes mellitus (DM) is a major
and growing global health challenge, driven
by urbanization, aging populations, and
lifestyle changes (Zimmet et al., 2016). Its
rising prevalence is accompanied by
increased morbidity and mortality due to
complications such as cardiovascular
disease, chronic ~ kidney  disease,
neuropathy, and retinopathy, contributing
to substantial healthcare and economic
burden worldwide (Fowler, 2008; Beckman
et al., 2002).
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1.2 Epidemiological  Situation in
Thailand

In Thailand, diabetes prevalence has
steadily increased, largely due to rising
obesity,  sedentary lifestyles, and
demographic aging (Aekplakorn et al.,
2019). Despite improved detection and
treatment, many individuals remain
undiagnosed or poorly controlled, leading
to preventable complications. Health
system challenges, including disparities in
access to care and fragmented chronic
disease management, further exacerbate the
burden (Atun et al., 2017).
1.3 Risk Factors

Diabetes is  influenced by
modifiable risk factors such as obesity,
unhealthy diet, and physical inactivity,
alongside non-modifiable factors including
age and genetic susceptibility. In Thailand,
rapid urbanization and dietary transitions
have intensified exposure to these risks,
emphasizing the need for effective
prevention strategies (Aekplakorn et al.,
2019).
1.4 Young-Onset Diabetes

Young-onset type 2 diabetes is
increasingly  observed in  Thailand,
particularly among adolescents and young
adults. This group often presents with
poorer glycemic control and earlier
complications compared to later-onset
cases (Dejkhamron et al., 2022). The trend
reflects early exposure to metabolic risk
factors and poses significant long-term
challenges for the healthcare system.
2. Pathophysiological Mechanisms

Diabetes mellitus comprises a
heterogeneous  group  of  disorders
characterized by dysregulated glucose
homeostasis resulting from defects in
insulin secretion, insulin action, or both.
Type 1 diabetes (T1D) is an autoimmune
condition marked by T cell-mediated
destruction of pancreatic -cells, leading to
absolute insulin  deficiency. It s
increasingly recognized as a staged disease,
allowing for earlier identification and
potential intervention during
presymptomatic phases (Insel et al., 2015).

In contrast, type 2 diabetes (T2D) is
primarily driven by insulin resistance in
peripheral ~ tissues  combined  with
progressive -cell dysfunction, resulting in
relative insulin deficiency (DeFronzo et al.,
2015; Kahn et al., 2014).

Chronic low-grade inflammation
plays a central role in the pathogenesis of
T2D, linking obesity and metabolic
dysfunction to impaired insulin signaling.
Adipose tissue inflammation, mediated by
pro-inflammatory cytokines and immune
cell infiltration, contributes to systemic
insulin resistance and B-cell stress (Donath
& Shoelson, 2011). These processes are
further exacerbated by oxidative stress and
mitochondrial dysfunction, reinforcing a
cycle of metabolic dysregulation.

The gut microbiome has emerged as
an important modulator of metabolic health,
influencing glucose metabolism, immune
responses, and energy balance. Dysbiosis in
individuals with T2D is associated with
reduced  production  of  beneficial
metabolites such as short-chain fatty acids
and increased systemic inflammation
(Gurung et al., 2020; Lynch & Pedersen,
2016). Although the microbiome represents
a promising therapeutic target, its clinical
application ~ remains  under  active
investigation.

3. Diagnosis and Classification

The diagnosis of diabetes mellitus is
based on standardized biochemical criteria
associated with long-term complications,
including glycated hemoglobin (HbAlc) >
6.5%, fasting plasma glucose > 126 mg/dL,
2-hour plasma glucose > 200 mg/dL during
an oral glucose tolerance test, or random
plasma glucose > 200 mg/dL in the
presence of classic symptoms (ADAPPC,
2025). These criteria remain fundamental to
clinical practice; however, contemporary
approaches increasingly emphasize early
detection and risk stratification.

Beyond conventional classification,
precision-based approaches have gained
importance in differentiating diabetes
subtypes and guiding individualized
management. Type 1 diabetes is

wih 25 : MsnTInemansuazimalulad aonduganfnwienvulriUseinalng



characterized by autoimmune [-cell
destruction and can be identified through
autoantibody  testing and  staging
frameworks (Insel et al., 2015), while type
2 diabetes involves  heterogeneous
metabolic  dysfunction influenced by
genetic and  environmental  factors
(DeFronzo et al., 2015; Kahn et al., 2014).
Recognition of atypical forms, such as
latent autoimmune diabetes in adults
(LADA) and monogenic diabetes, further
underscores the need for accurate
classification to optimize therapeutic
decisions.

In Thailand, challenges in diabetes
screening and diagnosis persist, particularly
in relation to underdiagnosis and delayed
detection. A substantial proportion of
individuals with diabetes remain unaware
of their condition, and many do not achieve
adequate treatment or glycemic control.
Additionally, approximately one-third of
diabetes cases remain undiagnosed,
reflecting gaps in early detection and
screening coverage (International Diabetes
Federation, 2024). Limitations in screening
program  effectiveness, variability in
healthcare access, and reliance on
opportunistic testing further contribute to
incomplete  detection and  delayed
management (Mahikul et al., 2019).
Strengthening population-based screening,
improving  risk  stratification,  and
integrating diagnostic pathways within
primary care systems are therefore critical
for reducing complications and improving
long-term outcomes.

4. Complications and Clinical
Consequences

Diabetes mellitus is associated with
a wide spectrum of complications that
significantly contribute to morbidity,
mortality, and healthcare burden. These
complications arise primarily from chronic
hyperglycemia and metabolic
dysregulation, affecting both microvascular
and macrovascular systems, as well as other
organ functions (Fowler, 2008; Brownlee,
2005).

4.1 Microvascular Complications

Microvascular complications
include diabetic retinopathy, nephropathy,
and neuropathy, which are major causes of
blindness, end-stage renal disease, and
disability, respectively. Persistent
hyperglycemia induces oxidative stress,
endothelial dysfunction, and microvascular
damage, leading to progressive tissue injury
(Brownlee, 2005). Tight glycemic and
blood pressure control have been shown to
reduce the risk and progression of these
complications (UKPDS, 1998).

4.2 Macrovascular Complications

Macrovascular complications,
particularly atherosclerotic cardiovascular
disease (ASCVD), represent the leading
cause of death among individuals with
diabetes (Kannel & McGee, 1979).
Pathophysiological mechanisms include
endothelial dysfunction, chronic
inflammation, and dyslipidemia, which
accelerate atherogenesis (Beckman et al.,
2002). Recent therapeutic advances, such as
SGLT2 inhibitors and GLP-1 receptor
agonists, have demonstrated significant
cardiovascular benefits, shifting treatment
priorities toward comprehensive
cardiometabolic risk reduction (Zinman et
al., 2015; Marso et al., 2016).

4.3 Cognitive and Other Complications

Beyond vascular complications,
diabetes is increasingly recognized as a risk
factor for cognitive decline and dementia.
Mechanisms include insulin resistance in
the brain, microvascular injury, and chronic
inflammation (Biessels & Despa, 2018;
Craft, 2005). Additional complications,
such as diabetic foot disease, arise from the
interplay  of  neuropathy,  vascular
insufficiency, and infection, leading to
increased risk of hospitalization and
amputation (Schaper et al., 2020). These
diverse clinical consequences highlight the
need for integrated, multidisciplinary
management strategies to reduce long-term
disease burden.

5. Technology and Digital Health

Advances in  digital  health
technologies are transforming diabetes
management by enabling continuous
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monitoring,  personalized care, and
improved access to healthcare services.
These innovations address key challenges
in chronic disease management, including
fragmented care and limited specialist
availability (Salisbury et al., 2015; Atun et
al., 2017).

5.1 Continuous Glucose Monitoring
(CGM)

Continuous glucose monitoring
(CGM) has shifted diabetes management
from static measures such as glycated
hemoglobin (HbAlc) to dynamic metrics,
including time in range (TIR), which better
reflect daily glycemic variability (Battelino
et al., 2019). CGM enhances detection of
hypoglycemia, supports treatment
optimization, and improves patient
engagement, particularly in individuals
with type 1 diabetes and insulin-treated type
2 diabetes.

5.2 Telemedicine

Telemedicine  enables  remote
delivery of diabetes care through virtual
consultations, digital communication, and
remote patient monitoring. Evidence
suggests that telehealth interventions can
achieve glycemic outcomes comparable to
in-person care while improving
accessibility and continuity, especially in
resource-limited settings (Salisbury et al.,
2015). These approaches are particularly
valuable for expanding care coverage and
supporting long-term disease management.
5.3 Artificial Intelligence (Al)

Artificial intelligence (Al) is
increasingly applied in diabetes care for
predictive analytics, clinical decision
support, and complication screening. Al-
based systems have demonstrated high
accuracy in detecting diabetic retinopathy
and in predicting risks such as
hypoglycemia and disease progression
(Gulshan et al., 2016; Beckman et al.,
2002). Despite its potential, implementation
challenges  remain, including data
governance, algorithm bias, and integration
into clinical workflows, particularly in
settings with limited digital infrastructure
(Atun et al., 2017).

6. Therapeutic Advances and Future
Directions

Recent advances in diabetes
therapeutics have shifted management
beyond  glycemic  control  toward
comprehensive  cardiometabolic  risk
reduction and disease modification. These
developments reflect a broader transition
toward precision and mechanism-based
treatment strategies.
6.1 SGLT2 Inhibitors and GLP-1
Receptor Agonists

Sodium glucose cotransporter 2
(SGLT2) inhibitors and glucagon-like
peptide-1 (GLP-1) receptor agonists have
transformed the management of type 2
diabetes by providing benefits that extend
beyond glucose lowering. Large-scale
clinical trials have demonstrated significant
reductions in cardiovascular events, heart
failure hospitalization, and progression of
chronic kidney disease (Zinman et al.,
2015; Marso et al., 2016; Perkovic et al.,
2019). These agents are now central to
treatment guidelines, reflecting a paradigm
shift toward integrated cardiometabolic risk
management.
6.2 Immunotherapy

In type 1 diabetes, immunotherapy
represents a promising approach aimed at
modifying disease progression rather than
solely replacing insulin. Monoclonal
antibodies such as anti-CD3 agents have
shown the ability to delay the onset of
clinical disease in high-risk individuals by
preserving residual (-cell function (Herold
et al.,, 2019). Other immunomodulatory
therapies, including agents targeting T-cell
activation, have demonstrated varying
degrees of efficacy in early-stage disease
(Orban et al., 2014; Rigby et al., 2015).
Despite these advances, challenges related
to long-term efficacy, safety, and cost
remain.
6.3 Stem Cell and Regenerative
Therapies

Regenerative medicine offers the
potential to restore endogenous insulin
production through stem cell—derived B-cell
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replacement. Advances in stem cell
differentiation have enabled the generation
of functional insulin-producing cells,
demonstrating proof-of-concept  for
biological restoration of glucose regulation
(Pagliucaetal., 2014). Early clinical studies
have shown promising results; however,
barriers such as immune rejection, need for
immunosuppression,  high  cost, and
scalability continue to limit widespread
application.
7. Health System Challenges and
Strategic Priorities in Thailand

Despite advances in diabetes care,
significant health system challenges
continue to limit effective implementation
in Thailand. These challenges span access
to care, workforce capacity, policy
alignment, and real-world integration of
emerging innovations.
7.1 Access to Care

Access to essential diabetes services
remains uneven, particularly between urban
and rural areas. While basic treatments such
as metformin and insulin are widely
available, access to newer therapies
including SGLT2 inhibitors, GLP-1
receptor  agonists, and  advanced
technologies such as continuous glucose
monitoring (CGM) is often constrained by
cost and reimbursement limitations (Atun et
al., 2017). In addition, gaps in screening and
early diagnosis contribute to delayed
treatment initiation and increased risk of
complications  (International  Diabetes
Federation, 2024; Mahikul et al., 2019).
7.2 Workforce Capacity

Effective diabetes management
requires a multidisciplinary approach
involving physicians, nurses, pharmacists,
and allied health professionals. However,
workforce shortages, particularly in
primary care and rural settings, limit the
capacity for continuous, patient-centered
care. Structured diabetes education and
self-management support programs are not
consistently integrated into routine practice,
reducing opportunities for prevention and
long-term disease control (Atun et al.,
2017).

7.3 Policy Gaps

Although Thailand has made
progress in addressing noncommunicable
diseases, gaps remain in aligning national
policies with rapidly evolving clinical and
technological advances. Coverage of newer
pharmacological agents and digital health
tools is limited, and integration of precision
medicine and early detection strategies into
national frameworks is still evolving. These
gaps hinder the translation of scientific
advances into population-level benefits.
7.4 Implementation Challenges

The implementation of innovative
diabetes care models—such as
telemedicine, Al-assisted screening, and
integrated chronic care pathways—faces
practical  barriers, including digital
infrastructure limitations, variable health
literacy, and challenges in data governance.
Fragmented care delivery systems further
complicate coordination across levels of
care, reducing efficiency and continuity
(Atun et al., 2017). Addressing these
challenges requires strengthening primary
care systems, expanding digital health
capacity, and improving coordination
across healthcare sectors.
7.5 Strategic Priorities

To improve diabetes outcomes in
Thailand, strategic priorities should focus
on strengthening early detection through
population-based screening, expanding
equitable access to essential and advanced
therapies, and integrating multidisciplinary
care within primary healthcare systems.
Investment in workforce development,
digital infrastructure, and  policy
frameworks that support innovation
adoption will be critical. Aligning these
efforts with prevention-focused public
health strategies can enhance long-term
sustainability and reduce the growing
burden of diabetes.

Conclusion

This review shows that diabetes
mellitus has evolved from a glucose-
centered disorder to a complex,
multisystem condition requiring
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biologically precise, technology-enabled,
and health-system—integrated strategies.
Across epidemiology, mechanisms,
diagnostics, complications, and emerging
therapies, the evidence supports a shift
toward predictive, personalized, and
prevention-oriented care. Scientific
advances—including SGLT2 inhibitors and
GLP-1 receptor agonists for cardiorenal
protection, immunotherapy for type 1
diabetes, continuous glucose monitoring,
Al-assisted screening, and stem-cell-based
approaches—demonstrate  real clinical
progress.

However, translation into
population-level impact remains uneven.
Complications continue to drive morbidity
and mortality, particularly in middle-
income settings such as Thailand, where
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ABSTRACT

This study aimed to analyze the physical characteristics of latent fingerprints collected
from crime scenes, and to statistically compare the width and length of latent fingerprints
impressed by the thumb and other fingers. Analyze and compare the latent fingerprints
deposited by the thumbs of male and female individuals at a 95% confidence level. A total of
597 verified latent fingerprint impressions from 155 forensic cases (2020-2023) by the officers
in area of Police Forensic Science Center 7, were analyzed using descriptive statistics and
independent t-tests at a 0.05 significance level. The study found that latent fingerprints were
deposited on porous, semi-porous, and non-porous surfaces of evidence on crime scenes, and
at least 10 minutiae points were required to identify a person. Latent fingerprints of every finger
could be found and possibility of nine fingerprint patterns could be seen on crime scene. Latent
fingerprints were mostly incomplete, with whorl pattern being more common than loop and
arch pattern. The depositing latent fingerprints by thumbs differed significantly in width and
length from other fingers. The width of thumbprints of male and female were statistically
different significantly, while the length did not differ. Findings support improved accuracy in
forensic identification and fingerprint classification.

KEYWORDS: Latent fingerprint, Crime scene, Personal identification
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ABSTRACT

This study aimed to evaluate the effectiveness of direct heat application for
developing latent fingerprints on thermal paper and to compare fingerprint quality
assessments between forensic experts and artificial intelligence (ChatGPT). A total of
80 thermal paper samples, including automated teller machine (ATM) receipts and
point-of-sale (POS) receipts, were examined. Latent fingerprints were developed using
two heat-based methods: a hot plate (100 °C) and an iron (70-100 °C) under controlled
experimental conditions. The results indicated that the hot plate method produced
slightly higher average fingerprint quality scores and demonstrated greater consistency
than the iron method. In addition, ATM thermal paper yielded slightly higher fingerprint
quality than POS thermal paper. Comparative evaluation revealed that ChatGPT
provided scores comparable to those of forensic experts, with no statistically significant
difference (p = 0.56). The agreement analysis demonstrated a Weighted Cohen’s Kappa
value of 0.62 indicating a substantial level of agreement that is academically acceptable.
These findings suggest that artificial intelligence has potential as a supportive tool for
latent fingerprint assessment in forensic science. Nevertheless, in-depth analysis and
courtroom-admissible interpretation still necessitate expert judgment.

Keywords: Latent fingerprints, Thermal paper, Heating element, Artificial intelligence,
Forensic science.
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wesueainuauiAiAvAe dvuadouilsie
AMUFOU (Thermosensitive coating) @sUsznau
Tereasedinansadsudladelasuniy

¥

Fou (Liao et al,, 2020) T s lh@1m1saNUN
Tayasuunseatyla laglidsdodldnidn dae
AnsaiAilderou uazansialivesnszany
wesueasdwalin1snsamaneiaileud sy
Nufnwidad g utouunnnitiuidwaly
i asnmisldarsafivsdans omaianng
Wannanetiasieuslaialy wu Ninhydrin 4091
ﬁalm'mmiaslﬁi’fﬁuﬁuﬁaﬁlﬂ@jm%’ulﬁ D19E A
NSLNUF BLONE1SUINUTEAN YIS 18azd un
yasduagysngludaau (Girod et al, 2021)

Aagne dimatdansiianusaudagniiun

Uszondldlumavannaneiafleussuunsyany
95398

WAl ANITIA ANT oU (Heat-based
development) Aan1siauaneil 18 eunslag
oeanufeunseduliiansandrennaneiiade
yufAsefutuedouvemnseaudsaliann
aeil o ourleUsingdad u eeslsfany
UsrAvsnmuesnwannaneiailoudsdaeaany
Fouenaldsudvswaanvareyade W aamgll
ssovnalunsliufou ussnavesaneiiagie
LA nunzUa i uila 4 edwanenmnINTes
awiiailoile (Bleay et al, 2021) iy A3
Useifiugaunmesaedifieuwdsdslinud iy
nan1sululglunszurunisus suisunas
figaiondnual Tneialumsuszifiunaniw
awﬁyaﬁmmwwﬁLﬁumﬂm@ﬁ'mﬁzmp, R
NNTUNNNANNTALRUVDIFUAY (Ridge clarity)
AsaLleeIay LazdunuadnuzanIz
(Minutiae) 8g19lsAnu nsUseiussnand
ANBULTIONTdY Lare1an ULl IHY
i%%’iﬂﬂﬁﬂimﬁu (Inter-examiner variability) 1
(Ulery et al,, 2011)

a 1

Tutay vy welulag Yayeyrusei vy

DAY P

(Artificial Intelligence: Al) AMSIHNITANAILIDEN
30157 wazdanflunumiudiauywdnnTumn

TuAUMTYINU NSTRTIEideya N5y

v a

anaula Tuaua WA netdansmalulad

sanamgnininUssgndldiiediedinTziveya

Y

dineuaiug danseadowiy wavauayu
MIfaalvangIUlngIEAUMTIATIZAA N
La¥N133 913 ULUY (Pattem recognition) R
an50Y 281 uAwEl ENe anAuAAIN
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A8 ouanuyYd Loz uUszAns nmlunis
WATENveYa (Zhang et al, 2023a)

ChatGPT v u Al 98 anil a1 ussuu
JayeyseAwglungu Large Language Models
(LLMs) gnesniuulianunsaussanana vy
e wagasen ey edlaluseauusun T
Sanamgriauialae OpenAl Taglfuuusnaes
GPT lasumstlniusedeyadnuiuumaaain
Suwmesin misde wavienaisnainvaie
Usenn (Radford et al, 2019) msWaw GPT &
Sdududndey eun GPT-1, GPT-2, GPT-3 waz
GPT-4 (OpenAl, 2023) 7 sun x5 Uil §1u7u
W3fwes waAmnuansalunIsUsTaNaT
Lﬁu%uasmﬁﬁaﬁﬁm (Brown et al., 2020)

faudlutnausginan Large Language
Model azliilagnesnuuuinlngnsaamzd iy
N1551A5189 nnaned 29 oL ousTUY
Automated Fingerprint Identification System
(AFIS) Wi ChatGPT d@nan1nlun1s3As1e
sUwuUNN Uagn1suszidudalaseasnein
a7 fvunlya s le 5 ausatiu
Uszgndldlugugied ssfloaiuayunisussidiu
Tuudfineaians WioanauaaIaed o
sewinefUseidiu 16 dnsivundd suuud
TAssad1sdmsunIs AR nmane i il ours
1R8N AUA A SEUUUSZE UATNANA TR LAY

o o

A NS DUV TMUATEA UATLLUA AT

=3

aneiidlawlias 9nuiiaanm i lung

A A3 WAL UAINAIUISAtUNITUSELT U

a

Qy N 1 @ v
ﬂmmwmammaum pg19lsN ALY Al QB2

a

Anannlun1sii USEENS AW AsUSELU

'
S YV o A

AT 20 oURY We g9l U9 A R 1A gLl

Wisuisuiuid sy Tasiewglugiunis
fAUUS UNLAZNNTIATIERSasLD o 9 n
Y9duay ¢ e oserdeUssaunisaluay
Te15uyIuveINY we (Dror et al, 2021)
uenanil sruy Al feftemndeyaildlunsiin
Jundn Fee1vldaiunsausudieegUuuy
aeiilefdudeunseldinonuinieuld Snwa
AnulusalaluniseSunenanisindulaves Al
(Explainability) FadutednindrAnluviunves
N3¥UIUNTYAETIH (Rudin, 2019)
PINNTNUNIUITIUATIUNUIT U3V

ﬁgiMﬂﬂﬂiﬂ?iﬁwuﬂaﬂﬁlﬂ‘j}?ﬁE]LLEN‘U‘LmiW]’]U
WesupanuwAianusaus A unsUsTIaU
Aanmlag Al USsuisuiug i sangneld
N13AIUANFAIMUTITISEUY Saansfnulu
Usunillpenss fedu msfnenii3ed inguszasd
Woussdiulssavs nmassnisldnnudeulunns
Wannanefi Al sursuunsEawmeduea way
Wisuifisunisussdununiwated i ol
seninsssuulagayseRugiug Fenveydnd
enans ol TeissRuALEennd0swes
HAN1SUTEIY WA Ua U IWAILNWLITANTS
psrafigaimeiiafoulsiirnuuiugmindede
waraonaa osn utnaluladadeuluylusuils
INAEns
I UsEaIRNUIY

1. Wi eUszulszans aAmaaunaia
nslanudeulunisiaunated 15 oudsuy
NIEATUDIUDA

2. NOATIZNTLAUANUADAAR DY LAY

ANULANF19YBINTUTTTT UA A AT A0
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Wele5En N9 W ey useuut ey useh vy

(ChatGPT)

AUNAFIUVDINTTIY

Hi: A ANl A s sud nase
AN NYBIAET 2Tl ourlauunsEATHINe s HeA
98190 AYVINEDA

H2: mi'ﬂizLﬁu@mmwmaﬂfﬁmmwaq
ChatGPT dAuaenAR i UL nTIaNaauneili
Ingrmanslused uil sausuldmiaTvinis

(Weighted Cohen’s Kappa > 0.61)

NIDULLIAANITINY
AauUsAu :

1. W8mmsou (Hot plate, 0N3m)

231UaNszA e (@aU ATM, POS)
Fausnna: A anefiafiousds Azuuy 0-3

1. ﬂzLLuumﬂ@%mm@

2. AgLUUIIN ChatGPT
AuUIAUAY:

1. §lfaneiiagie (1 ew)

2. trninlunsUssviuaneiiile (1,000-
1,500 n31)

3, annaUsyiiuaneiiaile (20 Junil)

4. 9aun il (Hot plate 100 °C , 1139
70-100 °C)

5. fUs=Aiy (1 Av)

6. NS IWAZLUL (0-3)

Uselaminaininazlasu
107 BLAUDWUINIGT LT AN LA L]

Uszans nlunsiauane Tl okaauunsene

wiefuoa deannsnuiludszgndldlununsas
A0IUT LA LA LAZNITATITN g AU Mail A
enmanslasgraduszuy

2. ileuanafneamved ChatGPT Tums
aﬁua‘qumsﬂizLﬁu@mmwmaﬁaﬁamq U
FaerfineusIag mNaiuae uazannsy

UV TEINEY

WANdumMIY

n53 3T 0 un1si Teidmaans §
ToquszasdifiofnuUszAvsnmueanmsldan
foulunismuiated 2 euksuunszaly
wesuen uaslUTeuiisunan1sUssunmnn
apiidlouslssswinadiTenmnyiu ChatGPT
a9 gunsal uasnguieeeildlunuide

Fanildlunsideuseneusenszany
wedueadi LA usIuTaanuva sldeuas vy
FIaUszd1TuT I 8 une uuseenidu 2
Usenn loun adu ATM 9713w 4 uis Laun
sUIANSINeNIalve (SCB) sUNAIINANTbne
(KBANK) 51115039l (KTB) uazsuiasiile
N15LNBATLATANNTANITNYAT (BAAC) Az
TuiaSasuiRu POS 911U 4 ik laun Srunium
ﬂ’uﬁ;‘lm (PT) 31U 7-Eleven $1u Lotus Express
wagi1u DLY (Fwandluguil 1

guUnsal i 1dlunmeaes leun Hot
plate B¥@ IKA §u C-MAG HS 7 w7 180 x 180
fiadiuns ddldmuaugamnfif 100 °C 1an3a
o1 B%e SHARP §u AM-265 & st 9526y

AUSBUN 1 (70-100 °C) kazLA3 899 91U 11N
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o A

Advia 8910 Mettler Toledo 1 PB1502 dmisu

PIUANKIINALUNTES 9aNeilaile

#8 Krungthai
XY rmthai

Tutusinsents
TRANSACTION RECORD.

WS woanlas  wnwiady
Tssuer Bank Location  Soq. No.
KBANK CON21429 1934

OATE 20/02/26 TIE 1159

TO ACCOUNT NO. XXX)17940X
TO A/C NAME NR. ROSID PANJAN

BANK NOTES

gfw -
e 1o -

(@ (b)

Description Oty Price  Amount TAX 0105555139534 RO E0414 1000240704

PLACEMAT 30445CM 81131
AL0-108 - 12/144

8977173 1 X
WALL PLUG W/SCREW BNMM-505
-02 - 20/240

o

ol

lel,

Tax 1D N 2529
RECEIPT/TAX INVOICE (ABB) TAX INVOICE(ABB)/RECEIPT
Punthei Coffee Co Lt
00346 Fhactuz

STAFF XXXXX576 120212026 10 2237
SHOP. PG13I01 o 0144512

TAKE AWAY - Q#24
300 3100 Nngvn PR
sk AL

SubTotal 1
Staft PT 50%
T

JUT 1 fegnanseanumesueaiildlunmsasiafivaneiidow laun adu ATM answiensngsive (a)

warsnasnansine (b) Taudsluledaduldu POS 9131 DY () wagsunmuiiuglve aanliusns

Y PT (d)

N3ATAAAULAZHAILNIA8 T we S
Y1FI0819NTLANNDIUDANY 8 kS
a @ [ v a wa a a v
NgniiudnuliluiesyJuRn1si guumgiivies
e dugud wd suduld vuin 4x 10
WURIAS NUUlD1EaTATYINNNSNAUTEIU
anetile lnensAnedlasuauduesuain
ananasAsNauYinNIsnaUsEYivatetadeaduu
f19819NTEANDSUDA %’aa&amaqmmaﬂmrg
UseiiuaeilidlegnldineTnguseasanianis
ety Wiin1sdawedeyadiuyang
o A o Ly} Qy )= I
anaa@lAsRYinN1snaUsEiuatetitlatduLne

nigeey 32 U Wanidn 85 Alandu g9 159

WURIAS NBUNISNAUSEUBNEANATABIANY

v
¥ o

fenr8uuavay ndulaesliuiniy
555uvIRAoUN1SUTEUATeTie n13ne
Usevuaneindiefmuadoulusisd 19usenauu
,A3esds 1,000-1,500 n¥u FemuauseLATeq

'
o

FIRANDA WAEAINUATZYLLIATUNITNAAIAT

20 Ui o1anadasy Usevivaneiaide gn

Y

v A

dndonlduyanafiannsoaisaeiiiouds
Ffvsnaasfanduiisanedanisinasdld
ogvasinaue Tnglunuadeildglnarsdade
Fuau 1 au luyndeulunisneass (Within-
subject design) Lﬁammmmm wUsHulA
Snwaraneiailonsdt fmuasiaue anau
LANAN9TBY ridee pattern USunauansAnmaa
LazuseannuasnsUsziuatedade e
nasAn1sNAanT leUsystuaneiailoudn
AreganTeawnestealzgniiulianiy
Fouiun lngldnatanislvanuiou 2 35 Ao
(1) Hot plate 18198190 52AIMNDTUDAN
§auu Hot plate figaumafl 100 °C 5883919
0.5 [URLLAT (2) 1113A AIPNITUINIINYIVUY
frogenszmumesiea Mnaldianianeiu
Tuudh fsengaunginnindissdu 1 mudeya

a A a Ya v

PNANARIYIQUNYIAD 70-100 °C lagIde

9 Y Y
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IFmuauszeziailunislianudeurts 233
aiifiu 30 Jundt Tnevimsnnasssiluusas
do1uiis1uau 10 avs wuadu Hot plate 5
afs wazmnin 5 afe sauvianun 8 aaud x
10 aés = 80 Fheths
awmﬁumwmaﬁaﬁaLLﬂszgﬂﬂ’uﬁﬂ
TneldndosAdavedinsdndt iPhone 12 Fafl
ANAzLEEn 12 a1unniga laeldiauduiln
wide (/1.6) Tulusunemludl@ (auto mode)
meldannzuasnieluiesufiAnisidaiiu
dauasaad (Usganal 300-500 Lux) ndesgn
Fandlusumdsiaanfuiuiavesiiodns
WATATUANTEEENINUTEUI 10-15 WURLUAT
el ld anmd daduaudanazaiuse
Wisuiisuldegaaminane dagui 2140
ANE 183088181 235 pur 1R sIaUT U
Aunmasinde Tnefussdu 2 ndu léud (1)
fid B dtunisnsnfigadanedfowds

a L3

AUgNAIUNNZIU 7 NENUATIAETIR
wels 819519M15 12 U 4 e Baldiidenyigy
1 Au yhnsusedivegsdaselaglinsiutoya
AenuIsnsiauiou iaauANdwls
‘ﬁl U v a
LATANAIIUABIALAA BUTEWININUTELIY (2)
ChatGPT Ju GPT-4V a.duluma Multimodal
Naunsalnseideyanmsiuiuteainula
lngldAdawuuiiinamilunsudsnanivuall
' 2 1 < & acg ¥ 4
dramthegralunnsgu Inensaasisidinmua
1% a v oA 1 = =
nshirzLuudgfuieliaunsaIe iy

1 1 '3 a
NARY9LUUGTTU IﬂﬁLﬂm%ﬂTﬁUi%LNUQmﬂWW

anedaflelgszuun1stAALLUULUY 4 SEAU

(0-3) IneNANTUNIINAMUTALAUTDITUANE
(Ridge clarity) Avusiawfieswesduale (Ridge
continuity) kAT 1UIU MG NYULLANIY
(minutiae) ¥ 1@u1509uunsE AUl daustlsl
U31ng (seav 0) Waudedaauanysaluay
anansaltdududiyanald (sedu 3) Inee19a
LUIN19910 (Champod et al., 2016; Holder

et al,, 2011) Famn5197 1

nsaeidaya
nsiAseteayadniunisiagldnis
3151294 Alad e (Mean) wavd1ud saiuy
119 397U (Standard Deviation: SD) Lﬁlaag‘d
anvazvedayakaryinAMudilawliuves
A waeiafiours Tnseniadeldlunisuans
sgiuamnnlngTmesmsiniiefldanusioy
FBmmeaes vaugiidudosvunpsglil
nsUsEiuANKYIHUTRItaYa N1TATIER
ANADARG B TEnINa Useiiluaeangy 19
a0 @ Weighted Cohen’s Kappa (KW) w114
annsnazvieumADnAdeTiuaTvednig
Thazuuulaogedded1Ayn19ada n1s
WisuliouA 1128 sUeIAZLUUAUAIN
aoiiadleussseninaioavinuay ChatGPT

a

14a0# Wilcoxon signed-rank test Tagninun

'
1Y v aaa

sEAUNdIAYNIEDFAN p < 0.05 uoNaINH
Taszvurnvesdnswalasldainisasu
Effect Size ( Cohen’s d ) i 8 U3zl uA91
uanendluB oA Fetaoaiummanysal

YBINIAAIUNANITIVY

'
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D77 34V J9NY

5UN 2 Megranmaneiiillauranuinguunseatuneiiea wawumalianisivauiou

M13199 1 Inawgin1suszidiuaunnateileusanusyiuazug 0-3

FTAUATLUU AMNINYBITREAELILBUES Aa819

Liusingsesateiiatouwds

AMNINAN UOUTUTIBAZIBEAVRIANBLE

Lianunsotansyanald (<8 9a)

A weld tewiuseasideavedu

ansadanizuarals (8-12 9a)

AMNING UBLTUTIEaLLBEATBIANELEY

ansadanizuaeald (>12 9a)

NN5IFYUANWINITNAIUIANG LI DLbE

NaN15I8
YUNTEANENB5UBA Lagltion1sviAusoy 2

Wi 54 : MIATINeImansuazmalulad an1duaauAnvenvuuaUsewmelng



75 laun Hot plate wagz wn3n lagldiegig
P9UUATIUIY 80 §39819 91ndaU ATM way

TutaSasuiku POS 91U7U 8 @ Ul wasyinnng

amsSsuifisuamnmanstiafiovuday
ATM uasluis3a POS Tnefjildeaunsy
uansUsziliug i wanetafiousslng
A¥amey uanslupsnaii2 wuinszansam
voumatianslianufeuduey ety 33msls
ANUTRU Uavrlinuainseaumosuea lungy
aau ATM laga nsaunuin 35 Hot plate T
Anadsnsuuueglusziuguasimiuainaue
1NNI1I5T0 tneanizludang1991n KB
uay KBANK 4 il annaumnsinsvesazuuneg1g
FALU (2.8 WgUU 2.4 uag 2.6 18Uy 2.4
AILAINU) AzVIOUDIAINENNTOVBY Hot plate
Tumsmunugamafildegisnsi denaliinig
WannaeiadedUsyAns nmanndu Tuvmed
f0E1997n SCB MU MeaedISlinadws iy
(2.6 = 0.55) agslsimu Tunsdives BAAC wuin

53 alviAzuugandnif Hot plate ag1s
Faau (2.8 [Wisuiu 2.0) §s01aaziauisriny
LANANUBIRIRUSENOUATSIAE BUTIma UL D
ANuSauLuUNsEanalannia

d1msuna wluiafasuiTu POS nu
wualfud aenndesiu Tne33 Hot plate 1o
NAA NS ANI1I M3 Alunanensel laaanigluy
#29819970 Lotus POS @95 Auuane 198899
TaLau (22 Wigudu 1.2) uansliiiud1nis
muAugamqiet sas naneiunumdATe

7 Qy A dy
AW auIaIet a1l evunseawlssianid Tu

Usgillununimaieiindelag ¥ e1vguay

ChatGPT

39819 7-11 POS wudn Hot plate Tiazuuugs
nmudnies (24 \Wisuiu 2.2) Gsaenndeaiy
wulthilungu ATM vugiidaegnaann DY POS
uaz PT POS nuiwisaosisliuadnsiviniuly
$5Uge (3.0 uag 28 sudiy) Feenaseiiouin
ansauiBvestunsyaui hronnuouvei
aowiladeemsifnufAse s vansinud s
Tuaneiiafionu Leuco dye-developer léanin
nsgawuiind u dewaliluifinauuane1g

semnsvseiaUsINgNIad Ceiling effect

nansiSeuiisuyszansnnuesanatanisli
AMN3BY LazTlANTEMEIMBsUDA
Wousziduiadi dnasonunimued
aneiiaflowds Msdnuilgvinnsiseudisuia
Tuau Wnsiaulagldnmuseu wag slaves
nsEAuvasLea (ATM way POS) lagnansa
mﬂﬂ'mﬁaﬂzLLu‘uﬂmmwmaﬁyaﬁauazmm
wUsiuvestoya SIfmTIneiuundnina
(Effect size) ilpazvioumnuuaninsudeua
nan 1SS s Ul sulaesua auanaly
197 3 Feiiauetanare NS ou
eun Hot plate waztan3n Tandawanustinves
nsEATEmesUea Wislansafiansandvina
vousariiadodenuamanetafouddldagng

1d
ﬂ'ﬁE]UﬂEpJLLﬁ%L‘UUﬁ%UU
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A15°99 2 Anade (= ddeuuuninigiv) vesrziuuAunIwateidaudsuunsEaumesuea

Useinanadu ATM wazuulutaSasuiiu POS fiWau1n1833 Hot plate wagtanin (Ussidulae

Aidervauay Chat GPT)

(75N Hot plate TRED (VTSR] Hot plate
PRLIAR X+ SD <+ SD A29Eg X+ SD
SCB Lotus POS
ATM BANK NOTES: }ug
T 10)
2.6 +0.55 .45
Kbank 7-11 POS
ATM
KTB D.LY POS
ATM :
S #€a rungth
g% 37 nsolna \ £
B - Line : snrchyt
::: § g .@utlbe;: MR DIY
= anorydaed
BAAC PT POS
ATM
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3.5 4

(SD =0.00) (SD = 0.00)

3.0 1

(SD = 0.84) (SD = 0.55)
2.5

(SD = 0.45)

2.0

15 4 s 3.00 3,00

1.0 | 2.10

1.20
0.5 1

0.0

(SD = 0.46)

(SD = 0.45) (sp = 0.55) (SD = 0.55) (SD = 0.55)

2.20 2.25 2.35

Lotus POS 7-11 POS D.LY. POS PT POS

FRAVDINTEMMNDTNDR (UWWAITINN)

B Hot plate

B wn3a (Iron)

(SD =0.71)

(SD = 0.45)

(SD = 0.55) (SD = 0.45)

(SD = 0.55)

1.93 (1,95, o il 2.00
1.75 1.80

SCB ATM Kbank ATM KTB ATM BAAC ATM

'
I a

JUN 3 Aadenzuuugun nateilliowliuunszauivesuealssnvady ATM waz Tuiasasudu

POS Maulaamalinn1slAuSaULUY Hot plate uagian3n

A13199 3 MsiIeuiisulaesinvesnzkuuAMnINaelIlouranLIT N IHRIL LAY InvBINTEANY

WB5UDA
Uady QGEY Anade 95% Cl p-value  VUINBNTNA
+ (Cohen’s d)
Ei'ml,ﬁ'mwummgqu
AN Hot
2.55 + 0.56 236 - 2.74
plate 0.32 0.26
WA 2.43 + 0.58 221 -265
FYUANTEAY ATM 2.53 + 0.60 2.35-271
) 0.41 0.08
M2IUDA POS 245 + 0.74 222 - 2.68

e Axiuuegluylg 0-3

317015797 3 wansliifunanis
Wisulsuialufifues Tamsiamnanedaiie
way YUATDINITLATWNBSUDE 8819TALY LAY
Wua1 luauesisnistiainuseu 38 Hot
plate iAnadonzuuugunnansiinogenis
Fmdadnies (2.55 Wieuiu 2.43) Feazviou

saa

D9AUANLANDVDINARNETIANIN LT 89377

Hot plate @1u150AuANg U I lABE19AIN

AV

wavashianeunndn aglsiniy WeRansan
ANYUIRENENA (Cohen’s d = 0.26) Wuiney
Tuseduian wandliiuInALLANA19AINaD
widiwunldy uedeldwudaludeljua Tudiu
YDITUANTLATELNDS LD WU NTLAY
Uszian add ATM Tsfan1ad saziuuganii
luta§asuiiu POS e nYee (2.53 Liudu

2.45) uazlinuanuunneset el dedAgy

'
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MeEdd (p = 0.41) FeUstiraneiniefivmun
vuady ATM fuualdfaulinunmdiasinaue
1NN Relienaduus funsAUsEnaUTeEs
\deu (Thermal coating) TuananefusEning
nsyAwunazUsyian eg1lsAniu Arvun
INTNAVDIAMULANANITEIINEAY ATM uaz
luia§asuidu POS (Cohen’s d = 0.08) aglu
seusann wandlidtuiviavesnsenuiina
sonunwasiadeifisudntioadeiouiy
Hadedu 1wu Bmslimnuieunionadnuny

Y89IATIVANENILD

Han1siUTeuLeun1sUTELTUA AN
angilailaseninediveivinyuas ChatGPT

s

LﬁaﬂssLﬁuﬁ’ﬂamwmaa‘ﬂmmmszﬁwg
Tumsitnsisdaneiinflouds msanwilgvi
nsiUSeueunan1siiAzLuua puaIN
apiaflossviadidemgdudiinemans
fu ChatGPT amelddeulunisnaaeieniu
Tngfinnsanstdlufifvesisniswaun Téud Hot
plate LAZLAITA FIUDILNAIVDINTLANY
WS UBa NanT1SiUSsuBuLT IS 88 un
wansly 915199 4 wazn1s3AsIEr A
donndadlaesIuLandly a3197 5

Nan15LUS UL suluTEA U8 LUE S
WU ChatGPT uurldulwazuuus 1077
ﬁL%U%%W@Lﬁﬂﬁaﬂiuwaﬁaﬂiaﬁ Tostanizlu
fegsifiganmsziuunats Seazvioud
Snwarn15Ussiiui Aoud1esvinss Yaves
syuudguseaeg lunquadu ATM wudd
$798193970 SCB Way KBANK HA1AZLUUINA

ChatGPT AnEL¥eIuayeg19asinanensly

38 Hot plate wazian3na vausdi faag1991n
KTB uaninuaonnassiuluis Hot plate ue
fmnuuansaantesluisiniinlag ChatGPT
Tinzuuuganinanidos Tunsdives BAAC wu
ANNABAARBILUIT Hot plate unluisinnin
ChatGPT Tazuuuninindidsavngy dwsu
nqulutasasudu POS wudlnesiuiiuualidy
AMgATaTUNGUady ATM

1n8f19819970 Lotus POS LangmIu
waneaLdntessenina Uiy vngd 7-
Eleven POS flA110@0nAd 09U09AZLUUDE S
Faauluiiaaesisnig wazlunsdives DLY
POS way PT POS Wm'mgwfm?'mmzyt,l,ag
ChatGPT Tazuuuiiuluseiugs Jeazviou

= a

TaneiafedamunmAuasdaau sl
AuLANA 19TUN15A AL 1T 081947
Usingnisad Ceiling effect Anzuuulaianungg
Fageduldn

i o915 luninsiuveatoya
fanun wudn Fidsamglezuuuadsgand
ChatGPT 1 nae (2.49 + 0.58 wag 2.36 =
0.62 Muaeiu) 919l NANISNAFBUNIY
a0 @ Wilcoxon signed-rank test luwuaiiu
upneisegNlued1AYNINETATENINAZLUY
yoeviaanIngal (p = 0.56) uanslifiuinenu
uanensfiAnd uogluseduidnuazliidemase
FJoagUlngsiu TuauauaenAd 89UBIN"T
Usgtdu Wu11A1 Weighted Cohen’s Kappa
WY 0.62 4azlidnsnANUATIiuYeInIsIv
AzLuuy 75% avioulieansUsiiud
auaenndestulusedud saudulanig
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A157199 4 nan1siUSeuigusERUAzkUUaedloulTEnINaldeguay ChatGPT uunTeny

wiesuea lagldimatinnislianusauluy Hot plate wazinin

ASLUY ASLUY
. Hot plate Hot plate M3 3R
RENEE (ﬂjﬁimﬂmy) (ChatGPT) (Q’L‘?}afnmy) (ChatGPT)
X + SD X + SD X + SD X + SD
SCB ATM 2.6 +0.55 2.4 +0.55 2.6 + 055 2.2 +0.84
Kbank ATM 2.6 + 055 2.4 + 055 2.4 +0.55 1.8 + 0.84
KTB ATM 2.8 + 0.45 2.8 +0.45 2.4 + 0.55 2.6 +0.55
BAAC ATM 20+ 0.71 2.0 +0.89 2.8 +0.45 2.4 +0.89
Lotus POS 2.2 +0.84 20+ 0.71 1.2 +0.45 1.4 + 0.55
7-11 POS 2.4 + 055 2.4 + 055 2.2 +0.45 2.2 +0.45
D.LY POS 3.0 + 0.00 3.0 + 0.00 3.0 + 0.00 3.0 £ 0.00
PT POS 2.8 +0.45 2.8 +0.45 2.8 +0.45 2.8 +0.45

M19197 5 Han1sTEuLTguATIUUAMN AN B UHILAZNTIATIENAILARAADITEVING

ALYy Uay ChatGPT

AUy A1
FiTe1m9y (X + SD) 2.49 + 0.58
ChatGPT (x + SD) 2.36 + 0.62
p-value 0.56
95% Cl 0.44 - 0.77
NANITVAFOUN AR luflanuunnengegneditudAay
Weighted Cohen’s Kappa 0.62
IZAUANNADAAR DY seduTiwonsuldvminnns
9R171AUATINY (Agreement) 75%
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dyluazaiusenan1siY
NaNISANEL kandliiiuI 1 wadaAns
TrpnuseuliunumdAysonsiauastadle
¢ a ~ ~ ) a
wEUUNSEANEWRSURalallSsugUN UWMALA
A 1y n15lY e 1, Ninhydrin 139 DFO
Wesnlideddaisniliiudiy anenududou
YIVUNDY hazansasndunislasinsa 1w
~ & | ax v a
M3ANWIUNUITIS Hot plate TR Lad vAzLUY
AMNINEININTT T ALdntios alNaNaves
NAB WS UINNI 1 9 9@1u1saes ulele an
AYNENINTOVRY Hot plate Tumsmiunsgaumgil
Tiaei wavad wave dududadedAyne
o le = dy a d' 1
NSLUIUNSWAUNIAET I DUETUUN LRI Lo
ANINT AU LT U NTEATYLNDS Uea (Cantu &
Johnson, 2021; Champod et al., 2016; Bleay et
al,, 2021)

Tudanaln nseaumasuealsznausie
Fumdeunlsennuiou Jwzinuizennis
N A Py v | Y a aa o
Wil ol SuAUSaU dealrusuniansean
a9 Na8dlTe Wi lsukaside HinAnw
wane 199098 azusingrd uaneiad ouelsle
FaLau (Cantu & Johnson, 2021; Ramotowski,
2012) egslshinnu mngamadliladinauense
gaiuly @19vliAn overdevelopment %3e
NURWAANITAIAR 1 AINALAIIBALLD UAUD
duane (ridge detail) anasniadnilou (Holder
et al,, 2011; Becue et al,, 2020) F9g0nnaoInu
¢ LA | aa A A Y
NANSANYLNNUINIT RS AT ALY SEUYD4
Joyagendn Wewnbilawnsamunugamgila

2898 AN
Wi7111% Hot plate aglvinaansanilu

AN WAIBNTUAUIRDNEWE (Cohen’s

d = 0.26) wuinegluszAulan wanslwiiviudd
ANULANG 1R INA T UUINTITIUF UA A
liiisutn Jeaenndosiunuideneumihiissyin
nawaanet a8 sulauunszaunes uea
annsnvildnaneds uesnadnstuegfudouly
e WU gV IR WATENYULYRIATIU
aﬁaﬁaﬁa (Cantu & Johnson, 2021; Bleay et al,,
2021)

lunuves yianseawnesuea (ATM
vs POS) HamsAinwmuin nsgawady ATM T
AnadsnzuuLgsniluasaiuiu POS idntee
wazdlanuaiauennnin eglsiam vuia
vBwanylusesius 1310 (Cohen’s d = 0.08)
uanvinadianszauiinarenmunmaneiadiedios
lantes nanana1raunsaasuielaainaly
WANF 1999999A UTENDUAITIAA BU (Ccoating
composition) wazaulaneAmsou (thermal
sensitivity) ¥83n3zATBLAazUsTAN T 9finase
nsuansHaTatasiiafie (Ramotowski, 2012;
Cantu & Johnson, 2021)

NstUF su guNIsUTELT UTENT N9
;:JLS?immauJLLazﬂaujagmizﬁwi Taewui1 ChatGPT
fuulialiazuuud I w13 ervgdndos
Tnsawlumeiafioffinuamseduliunais
Tunsdifianediafiefiganmgs nuiddssidu

[y |

eaesinadnsaonndastuogetaan nams
Ansginsadfaduayutenunudaing 1 lag
Tainuanuuang e N dedAyneads (p=
0.56) WwazilA1 Weighted Cohen’s Kappa = 0.62
Feoglusziuivensuldmednns aunasi
204 Landis and Koch (1977) Lansl19f uan

ChatGPT fimuaenndosuglievaluseaud
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poufUls nadnsiaenndoatunuidefissyin
msUspiduaeiafiof auudsiuldudlundy
ngjlfﬁ'msz}%gl,aﬂ (Ulery et al,, 2011; Dror et al,,
2021)

TuvFunveslggyiuseivg uide
Tugramdwansliiiui Allaglanig deep
learning SiAnenmalunSAATIINMLAE 3TN
3UWUU (pattern recognition) $338 49116 1U
biometrics 1@ aneiaile (He et al,, 2016; Deng
et al, 2019; Zhang et al, 2023a) § s@anAd 04
AUNanSANYERG Wi ChatGPT anunsa
vimind 10 u 1a3 esideatuay u (dedision
support tool) leeensiiuszdnsnwn lnamniglu
%’jumaumiﬁ’ﬂﬂiauﬁmﬁu (National Institute of
Justice, 2018)

ag19lsfiny auwane 19 §anulu
et afen un U unanaf e 1 azsieude
1931170983 Al TUn15AANTI8aZI uALT9an

WU minutiae Wag ridge characteristics &84

1 o

Aose1dsUszaunITal LazT NTUYIUTD

v dl

W b 8918y (Dror et al,, 2021; Champod et al,

2016) sadiesnsin Al inlglunssuiunisefisssy

Fndudesaniledsanulussla anuanuisalu

LONE1591999

nseSuenansindula waznsitiugualag

v
1

N Y 9} o Y
bY 8IYEY bW @ﬂ@ﬁﬂu@?quﬂaqﬂlﬂa BUN D1

A
AaHAfENITUIUNTYAETIY
q@ﬁmmiﬁﬂmﬁé’qﬁ%’aﬁi’wﬁ’m laun
Srunudlaetingie usvdUsadiuiisita Ssom
danan anuaNIsalunsasUraluningiy
Fatu ns3veluauIARAISIR NTUIRRI9E s
AuvanTaETesi Ui warldrUsudiumans
A WaiuALUE ofl ovesadns (Becue et

al,, 2020)

LGB

1. prsWakuuT1ael oy useAvg
Tlnuamenadudainermandannd sy
1 99910 ChatGPT 1 wlana a1y (ceneral-
purpose Al) N15R ﬂm”aaﬁzj”aaiamsﬁyaﬂaum
Tnoamzazdeiinmuuluslunsussiu

2. MIANYIDVENAaUBIUITLNNALAN
LazAlveensEABNET oA ILfia 19U U
\AA BU (coating) AulIm BATIUT BU WAy
psRUsznaumaAdl ewndadewmani onal

unumdAsioNIUTINg Yool

UsEAIang g nNNTNANUDIYN. (2569). [119151 226-227]. T1BAINUUNYA.
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Reducing processing time in product scope assessment for electrical

appliances using RPA software technology at a government agency
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mMsfaLINsEUIUNMsRNIANve U eRAnSTiUssanieT sl dlWivemthsnunady ey
Uszdninimnszuiunisnansantunisnsiavaesndniueliteeninfosas 50 W1useuy National
Single Window (NSW) uagUsge, n sl inalulad Robotic Process Automation (RPA) 523 U
UryyrUsshvg (A) Lﬁumﬁ{faL%ﬂmaamuwﬁaﬂdu TAnNaU-1a1 lne@nw1Auad1uIu 350 518019
wiouldszuu RPA, Tulna Al dSUIATIZAONENTUATATWAUAT UATUNUNY Cause and Effect Diagram
iedinszvianivnuostlym Weneaedldsvuu RPA uas Al szaznandiunuanaande 2 Yu Anduy
Yovay 66.67 nnszurumaAiliinaads 6 Yusodve uarilidvedeavaunnnnit 500 Avesiolfiou
USinumsUszananaiinain 355 1Ju 575 Averetu wagdvedsarauanasiesay 90 syuuiiaany
wsiuglunsisdoyannnienans POF uuudernuegfisesas 88-92 uazienansaunuetiifosas 80-85
N153LAT1ENAUANAINIUATYIAIAATHUTILATINTANANBULNUNITAIM Y (ROI) Touas 716 uag
JEYLIAAUIU 2.2 Wfiou dxvioudnnisld RPA wag Al Yasenseaudsydnsninnsiiuinisniaiglaegng

Jugusssu uaranusadudunuulinbenudulszendldsely
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ABSTRACT

The research objective was to investigate the development of a product-scope
assessment process for electrical appliances within a government agency to enhance
assessment efficiency for customs clearance by at least 50%, reduce operational delays,
identify bottleneck factors, and determine optimal stages for automation via the National
Single Window (NSW) system. The proposed framework integrated Robotic Process
Automation (RPA) with Artificial Intelligence (Al). Utilizing a one-group pretest—posttest
experimental design, the study evaluated a dataset of 350 product applications. The
methodology incorporated RPA, Al models for document and product image analysis, and
a Cause-and-Effect Diagram to comprehensively analyze the root causes of operational
inefficiencies. The findings revealed that after implementing RPA and Al, the processing
time decreased to 2 days from 6 days per request, representing a 66.67 % reduction.
Processing capacity increased from 355 to 575 requests per day, while the backlog declined
by 90%. The system achieved data extraction accuracy of 8 8§—92 % for text-based PDF
documents and 8 0—8 5% for scanned documents. An economic feasibility analysis using
Cost-Benefit Analysis (CBA) showed a Return on Investment (ROI) of 716% and a
payback period of 2.2 months. The results demonstrate that the application of RPA and Al
can significantly improve the efficiency of public service delivery and serve as a practical
model for adoption by other government agencies.

KEYWORDS: Product scope assessment, Electrical appliances, National Single Window
(NSW), Robotic Process Automation (RPA), Artificial Intelligence (Al)
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(2567) ANWINNTUTMTIANITOUAAIBNTLUIUNIS
SoluiRdeusuflumegsiaUseiude uasddn
n5t RPA anlddsanmszang deou iisay
s tumsianisteya wasintbinszuiunisd
A uaesguand u ssnssung uil 39
AU itevesidelnons viddufifivesam
WMINaNYad RPA AaNseuIun1siasaveuie
wAnSusinf eI aenans Wisuiisudedun

1RSI uazAnuennsdiidedlinaefita raonau
Pk umnusduveamsnan A, OCR wae NLP
il 0393 uleNans A slasaadauazd ey annly
UIUNITIVBITEUU NSW

3) UIVLAIUNITDBNUUUNIZUIUNT
wazn1sgansuwmalulad uwuiAnY9s Hammer
wag Champy (1993) LAUBI INITUNTLAU
Usgns amaaewaluladsndudesendonis
gaNuWUUNIEUIUNSIvsNan mdagdu (Ass) 4
an il fiaUszasd (To-Be) ograsfuszuy vaied
Leno wagAue (2020) wandliiiuiinising o
Toyauazngnisd nd ulvey1ad uszuud
AU YA BNITHAIUIMUUT 1899903 8¥d M3 U
uSalulR @9 Vollenbers uavansz (2024) 331
nseniu RPA Tumsnuniasziuegiuntsius
feuszlovd anudrglunisldau wazaau
Wiz vunumves U UR e Tuusunns
USUUTINTTUIUNT J99ing Bunied (2565) Anw)
MIUFUUTINTEUIUMITRYTAT LeTud208 19
dmSusnmansens wasdliuinnmsined
FUREUULAZNTIENWUUNIEUIUNT IV BE 9
14 uisuummmaﬂmmqaJLUa'WLLazLﬂ'm
UszdvSnmnisandusnuldegedamu daauny
wanid oalosiueidei e e mau Wosen
{378l 31AT189nIEUIUNISIA UkAERBNLUY
nszvIunTnl IR szuud nlulAsud agoUN1s
FuuNeNaNs Mshadeua waznsilIeuiiguiu
YUY ILNTTIUTIAY Vaued e Sanarin
wihilunsaidudou 3aenndeniiuuwAn BPR
wardianseausuwmelulagluninsy

Tagasy 2530ungsudt sanung ud1edu
atvayunuiteiludnuaeiiiomuiu nanie
U uleued uduaus i unazalu
A0RAT DT VIFANERS VRINTUTEUUSRL LT ALY
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T lun1Asy MUAUANENINYDY RPA LaRIAIY
Duldlagsufihvesnisanan annnsza uas
duusAvEnmlunisussnanadeyaienans dau
UATUNITORNUUUNTEUIUNITUALN158OUTY
weluladefunedeulvanudisavesnmisyuy
TWlga34 egslsfiny dmudesinavetesrannnug
A garun1sUsEe ne 19 RPA T audy Ay
NEUIUNTNITUVOUNEAT U VDINUIBIY
mesginelaglideyatimnszuy NSW Adedl
FadmnBufutesinedina rrunsUszdl una
Faszdndienuszezanduiuny USinams
Uszanana AvaRvazan anuwiuglunisha

doudsau
(Independent Variable)

~

L e
1. Swain S/

@A) (AIL- L=
€Lz B I=
JlaE NLP oo
Vision

o S

= | =
N = 2. JSunaunmisUs:udana
2. di1ssuu RPA LTS | | domads | (Throughput)
(mauau Al Taun ateeIiP1 . 2. BrvodToman
OCR, NLP) (Backiog) 24

U WATAIUALAIMINATYFAIENT LN OLAUD
LI RAULUUE T UNMIENSERUUTEENS AN
MiuguanAsIAEmAlLlag nluds

NIBULUIAANTINY

NIOUKNANNITITHUARIANFUNUSIT
wRHATEI 9N IUsEY ALY RPA Wag Al Tedna
N9 uUTEANT A NNTEUIUNTA VTN
YoueHandae sutlugnisanszeznanade
uavandIus esdsaradlussduURTRnT was
yeiigadsareUszansimnsiiuguauaz e
ANENLNSANTTHY T UYBIUsEmAlus T uUlE U
Fauandugui 1

a>udsalu
(Dependent Variable)

-~

e 1. SzgzDaATWIISTU W

- ADTUAUAINY
tAsugmaas (ROI)

=
- o

a>udsadunu
(Control Variable)

- 1. AYuSOSuwaasiaa €
L e

- 2. w@figsnIws:uu NSW 4 =

= 3. unasgiu uan. 53 avu &

5UN 1 NFOULWIARNITIRY

ASANdUNSIY
NUITYU LT NISNAABILUUN INAa DI
(Quasi-Experimental Design) §Uwuy One-Group
Pre-test/Post-test Design (ilang 4innau-na )
d' a a a a a
W BLUS 8UN 8UUSEA NI NINNTZUIUNITUSELHU

veuanandasiUssnnesoddnildouuas s
nsunszuudnlulAuasUyguseavs lld lay
Nudayanszuu NSW sevinafiou nad 2567-
Wou n.y. U 2568 dsgradudve 350 A0
Sunudweiade 10,669 Averelfiou Asguil 2
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29onNnuuu

nasnadauss-uu (POC > Pilot > Full)

- nisnadsunau (naunasuda RPA u1iad))

= nisnAadaurnay (Haynasun RPA unaid))
VUNIANGUADDEIN1d: 350 ANV

Js:ziouwa

WSauinsuwads:=ansnaw

Us=ziouAoauAuAa (ROI)
- JssiDuwansznuuazA2UuIEgy

5UN 2 nszuaumsaiiunsive

UV NSUALNEUATDENS

Ugv1n5A 8A1v8n519Ua DUNE NA BT
ot iivissnumasgiintiifosan Tae
T3 meind 24 Ay $9n1s 10,669 AveLRa BRe
wou T nsquuuuianzas dondvei idaya
\@Nnans Invoice Yoy adnnz(@Un) JUAM uay
sWainAanINg ATULIW 99U 350 518013
wUasdu Pre-test 175 518015 (Manual Process)
WAy Post-test 175 518115 (RPA Process) lagan
GuaﬁLﬁaﬂmmaauﬁgumamqmﬁmﬁm%ﬂszLm/]
i3 edldluilnta 53 wen. lurrensmaaouiinses
Wuan 1 ey s vuavuinseg 19A 1147
Inelduan A Priori Power Analysis d1%5U Paired
t-test (Cohen, 1988) 7 sefurBdAty A = 0.05
(two-tailed), Statistical Power = 0.80 Way Effect

Size d = 0.5 @uenans) Ivueseg et 128
AYOABNGN Y38 256 A10TIN HITETINMUA
WIRFI0E97 350 A1ve W afiug 1A ER A
wazsassunselionansilauy saldnUssinauiesas 25

ot nguiaegns 350 Awefildlumside
ﬂ%gqfiﬁuai"lmuﬁ'gﬂﬁwuumeﬁumwuwé’ﬂﬂwsmaﬁﬁ
iioldveaeuaLAs ez ianaTsuisunou-
wdamsldsruuringu SlddunmmesSinauenui
stuuUszmanaldaSwiotuy sieitammuanusaly
MyUsraana (Throughput) U893 UU RPA 71 575
Fesiotu \ust Tafi Trendnsnisussnana
239U9I5TUUNADAY Full Implementation Tag
i ineyanizng et 197 I lunsmaaey
AULRFIU
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509NN Iy ANuazaIntun s el d ol suldauin

MAHTEUUTZEIU 5 wnaanasuiand sy ANUAILNTALUNNSVENYTEUU NSHTBUABAU NSW
Aauaztuiindeyatunidududn lngiasan 5 AP wazsunuymlumadudives

NN WA ANULLUENIUNITIATIZABNENT

ANS199 2 daAs1zinaeinnianwwannasy RPA d1SUN15Nansanvaung

uwaawasu RPA AULUEN ANUS? R i e AunNU WAEID19D4
ARSI Uszanana  Wuu NSW APl  (License)
OUGAL (s) REMLT
oy
UiPath StudioX 88-92% 3-10 N N i UiPath (2020);
* 80-85% Ribeiro et al. (2021)
-00No - -

. a0 - ,

ﬁutomatlon 80-88% 5-20 N ” Ribeiro et al, (2021)
nywhere

Automagica 70-80% 10-25 TANGE) - Open

u Source Ribeiro etal. (2021)

* UiPath StudioX I¢ifumsfnidenilesmnniirnuusiugngega 58950 Low-Code ansnsaifossio NSW APl uaed]

Community License ﬁlﬂiﬁ?ﬁﬂ%ﬁjﬂa

fian: fidudaaszsiann Ribeiro et al. (2021) wae UiPath (2020) Tnsdaideninasinaenadeafuuium
55U NSW uaganasgiu wen. Ussiamiasasldluih

MW ANAIMLAUEIae UiPath StudioX 8snuanisnaaeulugiansmaaeuiinsessiuiu

UiPath Document Understanding Benchmark (UiPath, 2020) Linaawes 1AU8B %N Ribeiro et al. (2021)

WRNaNISLAen UiPath StudioX WUUYHYY (Community License) Tldws way
Mnnaieuifisuunanilosy RPA 1 Orchestrator @131503AN15AUlADY 10,669
5 578M5lumssil 2 wuin UiPath StudioX i fvorafiou Suvangdunuidedidesnis
ANUmINzALgaan Losa1nsesiumsnondiy fimnszUUsesanidees (low-code) Tng
AIEABUTILADST, N1TTUAKUUUTEUINM LA laifosfianiaideulusunsutugs

lasangUszaniiguasunIu Adygeuge
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AN5199 3 TUABUNISNAABUNTITESEUUD MU LUTY

STYLAISNAFOU FRUGEGE YUINA2DE9 fadinuan

. ANLEUEIUBY OCR > 88%,
.. WAILINITODALUY o m e
WEatlwifn ¥ n=10 syeglaUsyinana < 10 Jun/m

N3EUIUNIT RPA fugu

98

GRS TRHG
ANSYAFBUUEITEY  NSW n=50 anLian 60%, Cl 1.82-2.18 U
MIRRAIAY nsusuldseuvanysal USinaunsussanana 575 A1ve/
sUlUU WUy n=350 i,

wn: 6338

FunoumsinNuaITEUY
sEUUsUY ey aw 13 nlurd 43101
(Invoice) lug Uuuu PDF n3ea1naey 1N
AU (1) IunUsznnendans (2) Avaya
A78N133 318 NUTEA LAY (Optical Character
Recognition: OCR) haen1sUserulana
N1¥1557U¥79  (Natural Language Processing:
NLP) (3) WS suiigufiusnnsgu dan. wag (4) s
nsdlfdoyalsiifisanenitu Exception Queue Aoy

dasngnueydAdnlud@ndug ssuy NSW szuy
NAFBULUY 3 Phase AahanslumIsIn 3 waz
wanaluguin 5 uag 6

manusIuTwdaya

1. ssezrauldfszuy: Tuiindayaiiugu
laun szegnaUseanana 6 Tu ANveA eagaY
500 AYe UarUSUIMNNTUTEINANG 355 A1URRD
Fu andhuiingzuu NSW sauandlugui 3

Tu Permit aunsatindudiesnun

NNIUFANINT

Alueygn

Taisilueaygye

Liisgludaaruau

(Fvdfayaruszuu NSW Tuds

AsufAan1ns)

s 2 =
LATVUIV

& HN-HD.

agludnaaluau

(augensrevssslanu

Roulveas aus)

Wu pof ramchendaiost cenuses | l

l vosuluaugn I

sUN 3 dadunaunistiuvensiavasaunnindineunisly RPA

2. NSWRAIUITSUUINIULR: @5719.0NE1S
BRNLUUNTLUIUNIT (Process Design Document)

AAs1ennsruINn1sUagdu (M laglamiii)
Lewn n15m5793 Invoice N15MTI9d8UY 0YA
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e (@Un)

LAZNITATINFDUVDUUIY UDN.

LW BBONBUUNTEUIUNISO ALUL A (RPA

Workflow) fauanslugud a

naandoyananfngiiiig 5
doam s doya

- Foudniinei wulju

N text 9N

- 7 anans

1 dluaygyin

| RPA

nvoice || Al
Fowlu rnln,z e
o

 Liflueygs [+ ss

R
Funm

I wnans

wuutansawdng i Oy pof r"\rhw,svﬂ’ud amInuans
Twandunsdnstst

INATUAANTINT
oS T mm mm Em Em Em Em Em Em =h R N EE m S
-
v 3
T ]
Foyolsindin 1
l Al
AAITH Liogludne

Tu Permit auisadrdudieonun

e o

1
e

sty
Fdoymiite

Aaszilusuian

UM 4 fadumauuiuusslagnisin RPA unldielasuuseanininnisvinau
3. svpzvaaldsyuu: Aanasyuudnluldd Mg, Th

Taszeziaan 2 1, Backlog (A1veAvaza) 50 AUe/ U

roughput (Uinaunisuseanang) 575

PROFORMA INVOICE

Buyer ASSARA ELECTRIC CO._LTD
413 MOO 2, BANKLONGSUAN, PRASAMUTJADEE,
SAMUTPRAKARN 10290, THAILAND

TEL : (662)4615600,(662)84847 13-4

Contact person: Mr. Sittinan Assarasee

Invoice No.: THDC-OCT2501
Date: OCT 01, 2025

Delivery time: end of NOVEMVER 2025
Port of loading: XIAOLAN PORT, CHINA
TO: Bangkok, Thailand

Description

Quantity | Unitprice | Amount
Pcs) | wsop) | 2 (WwsoD)

ELECTRIC MULTI-FUNCTION POT

4620 .00 8.00 36,960.00

MODEL : FR-2301

220-240V / SO/60HZ, 1000wW

3.9L full capacity SUS inner pot,

with Non-stick black coating

Color: plastic color as left photo 210

XITE Thermostat,

Two level power switch

Power cord: 3°0.7Smm*x1M copper. Thai 3-pin TISI plug:

Giftbox: 286x276x15S5MM (3 layers)

Carton: 853x296x335MM, 6PCS/CTN

TOTAL 1x40°HO

JUN 5 Lenansfidatnansiuseuu NSW wansseazidendoyaninsiu

D

1

FROUT ] T 5] AT ™ TR

17 - fe
A 8 c i ) cur K E G H
déy nuanfuanda | sssavianans [auiituasonen | Sudsananats | siwandeeduen wuwsu (model) aulnduen
1 |ASSARA ELECTRIC CO., PROFORMA THDC-OCT2501 1-a.@.-25|Electric Mutti-Function Pot  [FR-2301 usoauli: 220-240V /
LTD. INVOICE 50-60Hz riads'lyl:

1000W axwa: 3.9 das
(SUS inner pot) wadau
Non-stick &1 éa3as
Avanadn (Famnn)
TafinasTuadn 210 XITE
aadaivananusau 2
szeu ae'lal:
3x0.75mm? x 1M
vasuey / Udnuuy 3 1
uan. vwenaasluai
(Carton):
§S3x296x335mm, 6
%u/naas naasusTy
(Giftbox):
286x276x155mm (3
Hu)(TIST)

5UN 6 Yayavisyuudnlud@fseanuiliainienanssieaziden
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mywszideya

Tdad g anssasun (Mean, SD, Cl 95%)
wazad AnnaeuaLNFAgIu tan Paired t-test: (Hy:
M1 = M2, 01=0.05) Cohen's d Effect Size way Z-
test Ipglgonsuag SPSS, UiPath Insights, Excel

mAdeidenldatfinnaeu 2 Ustmemy
anwzvesleya Pared ttest IS gui gy
sverinaUsrinananauLaznd sl RPA flasan
Aveyai st ugninaead ouly (Dependent
Samples) ¥ AUANAIULUTUTIUTENI NS
598M3lAAnI1 Independent t-test @ Z-test 14
NAaeUdRaUUSINUNSUIZLIAaNE (Throughput)

A1999 4 NANITNAFDUNNEDRA Pre—Post Comparison

d' o Y a o 1 a o
W osndawusidudeyadsdndui duuin
fegsvuiatung (n=350) Wulumuidouluns
WANKIIUNH

fauUstifnen
- FauUsu: mevieulaes g way
n15UsEUU RPA a1l (UiPath Al: OCR Accuracy)
- aUIRNY: STEEIan L HUANS, YSua
MIUTEUIaNA ANYBANAYEY LAZANANAIALY
- Fauvseuns: wen. wdedldlninduu
53 18N, E@ResNN NSW APl psisdumasiin

AkUs fiou (1nde) was (1288)
SEaLIaINITUEBAIvE (1) 6 2
USunaumvennsiavasenaiu (A198) 355 575

NANT5398

NuiTeiinaaeuUsEans nmuesTuL
dnludfuaslyn1Ussivgnua1ve 350 ANYD
3N U 03 a NSW Wud158uUansseziia
USEananaan 6 Juae 2 U @nasiosay 66.67)
Faguil 7 WS sUszanana 90 355 Ao
Hu 575 Awe/Su (Windevas 62.8) wavanAve
ANgdzay 310 500 A9 LaD 50 ANUD (anas
Lovaz 90) Tnefldmind 24 pufiansan 10,669
Avewausaiou sudadumed 4

Han1samssesiia1Useulana
(Processing Time)Wan15nAdaun 28 Paired t-
test 7 seAuTEd1A Y 0.05 NUT1 FrEELIAN
Uszananaladsanasain 6 u (SD = 0.5) wide
2 ¥4 (D = 0.5) Tneilnariaade 4 Ju laen t =
149.81, p < 0.001 waAslR i uINN1ITUITLUY
RPA 1nld9igansyezannsaniuaulaeged
Toddneann el drennudetudevas 95
maﬁwﬁauﬁizwagjﬁ 5.82-6.18 U wazuadlay
syUURET 1.82-2.18 Ju Fanandlunsad 5
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Lo T S % I ¥ R < B IS

fiould RPA

svezna1lsyulana (Ju)

H6.67%

vadld RPa

gﬂﬁ 7 Processing Time Nau-1ay RPA

nansNUS uan1sUsTdune uazan
ANUBAN

U3unainisuszananalinan 355 1y
575 fwe/Su (Wiududosay 62.8) Awefnsavay
ana1n 500 Wi 50 Ave (anasseway 90) Z-test
VAFOU Hy: p = 0.85 vs Hy: p > 0.85 WU z = 3.13,
p = 0.0009 Ufjkeis Hy

sruudnludfanunsafsdoyaainenans
wagdunUssnneandauaila laesnludd lned
AL U UANA 1T UALUSELALENENS 9%
ﬁwaﬁiwwimﬁudﬁayjdﬂ N EINBENSUNTS

Y

Anaulagnlul® Wy whansAunINen KEnS 9

ﬂ’mﬁmmamj'l&mmg’m 19n. 11NN 1 ady
visolenansivateyasumeddty asgnaseli
Wi ansanselnes alul Ay Exception
Queue U84 UiPath Orchestrator

8 NYMEYDY Exception Cases Wae
NIUIUNTAWD

A1ved svuuluanuisaussuianale
gnluilfazgna s ox 11 Exception Queue VY
UiPath Orchestrator #sl#i (1) lenansnnine
7 OCR iamnsagld (2) wansfausifiamuid e
1ATFIUW W8N, 1NNI1 1 adyu uag (3) lonansiiil
Toyadiwzlianysol

M15199 5 NaN5USUBUSEEEIaNUSEUIaRE NBU-TEINISIY RPA

ST szazataiy (u) SD Cl (95%) n
Pre-test 6 05 582-6.18 175
Post-test 2 05 1.82-218 175
%478 1A -66.67% - t=149.81 -

[y

A [N
N Q’JQEJ.

MEMR: A1 SD YBeNIaRINgugNIMUAINN1TFLNAANNIUTUTINYR SPEEIa UsENdana tug Pilot

Test (n=50) Fenudnszuudanuadanegisnaunaznainisly RPA Lo nnseuiunnsiavasedl

JURBUNIIMUALITALIY
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A15199 6 NanTstUAsULUAY KPI 1an

KPI nauld RPA wadld RPA % Wasuulas  adadidwvagay
szuzaUszulana (Ju) 6 2 -66.67% t=149.81%
Srnuiivseananald (Fve) 355 575 +62.8% -
ANYDANY (A1VD) 500 50 -90% 7=3.13*

n: 1338,

VMR AMUIAIN N=350, Throughput 575 Avaseiu Inndaaiuaiunsageanvasseuulugae

v
v Aov (% 1

Full Implementation &a.dus iauazyaiungusitegns n=350 AlddmsumsadeuaLuRgLINGwEdf

wonan svuudiadimnuwiuglunsea
Yeyavnienans POF Aidudonu oy foay
88-92 uavlenansaLnUeyisosaz 80-85 puil
wansluns1eR 7 manﬂm”asz‘?ya”maamﬁmﬁ’u
auuAsUNTITeTI1NMsUNTEUY RPA Wag Al
Uszgndlld fauandlumsnedl 6 ansnsausuuse
USEENENNATEUIUNISNATUIVB U BNE RS 09

2 %

Ioagafidudfn auUSInanIsUsEInaNa syuU

o

=

A101500 1T aAuaInisalun1snsrala ae
NARADIN 355 Aveseiu Wu 575 AvereTuy
Aadunisi ui udevay 628 lkuaeau
annsasesdusinasveiiiiutuet e aul dld
Tnglisndudouiingnidmnans fauansly
gﬂ'ﬁ' 8

USumudweiidszunanald (Fve)

iR
-]
[4]

+62.8%

Apuld RPA

wials RPA

sU# 8 MuumvenaunsansIUaesiiutunaald RPA

ATUAIVDANIALEAY STUUAIUITOAN
INUIUAIVDANALANDNN 500 AU LAADLINE
50 A1 AAUNITanaIsesay 90 FIkIUNIT

NaaaUAY Ztest laAi z=3.13 WAz p =
0.0009 kanaliiuINszuUdalusTRaU15aA b
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Jayninisazauvessunelaeg 19 dedagy
nananslugy 9

S00

A1van 1 (A119)

S0

nauly RPA

waaly RPA

JUN 9 F1numveRianamdsly RPA

A15197 7 Anundugnuee Al Tumsiesigmenaiswiasuseny

tNasUTZAN AALLIUEN 338UsTUIANE Sasnfigeusuld
lenansterugUluY PDF 88-92% 3-10 UM 5-10%
nasaunusULUY PDF 80-85% 25-60 Fui 10-15%
Tridgunn 58-63% 60-120 Junil 35-040%

= va o
NH: Q’Jﬁ]ﬂ.

MUNGLYR: FLaYAINLIUE189910 UiPath Document Understanding Benchmark (UiPath, 2020) uagkanis

naaauluyi9 Pilot Test (n=50)

NANTSI T8 UGTUINTEUUT LU A s
Jgusehvganszesiiain wiunisle s euas
66.67 (6 Tu WA 2 Tu) MY Paired t-test (t=
149.81, p<0.001) uaw Cohen's d=8.0 §sUsTna
Algjann donrdel Willcocks et al. (2017) i
52471 RPA andlunuasli Yosay 30-70 Tunis
Juiindeyauazasivaeunsufinungssieu
AITUE LT ﬁ]‘lfym%]’m UiPath Document
Understanding 7114 OCR/NLP Aoy alunifu
Aurwazsiaiinraninslaauuiugiseeay

88-92 g3n31 Flechsig et al. (2022) ﬁwuqﬂaiiﬂ
UM oUR 3T UUANTAUWA
Usmnamsussnanafini uiovay 62.8
(355 fesetu Wiy 575 feveroiy) waze
YoAsazaNanasiavaz 90 (500 A1UD LD 50 AN
U9) dOAAR DU Gerdsr WagAMy (2024) ﬁizq
AAN19NSIA UlAU 9T UUE Rlul A LuUseindlne
Aeldnseu Thailand 4.0 1A safunisiiiulpves
sruvsaludfenansluniasshdsia ogdlsin
errsusiugrdvsulndmenefisosay 58-63 6
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ni1 POF iesnnszuunsueadiuienoufinnes
fagfesmsdeyaiinaeufisnfis 33 Charles Ol way
Ay L@We Cognitive RPA (Charles et al., 2022:
111-119) LﬁaLLf’fﬂzgmﬁ

HANNTAATIEVAUANANAUATEFAGRAS
MTIATILIANUANAUATYgAMENSTY
3§ﬁjunu—maﬂiﬂmﬁ (Cost-Benefit Analysis:
cBA) Tnestsauuf g1ud uyuamud udy 367,500
U Fuiioued sidmtiiil 25,000 Unseideu
warn1sUsEndnfdemuiieuin 2 FTE naenaiy
Tsens 5 Anlunauszlemisnel 600,000 U
wagKaUsElevgynSagan 3,000,000 UM KANTS
AMIUNUILATINSHHARDURILNITAM Y (ROI)
Jouay 716 UATIEELIANAUNUY 2.2 lNBU avvioy
NsaulanuuaguaglinanauLnuingy
PrsUszanaumsfinemlunuioumt

MsenUTeHa

NANTITET T RPA Wag Al @1ans0an
syeglaisanlaTesas 66.67 Tawgmanain
msfiszuuidnan$uiieseuamduneuiildnann
fanlnesalulid Iéud mssuunuszinmienans
msfseyaniy OCR uag NLP wazmailSeuiigy
U0y AT UNLAVNINTTIU WBN. NG UNE AL U9
Uszinma3 adldlilite 53 atu vildidwiag
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